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Abstract: Impaired health-related quality of life (HRQoL) is a major problem in patients with
systemic lupus erythematosus (SLE). Antimalarial agents (AMA) are the cornerstone of SLE therapy,
but data on their impact on HRQoL are scarce. We investigated this impact using baseline data
from the BLISS-52 (NCT00424476) and BLISS-76 (NCT00410384) trials (n = 1684). HRQoL was
self-reported using the Medical Outcomes Study short-form 36 (SF-36), functional assessment of
chronic illness therapy (FACIT)-Fatigue and 3-level EuroQoL 5-Dimension (EQ-5D) questionnaires.
Patients on AMA (n = 1098/1684) performed better with regard to SF-36 physical component summary,
physical functioning, role physical, bodily pain, FACIT-Fatigue, EQ-5D utility index and EQ-5D visual
analogue scale scores. The difference in SF-36 physical functioning (mean ± standard deviation (SD):
61.1 ± 24.9 versus 55.0 ± 26.5; p < 0.001) exceeded the minimal clinically important difference (≥5.0).
This association remained significant after adjustment for potential confounding factors in linear
regression models (standardised coefficient, β = 0.07; p = 0.002). Greater proportions of AMA users
than non-users reported no problems in the mobility, self-care, usual activities and anxiety/depression
EQ-5D dimensions. AMA use was particularly associated with favourable HRQoL in physical aspects
among patients with active mucocutaneous and musculoskeletal disease, and mental aspects among
patients with active renal SLE. These results provide support in motivating adherence to AMA
therapy. Exploration of causality in the relationship between AMA use and favourable HRQoL in
SLE has merit.

Keywords: systemic lupus erythematosus; health-related quality of life; antimalarial agents; treatment;
patient-reported outcomes; health perceptions; medication adherence

1. Introduction

Systemic lupus erythematosus (SLE) is a chronic inflammatory multisystem disease that commonly
affects women during their reproductive life span. It is characterised by relapses and periods
of remission, and permanent organ damage may accrue during the course of the disease [1].
SLE negatively affects the patients’ health-related quality of life (HRQoL), not only because it
causes pain and physical dysfunction, but also because it is associated with end-organ damage,
several comorbidities and medication-related adverse events [2]. Certain disease characteristics signify
particular propensity for HRQoL diminutions, i.e., early disease onset, and cutaneous, musculoskeletal
and renal involvement [3,4].

J. Clin. Med. 2020, 9, 1813; doi:10.3390/jcm9061813 www.mdpi.com/journal/jcm
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Treatment of SLE includes broad immunosuppressants or immunomodulatory agents, aiming
for remission or low disease activity state [5,6]. Antimalarial agents (AMA) are considered the
cornerstone of SLE therapy and are recommended for all patients with SLE, unless contraindicated [7].
Administration of AMA reduces the probability of disease relapses and contributes to long-term
remission, reduces the rate of organ damage accrual, increases patient survival, and is associated with
protective effects against complications and comorbidities, e.g., cardiovascular disease and impairment
of the renal function [8–10].

The concept of the patients’ perspective as an integral part of the clinical evaluation gains increasing
acknowledgment within the SLE researcher community, and HRQoL outcomes are nowadays commonly
used in drug trials [11]. This has to be seen as a paradigm shift, knowing that the patients’ perspective
historically has rather been neglected in clinical practice. However, data on the impact of AMA
on HRQoL among SLE patients are scarce and conflicting, with some studies reporting beneficial
effects [12,13] while other investigations show no impact [14].

Our aim in the present study was to determine the impact of AMA on self-reported physical and
mental HRQoL in a large SLE population from two phase III clinical trials.

2. Experimental Section

2.1. Study Design and Population

We conducted a post-hoc analysis of data from two multicentre, double-blinded placebo-controlled
phase III trials of belimumab, i.e., BLISS-52 [15] and BLISS-76 [16], which comprised 865 and 819
participants, respectively. The two trials included SLE patients of 18 years of age and above, classified
having SLE according to the American College of Rheumatology revised criteria [17]. All patients in the
trials were seropositive, defined as having an ANA titre of ≥1:80 and/or anti-double stranded (ds)DNA
antibody level ≥ 30 IU/mL, and had an active SLE disease defined as a Safety of Estrogens in Lupus
National Assessment-Systemic Lupus Erythematosus Disease Activity Index (SELENA-SLEDAI) [18]
score of 6 or more.

All patients recruited were also on a stable background treatment comprising glucocorticoids,
AMA and/or immunosuppressants, or, in the majority of the cases, combinations thereof (termed
standard of care therapy), for at least one month prior to treatment initiation.

For the purpose of the present study, we utilised baseline data only in a cross-sectional manner,
i.e., data obtained prior to exposure to belimumab or placebo. The almost identical trial designs
facilitated utilisation of pooled data from both trials. Data were made available by GlaxoSmithKline
(Uxbridge, UK) through the Clinical Study Data Request (CSDR) consortium.

The patients’ rights, privacy and safety were protected in compliance with the ethical principles of
the Declaration of Helsinki. Written informed consent was obtained from all study participants prior to
enrolment in the BLISS-52 and BLISS-76 trial programmes. The study protocols from all participating
centres were reviewed and approved by regional ethics review boards, and the study protocol for
this post-hoc analysis was reviewed and approved by the regional ethics review board in Stockholm,
Sweden (reference number 2019-05498).

2.2. Evaluation of HRQoL

Patient-reported data of HRQoL were registered using generic instruments, i.e., the medical
outcome study (MOS) short form-36 (SF-36) questionnaire [19], the functional assessment of chronic
illness therapy (FACIT)-Fatigue scale [20] and the 3-level EuroQoL research foundation 5-dimension
(EQ-5D) health survey [21].

The MOS SF-36 is one of the most common generic questionnaires used for assessment of HRQoL
in patients with different health conditions, as well as in the general population [19]. It contains
36 questions, analysis of which results in eight subscales representing different HRQoL aspects,
i.e., physical functioning (PF), role physical (RP), bodily pain (BP), general health (GH), social
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functioning (SF), vitality (VT), role emotional (RE) and mental health (MH). The response from SF-36
was scored using the SF-36v2 manual [22], yielding subscale scores from 0 to 100. Next, the SF-36
subscales were computed according to a three-step procedure, including Z-score transformation and
weighting based on the general US population to generate two summary measures, i.e., the physical
component summary (PCS) and the mental component summary (MCS). Although all subscales are
weighted in the derivation of both PCS and MCS, PF, RP, BP and GH are referred to as the physical
aspects, and SF, VT, RE and MH are referred to as the mental aspects of SF-36. In terms of interpretation,
high scores in SF-36 component summaries and subscales are considered a favourable perception of
HRQoL and low scores are interpreted as poor HRQoL.

The FACIT-Fatigue scale is an instrument that includes 13 items and is designed to assess the level
of fatigue over the preceding seven days. The scores generated have a span from 0 (maximal fatigue)
to 52 (minimal fatigue), with scores < 30 representing severe fatigue.

The 3-level EQ-5D health survey consists of two distinct sections, i.e., a visual analogue scale
(VAS), measuring patients’ health perception from 0 (worst health status) to 100 (best health status),
and a descriptive system, consisting of a questionnaire that comprises five dimensions, i.e., self-care,
mobility, usual activities, pain/discomfort and anxiety/depression. Each dimension is scored by the
respondent, with possible answers being no problems (level 1), some/moderate problems (level 2),
or extreme/major problems (level 3). Responses to these five questions are next summarised into
a utility index score. In the present study, EQ-5D utility index scores were calculated based on the
valuation of EQ-5D health states from a general US population sample [23]. In terms of interpretation,
higher utility index scores represent a better HRQoL. “Full-health state” was defined as statement of
no problems in all five dimensions [24].

Apart from numerical and statistical differences, we endorsed the concept of minimal clinically
important differences (MCIDs), and registered fulfilment of MCIDs in comparisons between AMA
users and non-users. Based on previous literature, we set the MCID for SF-36 PCS and MCS scores
to ≥2.5 points and for SF-36 subscales to ≥5.0 points [25], for FACIT-Fatigue scores to ≥4 points [26],
for EQ-5D utility index scores to ≥0.040 points, used for scores calculated using the US valuation
algorithm [27], and for EQ-5D VAS scores to ≥10 points [28]. For MCIDs that in previous studies
were meant for evaluation of changes of the HRQoL between different time points, with different
benchmarks for improvement and worsening, we considered the greatest benchmark as the MCID for
the respective HRQoL item in the cross-sectional design of the present study.

2.3. Evaluation of Disease Activity and Organ Damage

In the BLISS trials, SLE disease activity was measured using the SELENA-SLEDAI [18] and the
classic British Isles Lupus Assessment Group Index (BILAG) [29] indices. Organ damage was assessed
using the Systemic Lupus International Collaborating Clinics/American College of Rheumatology
Damage Index (SDI) [30].

2.4. Patient Subgroups based on Organ-Specific Activity

For patient subgroup analyses, we evaluated associations between use of AMA and patient
perceptions of HRQoL in study participants with active mucocutaneous, musculoskeletal and renal
disease, herein defined as BILAG A or B in the respective domain.

2.5. Statistical Analysis

Data are presented as numbers (percentage) or means ± standard deviation (SD). Comparisons of
continuous data between AMA users and non-users were conducted using the Mann-Whitney U test.
The Pearson’s chi-square test was used to investigate contingent associations between binomial
variables. Subsequently, linear regression analysis was carried out for comparisons yielding clinically
important differences in order to adjust for potential confounding factors, selected based on previous
literature [12,31–33]. Covariates included age, sex, ethnicity, SELENA-SLEDAI scores, SLE disease
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duration, SDI scores, prednisone (or equivalent) dose and use of immunosuppressants. Multivariable
linear regression models included items that showed statistically significant associations in preceding
univariable analysis. p-values < 0.05 were considered statistically significant. Statistical analyses were
performed using the IBM SPSS software version 25 (IBM Corp., Armonk, NY, USA). GraphPad Prism 7
(GraphPad Software Inc., La Jolla, CA, USA) was used for the construction of graphs.

3. Results

3.1. Patient Characteristics

Of 1684 SLE patients recruited to the BLISS trials, 1098 patients were on AMA at the baseline
evaluation (65.2%), and 94.1% were women. Demographics and SLE disease characteristics for the
entire study population are presented in Table 1, and include AMA compounds and dose, as well as
comparisons between AMA users and non-users. In Supplementary Materials Table S1, we present
patient characteristics in the BLISS-52 and BLISS-76 trials separately.

Table 1. Demographic characteristics and clinical data of antimalarial agents (AMA) users
versus non-users.

Patient Characteristics Pooled BLISS
AMA Use

p Value
+ −

Number of Patients 1684 1098 586

Demographic Characteristics

Age (years) 37.8 (11.5) 36.8 (11.4) 39.6 (11.5) <0.001
Female sex 1585 (94.1%) 1033 (94.1%) 552 (94.2%) 0.922

Ethnicity

Asian 353 (21.0%) 243 (22.1%) 110 (18.8%) 0.107
Black/African American 146 (8.7%) 98 (8.9%) 48 (8.2%) 0.610

Indigenous American 374 (22.2%) 254 (23.1%) 120 (20.5%) 0.212
White/Caucasian 798 (47.4%) 491 (44.7%) 307 (52.4%) 0.003

Clinical Data

SELENA-SLEDAI score 9.7 (3.8) 9.6 (3.6) 10.0 (4.0) 0.145
SLE disease duration (years) 6.4 (6.3) 6.1 (6.2) 7.0 (6.6) 0.007

SDI score 0.78 (1.24) 0.69 (1.15) 0.95 (1.37) <0.001
SDI score = 0 977 (58.1%) 673 (61.3%) 304 (52.0%) <0.001

Glucocorticoid use 1453 (86.3%) 929 (84.6%) 524 (89.4%) 0.006
Prednisone eq. dose (mg/day) 10.8 (8.7) 10.1 (8.5) 12.1 (8.8) <0.001

AMA use 1098 (64.8%) 1098 (100%) N/A N/A
Hydroxychloroquine 836 (49.6%) 836 (76.1%) N/A N/A

Chloroquine 265 (15.7%) 265 (24.1%) N/A N/A
Other antimalarial agents * 5 (0.3%) 5 (0.5%) N/A N/A

Hydroxychloroquine eq. dose (mg/day) 219.6 (183.5) 336.2 (111.0) N/A N/A
Immunosuppressants 816 (48.5%) 476 (43.4%) 340 (58.0%) <0.001

Azathioprine 389 (23.1%) 221 (20.1%) 168 (28.7%) <0.001
Methotrexate 231 (13.7%) 144 (13.1%) 87 (14.8%) 0.325

Mycophenolic acid 189 (11.2%) 104 (9.5%) 85 (14.5%) 0.002

Data are presented as numbers (percentage) or means (standard deviation). Statistically significant p-values
are indicated in bold. * Mepacrine, mepacrine hydrochloride, quinine sulphate. AMA: antimalarial agents;
SELENA-SLEDAI: Safety of Estrogens in Lupus National Assessment Systemic Lupus Erythematosus Disease
Activity Index; SDI: Systemic Lupus International Collaborating Clinics (SLICC)/American College of Rheumatology
(ACR) Damage Index. N/A: not applicable.

Patients receiving AMA were younger than patients who were not on AMA, whereas no difference
was seen in sex distributions. The groups had a similar composition of races/ethnic origins, with an
overall greater representation of white/Caucasian patients, followed by indigenous American, Asian
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and black/African American patients. SELENA-SLEDAI scores did not differ between the AMA groups
(9.6 ± 3.6 versus 10.0 ± 4.0; p = 0.145). AMA users (0.69 ± 1.15) had lower SDI scores compared with
AMA non-users (0.95 ± 1.37; p < 0.001), and a shorter disease duration (6.1 ± 6.2 versus 7.0 ± 6.6 years;
p = 0.007).

Fewer patients were on corticosteroids within the AMA group (84.6%) compared with AMA
non-users (89.4%; p = 0.006), and AMA users had lower average prednisone equivalent doses
(10.1 ± 8.5 versus 12.1 ± 8.8 mg/day; p < 0.001). Use of immunosuppressants was less frequent in AMA
users (43.4%) compared with non-users (58.0%; p < 0.001).

3.2. MOS SF-36

As delineated in Figure 1, SLE patients who received AMA reported higher SF-36 PCS
(39.6 ± 9.5 versus 38.1 ± 9.9; p = 0.001), physical functioning (61.1 ± 24.9 versus 55.0 ± 26.5; p < 0.001),
role physical (53.2 ± 26.9 versus 50.3 ± 27.7; p = 0.036) and bodily pain (49.5 ± 23.8 versus 47.1 ± 25.3;
p = 0.016) scores compared with patients who did not. Notably, only the difference in the physical
functioning subscale was greater than the corresponding MCID. There were no differences between
the AMA groups with regard to SF-36 MCS scores or SF-36 subscales scores representing the
mental compartment.

3.3. FACIT-Fatigue

Patients who received AMA (30.5 ± 11.8) reported better FACIT-Fatigue scores compared with
patients who did not (29.3 ± 11.9; p = 0.046), yielding, however, no greater difference than the MCID
(Figure 1).

3.4. EQ-5D

Patients in the AMA group reported higher EQ-5D VAS scores (64.6 ± 19.4) compared with
patients who did not receive AMA (61.7 ± 18.6; p < 0.001), but the difference was not clinically
important (<MCID; Figure 1). Accordingly, AMA users reported better EQ-5D utility index scores
(0.747 ± 0.185) than AMA non-users (0.720 ± 0.192; p = 0.004), but the difference did not reach the
MCID. We next analysed the different dimensions of the questionnaire separately: we used the
Pearson’s chi-square test to compare AMA groups in relation to patients reporting no problems versus
moderate or major problems. In this analysis, a higher proportion of patients reporting no problems
was seen among AMA users versus non-users with regard to mobility (60.0% versus 52.6%; odds
ratio, OR: 1.35; 95% confidence interval, CI: 1.10–1.66; p = 0.004), self-care (82.9% versus 78.1%;
OR: 1.35; 95% CI: 1.05–1.74; p = 0.020), usual activities (46.5% versus 37.8%; OR: 1.43; 95% CI:
1.16–1.76; p = 0.001) and anxiety/depression (47.6% versus 41.4%; OR: 1.29; 95% CI: 1.05–1.58; p = 0.015),
but not pain/discomfort (20.5% versus 18.9%; OR: 1.11; 95% CI: 0.86–1.43; p = 0.444) (Figure 2).
Finally, the proportion of patients experiencing “full-health state” was higher within AMA users
(14.1% versus 10.3%; OR: 1.44; 95% CI: 1.04–1.97; p = 0.026; Figure 1).
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Figure 1. Comparisons of HRQoL between AMA users and non-users. This figure illustrates
comparisons of HRQoL perceptions between patients with SLE who received AMA and patients
with SLE who did not. Heights of the boxes represent mean HRQoL item scores (A–E) or percentage
of patients (F), and whiskers indicate standard deviations. Vertical bidirectional arrows indicate
MCIDs. The forest plot in panel F illustrates the odds ratio (circle) and 95% confidence interval
(whiskers) of the corresponding comparison. Actual number of observations is indicated below the
bars. Asterisks indicate statistically significant associations. AMA: antimalarial agents; SLE: systemic
lupus erythematosus; HRQoL: health-related quality of life; FACIT-Fatigue: functional assessment
of chronic illness therapy-Fatigue; EQ-5D: EuroQol research foundation 5-dimension; VAS: visual
analogue scale; MCID: minimal clinically important difference.
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Figure 2. Response to EQ-5D dimensions in AMA users versus non-users. This figure illustrates
comparisons between the response of patients with SLE who received AMA and the response of patients
who did not receive AMA to the five different dimensions of the EQ-5D questionnaire, i.e., mobility
(A), self-care (B), usual activities (C), pain/discomfort (D) and anxiety/depression (E). Proportions of
patients reporting each one of the three levels (no problems, moderate problems, major problems)
are indicated by colour-coded sections (blue, yellow, red) within the bars. p-values are derived from
Pearson’s chi-square tests and signify comparisons of level 1 responders between AMA users and
non-users. The forest plots illustrate the odds ratio (circles) and 95% confidence interval (whiskers) of
the corresponding comparison. Actual number of observations is indicated below the bars. Asterisks
indicate statistically significant associations. AMA: antimalarial agents.

3.5. Associations with SF-36 Physical Functioning

We next selected HRQoL aspects where the difference between AMA users and non-users exceeded
the corresponding MCID, i.e., the SF-36 PF subscale, for further evaluation in relation to demographical
and disease-associated factors with confounding potentiality, employing linear regression analysis.

In multivariable analysis, use of AMA was associated with higher SF-36 PF scores (standardised
coefficient, β = 0.07; p = 0.002), independently of the other factors analysed (Figure 3). In the same
model, Asian ancestry was also associated with a healthier perception of SF-36 PF (β = 0.08; p = 0.002),
whereas African American origin (β = −0.07; p = 0.004), high SELENA-SLEDAI scores (β = −0.11;
p < 0.001) and high SDI scores (β = −0.11; p < 0.001) were associated with lower SF-36 PF scores.
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Figure 3. Association between AMA use and SF-36 physical functioning. The forest plots
illustrate results from linear regression analysis, employed to investigate the association between
AMA use (covariate) and SF-36 physical functioning (outcome), in relation to demographical and
disease-specific factors. Factors showing statistically significant associations in univariable analysis
were next included in a multivariable model. The dark blue circles represent the un-standardised
coefficients, and the whiskers represent the 95% confidence intervals. The red diamonds represent the
standardised coefficients. Asterisks indicate statistically significant associations. SF-36: short-form 36;
PF: physical functioning; SLE: systemic lupus erythematosus; SELENA-SLEDAI: Safety of Estrogens
in Lupus National Assessment SLE Disease Activity Index; SDI: Systemic Lupus International
Collaborating Clinics/American College of Rheumatology Damage Index; IS: immunosuppressive;
AMA: antimalarial agents.

3.6. Stratification into Subgroups Based on Organ-Specific Activity

We next studied the impact of AMA use on HRQoL in SLE patients with active (BILAG A or B)
mucocutaneous, musculoskeletal and renal disease. Similar to the findings in the total study population,
patients with active mucocutaneous SLE who received AMA reported higher scores than patients
who did not receive AMA in the SF-36 PCS and three of four physical subscales, i.e., PF, RP and BP,
as well as SF from the mental compartment of SF-36; however, only the difference in the PF subscale
was clinically important (Table 2). Among patients with active musculoskeletal manifestations, AMA
users reported higher SF-36 PF scores (55.34 ± 24.10) than AMA non-users (49.98 ± 26.06; p = 0.002),
and this difference exceeded the MCID (Table 3). Distributions of scores did not differ between the
AMA groups in any other SF-36 subscale or component summaries (p = not significant, ns for all).
Among patients with active renal SLE, AMA users reported higher scores than patients who did
not receive AMA, exceeding the MCID in the SF-36 BP from the physical compartment, and the SF
and RE subscales from the mental compartment, but none of these differences reached statistical
significance (Table 4).
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Table 2. Comparisons of HRQoL between AMA users and non-users in patients with active
mucocutaneous disease.

HRQoL Items AMA Users AMA Non-Users p Value MCID

Number of Patients 638 353

SF-36

Physical component summary 39.63 (9.31) 37.82 (9.76) 0.006 No
Mental component summary 40.60 (11.44) 40.02 (10.82) 0.448 No

Physical functioning 61.46 (24.71) 54.16 (26.58) <0.001 Yes
Role physical 52.51 (26.59) 49.00 (27.52) 0.033 No
Bodily pain 48.81 (22.71) 46.17 (24.82) 0.038 No

General health 41.40 (19.22) 40.98 (18.09) 0.763 No
Vitality 43.86 (21.34) 41.91 (21.33) 0.175 No

Social functioning 60.63 (25.14) 57.01 (25.01) 0.043 No
Role emotional 61.13 (27.44) 58.96 (27.07) 0.165 No
Mental health 59.20 (20.19) 57.60 (19.31) 0.245 No

FACIT-Fatigue

Score 30.32 (11.74) 28.87 (12.09) 0.077 No

EQ-5D

Utility index 0.747 (0.173) 0.716 (0.189) 0.003 No
VAS 65.10 (19.27) 60.53 (18.99) <0.001 No

EQ-5D Dimensions

Mobility
L 1 377 (60.2%) 169 (49.4%)

0.001 N/AL 2 249 (39.8%) 172 (50.3%)
L 3 0 (0%) 1 (0.3%)

Self-care
L 1 518 (82.9%) 261 (75.9%)

0.009 N/AL 2 103 (16.5%) 78 (22.7%)
L 3 4 (0.6%) 5 (1.5%)

Usual activities
L 1 281 (44.9%) 118 (34.3%)

0.001 N/AL 2 331 (52.9%) 213 (61.9%)
L 3 14 (2.2%) 13 (3.8%)

Pain or discomfort
L 1 116 (18.6%) 58 (16.9%)

0.510 N/AL 2 460 (73.6%) 248 (72.1%)
L 3 49 (7.8%) 38 (11.0%)

Anxiety or depression
L 1 295 (47.1%) 132 (38.4%)

0.009 N/AL 2 295 (47.1%) 196 (57.0%)
L 3 36 (5.8%) 16 (4.7%)

Full-health state 77 (12.3%) 34 (9.9%) 0.262 N/A

Data are presented as means (standard deviation (SD)) or numbers (percentage). In comparisons of SF-36,
FACIT-Fatigue, EQ-5D utility index and EQ-5D VAS scores, p-values are derived from Mann-Whitney U tests.
In comparisons of EQ-5D dimensions, p-values are derived from Pearson’s chi-square tests and signify comparisons
between AMA groups in relation to patients reporting no problems (level 1) versus moderate or major problems (level
2 and level 3 combined). Statistically significant p-values and differences exceeding the MCID are indicated in bold.
AMA: antimalarial agents; MCID: minimal clinically important difference; SF-36: Short Form-36; FACIT: Functional
Assessment of Chronic Illness Therapy; EQ-5D: EuroQol 5 Dimensions; VAS: visual analogue scale; L: level; N/A:
not applicable.
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Table 3. Comparisons of HRQoL between AMA users and non-users in patients with active
musculoskeletal disease.

HRQoL Items AMA Users AMA Non-Users p Value MCID

Number of Patients 363 372

SF-36

Physical component summary 37.18 (9.12) 35.95 (8.99) 0.042 No
Mental component summary 40.22 (11.39) 40.08 (11.58) 0.903 No

Physical functioning 55.34 (24.10) 49.98 (26.06) 0.002 Yes
Role physical 48.87 (25.78) 46.27 (25.87) 0.131 No
Bodily pain 43.26 (21.24) 40.96 (22.31) 0.053 No

General health 38.89 (18.83) 39.94 (17.45) 0.298 No
Vitality 40.16 (21.53) 39.45 (21.05) 0.584 No

Social functioning 56.91 (25.85) 55.01 (24.47) 0.361 No
Role emotional 59.33 (27.46) 57.40 (27.77) 0.207 No
Mental health 58.54 (19.68) 57.80 (20.50) 0.654 No

FACIT-Fatigue

Score 28.37 (11.93) 27.22 (11.96) 0.167 No

EQ-5D

Utility index 0.706 (0.182) 0.684 (0.195) 0.080 No
VAS 61.76 (19.91) 59.21 (18.28) 0.042 No

EQ-5D Dimensions

Mobility
L 1 318 (50.5%) 157 (43.9%)

0.045 N/AL 2 311 (49.4%) 200 (55.9%)
L 3 1 (0.2%) 1 (0.3%)

Self-care
L 1 491 (78.2%) 258 (71.9%)

0.026 N/AL 2 132 (21.0%) 98 (27.3%)
L 3 5 (0.8%) 3 (0.8%)

Usual activities
L 1 230 (36.7%) 111 (31.0%)

0.072 N/AL 2 374 (59.6%) 224 (62.6%)
L 3 23 (3.7%) 23 (6.4%)

Pain or discomfort
L 1 66 (10.5%) 31 (8.6%)

0.345 N/AL 2 489 (77.7%) 276 (76.9%)
L 3 74 (11.8%) 52 (14.5%)

Anxiety or depression
L 1 261 (41.4%) 147 (40.8%)

0.855 N/AL 2 326 (51.7%) 188 (52.2%)
L 3 43 (6.8%) 25 (6.9%)

Full-health state 43 (6.8%) 20 (5.6%) 0.431 N/A

Data are presented as means (SD) or numbers (percentage). In comparisons of SF-36, FACIT-Fatigue, EQ-5D
utility index and EQ-5D VAS scores, p-values are derived from Mann-Whitney U tests. In comparisons of EQ-5D
dimensions, p-values are derived from Pearson’s chi-square tests and signify comparisons between AMA groups in
relation to patients reporting no problems (level 1) versus moderate or major problems (level 2 and level 3 combined).
Statistically significant p-values and differences exceeding the MCID are indicated in bold. AMA: antimalarial
agents; MCID: minimal clinically important difference; SF-36: Short Form-36; FACIT: Functional Assessment of
Chronic Illness Therapy; EQ-5D: EuroQol 5 Dimensions; VAS: visual analogue scale; L: level; N/A: not applicable.
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Table 4. Comparisons of HRQoL between AMA users and non-users in patients with active renal disease.

HRQoL Items AMA Users AMA Non-Users p Value MCID

Number of Patients 112 67

SF-36

Physical component summary 40.70 (9.88) 39.39 (11.87) 0.471 No
Mental component summary 41.44 (10.89) 39.54 (11.42) 0.288 No

Physical functioning 60.69 (26.23) 57.93 (28.50) 0.547 No
Role physical 56.10 (28.05) 52.33 (31.74) 0.503 No
Bodily pain 54.42 (26.78) 49.28 (31.18) 0.149 Yes

General health 43.19 (20.16) 40.34 (19.56) 0.309 No
Vitality 46.27 (22.28) 44.40 (24.19) 0.516 No

Social functioning 62.39 (25.14) 56.90 (26.68) 0.138 Yes
Role emotional 63.58 (25.69) 57.90 (27.58) 0.183 Yes
Mental health 59.99 (19.73) 57.87 (19.89) 0.545 No

FACIT-Fatigue

Score 32.19 (11.64) 30.03 (13.11) 0.357 No

EQ-5D

Utility index 0.768 (0.206) 0.733 (0.221) 0.286 No
VAS 65.61 (21.59) 59.86 (19.48) 0.041 No

EQ-5D Dimensions

Mobility
L 1 69 (63.9%) 35 (53.0%)

0.156 N/AL 2 39 (36.1%) 31 (47.0%)
L 3 0 (0%) 0 (0%)

Self-care
L 1 84 (78.5%) 54 (81.8%)

0.598 N/AL 2 22 (20.6%) 12 (18.2%)
L 3 1 (0.9%) 0 (0%)

Usual activities
L 1 52 (48.6%) 30 (45.5%)

0.688 N/AL 2 54 (50.5%) 32 (48.5%)
L 3 1 (0.9%) 4 (6.1%)

Pain or discomfort
L 1 33 (30.8%) 22 (33.3%)

0.732 N/AL 2 63 (58.9%) 35 (53.0%)
L 3 11 (10.3%) 9 (13.6%)

Anxiety or depression
L 1 59 (54.6%) 23 (34.8%)

0.011 N/AL 2 45 (41.7%) 37 (56.1%)
L 3 4 (3.7%) 6 (9.1%)

Full-health state 27 (25.0%) 13 (19.7%) 0.420 N/A

Data are presented as means (SD) or numbers (percentage). In comparisons of SF-36, FACIT-Fatigue, EQ-5D
utility index and EQ-5D VAS scores, p-values are derived from Mann-Whitney U tests. In comparisons of EQ-5D
dimensions, p-values are derived from Pearson’s chi-square tests and signify comparisons between AMA groups in
relation to patients reporting no problems (level 1) versus moderate or major problems (level 2 and level 3 combined).
Statistically significant p-values and differences exceeding the MCID are indicated in bold. AMA: antimalarial
agents; MCID: minimal clinically important difference; SF-36: Short Form-36; FACIT: Functional Assessment of
Chronic Illness Therapy; EQ-5D: EuroQol 5 Dimensions; VAS: visual analogue scale; L: level; N/A: not applicable.

FACIT-Fatigue scores did not differ between AMA groups in any of the three subgroups
studied. Among patients with mucocutaneous BILAG A or B, AMA users reported lower EQ-5D
VAS (65.10 ± 19.27 versus 60.53 ± 18.99; p < 0.001) and utility index (0.747 ± 0.173 versus 0.716 ± 0.189;
p = 0.003) scores compared with AMA non-users. These differences did not reach the level of MCID
(Table 2). Among subjects with active musculoskeletal (Table 3) and renal (Table 4) disease, EQ-5D
utility index scores did not differ between the AMA groups (p = ns for all), and the differences in
EQ-5D VAS scores did not reach the level of MCID.

Notably, a higher proportion of AMA users versus non-users reported no problems within
the mobility (60.2% versus 49.4%; OR: 1.55; 95% CI: 1.12–2.02; p = 0.001), self-care (82.9% versus
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75.9%; OR: 1.54; 95% CI: 1.12–2.13; p = 0.009), usual activities (44.9% versus 34.3%; OR: 1.56; 95%
CI: 1.19–2.05; p = 0.001) and anxiety/depression (47.1% versus 38.4%; OR: 1.43; 95% CI: 1.10–1.87;
p = 0.009) EQ-5D dimensions among patients with active mucocutaneous disease, and within mobility
(50.5% versus 43.9%; OR: 1.31; 95% CI: 1.01–1.69; p = 0.45) and self-care (78.2% versus 71.9%; OR: 1.40;
95% CI: 1.04–1.89; p = 0.026) among patients with active musculoskeletal disease. By contrast, in the
active renal subgroup, proportions differed only in the anxiety/depression dimension (54.6% versus
34.8%; OR: 2.25; 95% CI: 1.20–4.24; p = 0.011).

4. Discussion

In the present post-hoc analysis of the BLISS-52 and BLISS-76 trials, we demonstrated that patients
with active SLE receiving AMA reported better physical functioning than patients who were not on
AMA. This association was clinically important, and independent of age, ethnic origin, disease activity
and organ damage accrual. Furthermore, AMA users reported more favourable perceptions of mobility,
ability to carry out self-care and usual activities, and level of anxiety or depression. Notably, a greater
proportion of patients among AMA users experienced a full-health state, defined as no problems in all
dimensions of the EQ-5D questionnaire.

In patients with SLE, AMA have been coupled with numerous beneficial effects, including
reductions in disease activity, organ damage accrual and flare rates, as well as prolonged patient
survival [8–10]. Mechanisms involved in the immunomodulatory effects of AMA include an altered
peptide processing in antigen-presenting cells, reduced B cell activity and altered binding of
anti-phospholipid antibody-β2-glycoprotein I complexes to phospholipid bilayers [34,35]. In the
present study, we confirmed that SLE patients using AMA had accrued less organ damage and were on
lower prednisone doses compared with patients not treated with AMA. Importantly, our study was not
designed to address causality, and these observations could be explained, at least partly, by the fact that
AMA users were younger and had a shorter SLE disease duration at the time of assessment. The rather
low proportion of patients on AMA treatment (65%) signifies that the need for increased awareness of
the favourable effects of AMA and for alignment with current recommendations [7] remains.

With regard to HRQoL, data on the impact of AMA have been scarce and conflicting. In one
study comprising 277 SLE patients from Peru, past and current use of AMA was associated with
a better perception of physical health, burden to others and body image [13], as assessed using the
LupusQoL, an SLE-specific questionnaire for self-reported HRQoL [36]. In a Swedish cohort of 69
SLE patients with active disease, selected for treatment with biological agents, i.e., belimumab or
rituximab, patients receiving AMA performed better in social functioning and mental health [12],
based on self-reports using the SF-36 health survey [19]. By contrast, in a post-hoc analysis of the PLUS
trial, a trial of hydroxychloroquine that comprised 166 SLE patients with low and stable disease activity,
hydroxychloroquine concentrations were not associated with scores in any of the SF-36 component
summaries or subscales, either at baseline or at month 7 [14]. Discrepancies in the different cohorts
may be due to different disease phenotypes among the study participants. For example, patients
selected for biological therapy in the aforementioned Swedish study had a more active disease, with
an overrepresentation of active renal SLE, as opposed to the quiescent SLE cohort of the PLUS trial.
Another explanation could be traced to the different instruments used to evaluate HRQoL. While generic
indices provide information that has the advantage of being directly comparable with that of the
general population and other disorders, disease-specific indices are expected to be more sensitive to
change and perform better in discriminating across distinct subgroups of patients [37]. In this respect,
the sole use of generic instruments in the present study may have contributed to omission of important
disease-associated and disease-specific attributes that potentially influence the inventories and could
be better captured by SLE-specific HRQoL questionnaires, such as the LupusQoL [36].

The BLISS populations included in this post-hoc analysis consisted of SLE patients with
active disease despite standard of care treatment, with a high prevalence of mucocutaneous and
musculoskeletal involvement. In the total study population, use of AMA was associated with better
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HRQoL perceptions in physical aspects of the SF-36, but the differences between AMA groups were
moderate and only that in the physical functioning subscale exceeded the threshold of minimal
clinically important difference. In the same fashion, the observed statistically significant difference in
FACIT-Fatigue scores favouring the use of AMA was not clinically important. Lastly, differences in
favour of AMA were also observed in the EQ-5D dimensions of mobility, self-care and usual activities.
Although no MCIDs have to date been validated for the EQ-5D dimensions, patients using AMA had
a 1.4-fold increased chance to report no problems in each one of the three aforementioned dimensions.
It should be mentioned that factors such as concomitant medications, especially glucocorticoids, and
SLE disease activity, as well as common comorbid conditions with immense impact on levels of pain
and fatigue, such as fibromyalgia, may have influenced our findings. Comparisons yielding clinically
important differences in HRQoL perception in AMA users versus non-users qualified for further
exploration of independence and confounding potentiality. Importantly, glucocorticoid doses and use
of immunosuppressants were not found to impact physical functioning, and the favourable impact of
AMA use on physical functioning was independent of the negative impact of age, disease activity and
organ damage in multivariable linear regression analysis.

Patients with SLE and mucocutaneous or musculoskeletal involvement suffer from a higher
degree of HRQoL diminutions than SLE patients with other manifestations, especially regarding
physical aspects [4]. When we herein analysed these subgroups of patients independently, AMA
use was associated with more favourable perceptions in physical aspects of HRQoL, including SF-36
physical functioning and EQ-5D mobility, self-care and usual activities. Furthermore, patients with
active mucocutaneous manifestations who received AMA also reported a better health profile in the
anxiety or depression EQ-5D dimension compared with patients who did not. These findings further
support current treatment recommendations, which advocate that patients with mucocutaneous and
musculoskeletal involvement might particularly benefit from treatment with AMA. Currently, AMA
remain the first-line systemic therapy for cutaneous SLE [7,38], and are considered an effective option
for the management of lupus polyarthritis [35].

An observation of particular interest was that, in contrast to the entire study population and
the subgroups of active mucocutaneous and musculoskeletal SLE, patients with active renal disease
benefited from AMA regarding perceptions of mental HRQoL. These differences were found to
be clinically important with respect to SF-36 social functioning and role emotional, and yielded
a 2.3-fold increased chance to report no problems in the EQ-5D anxiety or depression dimension.
These observations are in line with the aforementioned Swedish study of SLE patients, in which lupus
nephritis was the most frequent clinical phenotype, showing that AMA users reported better scores
than non-users in SF-36 social functioning and mental health [12]. The lack of statistical significance
in some of the differences in mental HRQoL aspects in the present study may be due to the fact that
patients with severe active lupus nephritis were, as per study protocol, excluded from the BLISS trials,
resulting in a relatively low number of patients in the renal subgroup analysis, and, reasonably, a rather
moderate renal activity in these patients. Further investigation of the impact of AMA on HRQoL in
renal SLE is merited.

Despite the widely known benefits of AMA on SLE disease activity and course, non-adherence
remains a major problem [14,39,40]. Costedoat-Chalumeau et al. found that the most common reasons
for AMA treatment discontinuation by patient initiative included the perception of AMA not being an
effective treatment and apprehension about potential side-effects [41]. This may be partially explained
by the fact that the long-term benefits of AMA, which constitute a main reason for prescription, do not
have a direct impact on SLE patients’ perception of health status. Indeed, while AMA prescription by
physicians is predominantly steered by evidence with regard to both organ-specific and long-term
benefits, the latter including atheroprotective effects and reduced flare rates [1,6], patients’ principal
concerns have been shown to be related to their ability to perform physical and usual activities, as well
as the degree of fatigue and pain [42]. In recent years, including patient-reported outcomes in shared
therapeutic decision-making between physician and patient has received increasing embracement in all
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medical fields [43]. In this regard, our findings contribute with further evidence on the beneficial effects
of AMA on SLE patients’ HRQoL and may provide support to motivate adherence to AMA therapy.

The cross-sectional design of our study constituted a major limitation. For example, it limited
us from exploring a potential causality in the relationship between AMA use and HRQoL benefits.
Furthermore, no quantification of blood AMA concentrations was attempted in the BLISS trials.
Thus, medication non-adherence may have resulted in unintentional inaccuracies in our findings,
which therefore have to be interpreted with caution. Information about comorbid conditions with
confounding potentiality, such as fibromyalgia, was not available. Finally, patients with severe active
lupus nephritis and neuropsychiatric SLE were excluded from the BLISS trials, and the conclusions
of this study should therefore not be extrapolated to these patient subgroups. Nonetheless, the
strengths of this investigation included the large study population, the diversity of patients enrolled
from 32 different countries, the variety of instruments utilised to evaluate HRQoL and the extensive
availability of homogeneous data in the BLISS-52 and BLISS-76 trials that allowed us to pool the two
cohorts and adjust for multiple factors. To our knowledge, to date, this is the largest analysis of AMA
use in relation to HRQoL in patients with SLE.

5. Conclusions

In the present cohort of 1684 patients with active SLE, mainly comprising patients with active
mucocutaneous and musculoskeletal disease, we observed a clinically important benefit of AMA use
with respect to physical functioning. Importantly, this effect was not impacted by patients’ age, ethnic
origin, SLE disease activity or organ damage accrual. A particular benefit of AMA use on mental
aspects of HRQoL was observed in the subgroup of patients with active renal disease. Results from
this investigation provide further support in motivating adherence to AMA therapy. Exploration of
a potential causality in the relationship between AMA use and favourable HRQoL in people living
with SLE has merit.
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Abstract: While the management of pregnant patients with systemic lupus erythematosus (SLE)
has improved over the last decades, the risk of maternal, foetal, and neonatal complications is
still substantial. We evaluated the occurrence of adverse pregnancy outcomes (APO) occurring in
2002–2018 among patients with SLE from the catchment area of the Department of Rheumatology
in Lund, Sweden. Longitudinal clinical and laboratory data were collected and analysed. Results
were stratified according to the sequence of conception. We investigated a total of 59 pregnancies
in 28 patients. Prior lupus nephritis was the clinical feature that, in a multivariable regression
analysis, displayed the strongest association with APO overall (OR 6.0, p = 0.02). SLE combined
with antiphospholipid syndrome (APS) was associated with the risk of miscarriage (OR 3.3, p = 0.04).
The positivity of multiple antiphospholipid antibodies (aPL) was associated with APO overall (OR 3.3,
p = 0.05). IgG anti-cardiolipin during pregnancy resulted in a higher risk of preterm delivery (OR 6.8,
p = 0.03). Hypocomplementaemia was associated with several APO, but only in the first pregnancies.
We conclude that, despite the close follow-up provided, a majority of pregnancies resulted in ≥1 APO,
but a few of them were severe. Our study confirms the importance of previous lupus nephritis as a
main risk factor for APO in patients with SLE.

Keywords: SLE; pregnancy; conception; adverse pregnancy outcomes; maternal and foetal
complications; Lupus nephritis; antiphospholipid syndrome; risk factors

1. Introduction

Systemic lupus erythematosus (SLE) is a systemic autoimmune disease that often affects fertile
women. Adverse pregnancy outcomes (APO), commonly grouped into maternal and foetal/neonatal
complications, occur in the obstetric general population. Pregnant SLE patients are at increased risk of
both maternal and foetal/neonatal APO [1,2]. In the past, patients with SLE have been advised and
warned from getting pregnant and giving birth, due to the high risk of severe complications for both
the mother and the offspring. In recent times, modern treatment strategies and established preventive
measures have led to less risk of APO, but there is more to be done to keep the risk as low as in the
obstetric population.
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Maternal APO observed in SLE include increased disease activity, pre-eclampsia, eclampsia and
Haemolysis, Elevated Liver enzymes and Low Platelet count (HELLP) syndrome, as well as obstetrical
complications, such as preterm labour, unplanned Caesarean delivery, and conditions related to
pre-eclampsia [3–5]. Foetal and neonatal complications frequently associated with SLE are miscarriage,
stillbirth, intrauterine growth restriction (IUGR), neonatal lupus erythematosus (NLE), congenital
heart block, and prematurity [6–8]. Moreover, women with SLE are at increased risk of foetal loss
around the 10th gestational week, particularly in the presence of active SLE, active lupus nephritis
(LN), or concomitant antiphospholipid syndrome (APS) [9]. However, a decline in the risk of foetal
loss in SLE has been reported over the last decades [9–12]. Up to 30% of pregnancies in SLE patients
are complicated by IUGR and small-for-gestational-age (SGA) newborns, compared to approximately
10% of pregnancies in the general obstetric population [13,14]. Lower birth weight at any gestational
age is also more prevalent among the offspring of SLE patients [15]. Pre-eclampsia is one of the most
frequent maternal APO in SLE, occurring in 16% to 30%, compared with 5% of pregnancies in the
general obstetric population [16,17]. Poorly controlled SLE, a history of LN, low levels of complement
proteins, and thrombocytopenia have been identified as risk factors for pre-eclampsia in SLE [16,18,19].
The role played by the antiphospholipid antibodies (aPL) in the occurrence of pre-eclampsia is still
controversial [16,19]. Active SLE, previous LN, presence of APS or aPL, and thrombocytopenia have
been suggested as predictors, as well as putative risk factors of other APO [16,20–22], but studies are
needed to evaluate this further.

The study aimed to contribute to the field of knowledge with a report of real-world longitudinal data
from one single tertiary referral rheumatology centre in southern Sweden, where a multi-professional
follow-up of pregnant SLE patients has been carried out since 2002. In particular, we aimed to assess
the occurrence of APO in our cohort and how some established and putative SLE-related risk factors
may predict the pregnancy outcomes.

2. Methods

2.1. Patients and Clinical Follow-Up

In patients affected by SLE, from the catchment area of Skåne University Hospital, Sweden,
we investigated the outcome of all the pregnancies occurred between 2002 and 2018. Each included
patient fulfilled the 1997 American College of Rheumatology (ACR) and/or the 2012 Systemic Lupus
International Collaborating Clinics (SLICC) classification criteria [23,24] and was regularly followed at
the Department of Rheumatology, since the time-point of diagnosis. All patients had consented to join
a prospective follow-up program, intending to improve care of SLE patients and to identify clinical and
laboratory features that could be used as a marker or a predictor of complications and exacerbations of
the disease. Patients were followed longitudinally with scheduled visits every 60 ± 20 days and extra
visits in case of disease flares. An extensive set of clinical and laboratory variables were registered in a
database tailored for the study. Serum samples were collected regularly, also before and after the date
of clinical assessment.

Whenever pregnant, the patients underwent multi-professional follow-up, with recurrent visits
at the local antenatal clinic, often in presence of one of the health professionals responsible for the
regular follow-up at the rheumatology department. After informed consent from the pregnant patients,
we gathered the relevant clinical features and laboratory data already recorded in the local SLE
database, to define the clinical phenotype of each patient [25], as well as the data recorded during
each and every gestation that occurred during the study period, including the medical records from
obstetrics and neonatal units concerning all the maternal and perinatal outcomes. Concomitant APS,
meeting the Sydney classification criteria [26], was accounted for only if APS had been recognized
before conception.

Disease activity and acquired organ damage were assessed using the SLEDAI-2000
(SLEDAI-2K) [27] and the SLICC/ACR damage index (SDI) [28], respectively. A SLEDAI-2K score
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of ≥4 was recorded as “active SLE”. To the purpose of this study, we gathered the SLEDAI-2K scores
determined at 6-months before conception, at each trimester, and at 6-months post-pregnancy, as well as
the SDI scores determined at 1 year before conception and at 1 year after termination of each gestation.

To account for systematic bias, we analysed all the first pregnancies occurring after the diagnosis
of SLE apart from the remaining pregnancies. Women who had been pregnant up to 12 months
before the time-point of SLE diagnosis were not suitable for the “first pregnancy group” but for the
“subsequent pregnancy” group. Identical statistical analyses were employed separately in these two
subgroups, as well as in the pooled data of all pregnancies.

2.2. APO

We collected data concerning the following maternal complications, documented during the
investigated pregnancies: gestational hypertension, pre-eclampsia (or eclampsia or HELLP syndrome),
preterm delivery (<37th gestational week), and gestational diabetes.

We assessed the occurrence of the following foetal/neonatal complications: foetal loss, defined as
early miscarriage (occurring before 10th week of gestation), or late miscarriage (occurring between the
10th and 24th week of gestation), or intrauterine foetal death (IUFD) (occurring at >24th gestational
weeks); stillbirth; IUGR (a foetus not reaching its target weight based on sonographic estimated foetal
weight); SGA newborns (weight and length at birth below 10th percentile for gestational age); low birth
weight (LBW-below 2500 gram, regardless of gestational age); congenital heart block and NLE.

2.3. Risk Factors

We investigated the role of SLE-related clinical and immunological features as putative risk factors
for the development of APO. The following clinical features were assessed and gathered as binary
variables (yes/no): concomitant APS (recognized before the time of conception) and history of LN
(documented by renal biopsy). In addition, acknowledged risk factors for APO in the general obstetric
population were studied, such as smoking habits (tobacco smoking; ever or current), obesity (body
mass index >30) and age ≥35 years at the time of conception [29].

The following immunological findings were gathered as binary variables (yes/no) and grouped
as “ever present”, “present 1-year before conception” and “present during pregnancy”: presence
of anti-dsDNA, anti-Ro/SSA, anti-La/SSB, anti-cardiolipin (aCL, IgG isotype), anti-β2-glycoprotein-I
(anti-β2GPI, IgG isotype), lupus anticoagulant (LA) test and hypocomplementaemia (decreased levels
of complement proteins: C3 and/or C4 and/or C1q).

The assessments were made at the local clinical immunology laboratory, according to the validated
assays and methods in current use at the time of evaluation.

2.4. Statistics

Statistical analyses were performed with SPSS Statistics, version 25.0 (IBM, Armonk, NY, USA)
and GraphPad Prism, version 6.07 (GraphPad Software, La Jolla, CA, USA). Median values were
calculated for continuous variables. Other variables were presented as binary categorical variables,
apart from the SLEDAI-2K and SDI scores, collected as continuous variables and presented (mean ± SD)
in a Box-whisker plots graph. To handle with repeated measurements during each gestation and with
data collected from recurrent gestations in the same patient, we used Generalized Estimating Equation
(GEE) to assess the association between potential risk factors and outcomes (APO). A p-value of <0.05
was considered significant. Potential risk factors for developing any APO in each studied pregnancy
were examined also by logistic regression analysis (univariate and multivariable). All the significant
associations in the univariate model were included in the multivariable analysis. No corrections for
multiple comparisons were made, but by reporting the exact p-values, we enable this by any preferred
method [30].
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2.5. Ethical Considerations

Oral and written informed consent was obtained from all participants. The study protocol was
approved by the regional ethics board in Lund (Dnr: LU 378–02).

3. Results

Twenty-eight patients affected by SLE experienced 1–5 gestations each during the study period.
We totally investigated 59 pregnancies, whereof 26 were categorised as “1st pregnancies”. The remaining
2 patients had had≥1 gestation before the onset of SLE; therefore, only their subsequent pregnancies were
recorded. Twenty-one patients accounted for the 33 “subsequent pregnancies”. Overall, 61 embryos
were conceived, being 2 out of the 59 gestations multiple (3.4%) with twins.

All recorded demographic data, clinical manifestations, immunological features, and pharmacological
therapy concerning the included patients are summarized in Tables 1 and 2.

Table 1. Characteristics and descriptive data of the studied pregnancies (n= 59) in included patients (n= 28).

Variable Value Range or Percent (%)

Caucasian race/ethnicity, n/total 27/28 96.4%

Age at SLE diagnosis, median (years) 20.5 10–33

Age at time of conception, median (years) 31 22–41

Disease duration at time of conception, median (years) 10 0–25

BMI at time of conception, median (kg/m2) 23.5 19–33

Ever smoked tobacco before conception, n/total 10/48 20.8%

Ever treated with antihypertensives, n/total 12/59 20.3%

Diabetes mellitus, n/total 0/59 0%

Pregnancies with prior APS, n/total 19/59 32.2%

2012 SLICC criteria [23] In 28 patients (%) In 59 pregnancies (%)

Acute cutaneous lupus, n (%) 17 (60.7) 34 (57.6)

Chronic cutaneous lupus, n (%) 4 (14.3) 6 (10.2)

Oral ulcers, n (%) 7 (25) 12 (20.3)

Non-scarring alopecia, n (%) 8 (28.6) 10 (16.9)

Synovitis, n (%) 27 (96.4) 58 (98.3)

Serositis, n (%) 9 (32.1) 16 (27.1)

Renal, n (%) 15 (53.6) 36 (61.0)

Neurologic, n (%) 6 (21.4) 13 (22.0)

Haemolytic anaemia, n (%) 3 (10.7) 7 (11.9)

Leukopenia, n (%) 18 (64.3) 41 (69.5)

Lymphopenia, n (%) 25 (89.3) 54 (91.5)

Thrombocytopenia, n (%) 11 (39.3) 20 (33.9)

ANA, n (%) 28 (100) 59 (100)

Anti-Sm antibody, n (%) 5 (17.9) 13 (22.0)

Anti-dsDNA antibody, n (%) 17 (60.7) 35 (59.3)

Antiphospholipid antibodies *, (%) n 17 (60.7) 38 (64.4)

Low complement, n (%) 25 (89.3) 40 (67.8)

Positive direct Coombs’ test in the absence of haemolytic anaemia, n (%) 5 (17.9) 10 (16.9)

* With or without APS diagnosis; ANA, antinuclear antibodies; APS, antiphospholipid syndrome; BMI, Body
Mass index.
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Table 2. Pharmacotherapy and immunological features in the study population.

Ever
Documented

Up to 1 Year before
Pregnancy

During Pregnancy

Pharmacotherapy Total (n = 59)
Total

(n= 59)
FP

(n= 26)
SP

(n= 33)
Total

(n= 59)
FP

(n= 26)
SP

(n= 33)

<15 mg prednisolone 28 14 14 30 14 16

≥15 mg prednisolone 2 2 0 9 5 4

Antimalarials 50 47 21 26 44 20 24

Azathioprine 41 31 14 17 31 14 17

Mycophenolate mofetil 19 1 1 0 0 0 0

Cyclophosphamide 15 0 0 0 0 0 0

Cyclosporine 6 0 0 0 0 0 0

Tacrolimus 3 0 0 0 0 0 0

Protein A * 3 0 0 0 0 0 0

Intravenous immunoglobulin 4 0 0 0 1 1 0

Biologics 0 0 0 0 0 0 0

Methotrexate 2 0 0 0 0 0 0

Warfarin 10 7 3 4 0 0 0

LMWH 17 1 1 0 17 6 11

Acetylsalicylic acid 18 16 7 9 34 12 22

Immunological data

Anti-dsDNA, n/total (%) 35/59 (59.3) 12/55 (21.8) 17/51 (33.3)

Anti-Ro/SSA, n/total (%) 14/59 (23.7) 12/53 (22.6) 13/51 (25.5)

Anti-La/SSB, n/total (%) 13/59 (22.0) 10/53 (18.9) 12/51 (23.5)

Anti-cardiolipin, n/total (%) 38/59 (64.4) 12/54 (22.2) 5/51 (9.8)

Anti-β2-GPI, n/total (%) 15/59 (25.4) 8/52 (15.4) 9/51 (17.6)

LA test, n/total (%) 16/54 (29.6) 4/22 (18.2) 5/41 (12.2)

Low C3, n/total (%) 40/59 (67.8) 22/53 (41.5) 20/51 (39.2)

Low C4, n/total (%) 38/59 (64.4) 24/53 (45.3) 21/51 (41.2)

Low C1q, n/total (%) 35/53 (66.0) 12/53 (22.6) 26/51 (51.0)

* Immune-adsorption Staphylococcal protein A; aCL, anti-cardiolipin antibody; anti-β2-GPI, anti-β2-glycoprotein I
antibody; FP, first pregnancy after SLE diagnosis; IVIG, intravenous immunoglobulin; LA, lupus anticoagulant test;
LMVH, low molecular-weight heparin; SP, subsequent pregnancy.

3.1. APO

At least 1 APO complicated 33 pregnancies (56%) in 18 patients (64%). A total of 44 gestations
(75%) ended with delivery, whereof 8 (18%) were preterm. No post-term deliveries were recorded.
As shown in Table 3, pre-eclampsia (25%), preterm deliveries (18%), and Caesarean Section (30%) were
the most common maternal APO.

Regarding foetal/neonatal adverse outcomes, we observed 13 cases (22%) of early foetal loss,
but no cases of late miscarriage, IUFD, or stillbirth. Restricted foetal growth (IUGR and/or, SGA,
and/or LBW) was recorded in 13 pregnancies (30%). One case (1.7%) of NLE and no congenital heart
block was observed.

Among the 26 “1st pregnancies”, 22 (85%) ended with delivery and 4 with early miscarriage.
A total of 11 of these 22 deliveries (50%) were complicated with ≥1 APO. The 33 “subsequent
pregnancies” resulted in 22 (66%) deliveries, 9 (27%) early miscarriage and 2 (6%) induced abortions.
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Seven deliveries (32%) were complicated with ≥1 APO. Further details concerning types of APO
observed are summarized in Table 3. The incidence of APO over time decreased around 10%, despite
about 2/3 of the investigated pregnancies were recorded during the period 2010–2018, as illustrated in
Table 4.

Table 3. Maternal and foetal adverse pregnancy outcomes (divided by pregnancy number in the case
of early outcome, or by number of deliveries in the case of late outcome).

APO in All Pregnancies
(n = 59)

APO in FP
(n = 26)

APO in S
(n = 33)

Maternal APO

Pre-eclampsia, n/total (%) 11/44 (25) 6/22 (27) 5/22 (23)

Eclampsia, n/total (%) 0/44 (0) 0/22 (0) 0/22 (0)

HELLP syndrome, n/total (%) 1/44 (2) 1/22 (5) 0/22 (0)

Preterm deliveries (<37th gestational week),
n/total (%) 8/44 (18) 4/22 (18) 4/22 (18)

Gestational hypertension, n/total (%) 2/44 (5) 2/22 (10) 0/22 (0)

Gestational diabetes, n/total (%) 1/44 (2) 0/22 (0) 1/22 (5)

Caesarean delivery, n/total (%) 13/44 (30) 7/22 (32) 5/22 (23)

Foetal/Neonatal APO

Miscarriage <10 weeks, n/total (%) 13/59 (22) 4/26 (15) 9/33 (27)

Miscarriage ≥10 weeks, n/total (%) 0/59 (0) 0/26 (0) 0/33 (0)

Induced abortion 2/59 (3) 0/26 (0) 2/33 (6)

IUFD >24 weeks, n/total (%) 0/44 (0) 0/22 (0) 0/22 (0)

Stillbirths, n/total (%) 0/44 (0) 0/22 (0) 0/22 (0)

Prematurity, n/total (%) 10/44 * (23) 5/22 (23) 5/22 (23)

Restricted foetal growth, n/total 13/44 (30) 8/22 (36) 5/22 (23)

IUGR, n/total (%) 5/44 (11) 3/22 (14) 2/22 (9)

SGA, n/total (%) 1/44 (2) 1/22 (0.5) 0/22 (0)

LBW, n/total (%) 10/44# (23) 6/22 (27) 4/22 (18)

Congenital heart block, n/total (%) 0/44 (0) 0/22 (0) 0/22 (0)

Neonatal lupus erythematosus, n/total (%) 1/44 (2) 1/22 (0.5) 0/22 (0)

* Birth before 37th week of gestation (2 multiple gestations with twins). # 2 cases already diagnosed with IUGR
and 1 case also diagnosed with SGA. These gestations resulted in 15 newborns (2 multiple gestations with twins).
FP, first pregnancy after SLE diagnosis; IUFD, intrauterine foetal death; IUGR, intrauterine growth restriction;
LBW, low birth weight; SGA, small for gestational age; SP, subsequent pregnancies.

Table 4. Incidence of adverse pregnancy outcomes (APO) grouped according to the decade of occurrence.
Observe that one pregnancy may have been complicated by >1 APO.

Year
Interval

Gestations/Patients
Total

APO n
(%)

Pregnancies
with APO

(n = 33)

Pre-Eclampsia/
HELLP
(n = 12)

Miscarriage
(<10 weeks)

(n = 13)

Preterm
Delivery
(n = 8)

Restricted
Foetal Growth *

(n = 13)

Sequence of
conception FP SP FP SP FP SP FP SP FP SP FP SP

2002–2009 11/11 9/5 12 (60%) 6 6 1 1 2 4 2 2 3 2

2010–2018 15/15 24/16 21 (54%) 9 12 6 4 2 5 2 2 5 3

Total 26/26 33/21 15 18 7 5 4 9 4 4 8 5

* IUGR (intra-uterine growth restriction) and/or SGA (small-for-gestational-age) newborns and/or LBW
(low birth weight). FP, first pregnancy after SLE diagnosis; SP, subsequent pregnancies.
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3.2. Risk Factors

The analysis of all the 59 gestations showed that APS diagnosed before the time of conception in
SLE patients may enhance the risk (OR 3.3, p = 0.04) of early miscarriage. Furthermore, the presence of
aPL was associated with increased risk (OR 3.3, p = 0.05) of any APO. In particular, the presence of aCL
during pregnancy resulted in a higher risk (OR 6.8, p = 0.03) of preterm delivery, regardless of APS.
A history of LN was associated with increased risk of any APO (OR 5.9, p = 0.005), particularly any
kind of restricted foetal growth (OR 16.6, p = 0.01).

At first pregnancy after the onset of SLE, the detection of aCL during the gestation was associated
with an increased risk of preterm delivery (OR 32.0, p = 0.03). Restricted foetal growth was associated
with presence of different immunological features and clinical manifestations, such as low levels of C3
(OR 13.0, p = 0.04) and C4 (OR 20.0, p = 0.02) up to 1-year before conception, as well as presence of aPL
during pregnancy (OR 17.3, p = 0.03), concomitant APS diagnosis (OR 13.0, p = 0.04) and previous LN
(OR 12.6, p = 0.04). In addition, increased risk of pre-eclampsia/HELLP was associated with low C4
levels detected up to 1-year before conception (OR 12.5, p = 0.04).

In the subgroup of 33 subsequent pregnancies, a positive aCL test ≤1-year before the time of
conception (OR 3.8, p = 0.01), concomitant APS diagnosis (OR 4.9, p = 0.02) and a history of LN
(OR 5.7, p = 0.04) indicated higher risk of miscarriage. Ever documented presence of aPL (OR 11.3,
p = 0.04) and previous LN (OR 12.0, p = 0.01) were also associated with increased risk for any APO.
In contrast, ever documented low C3 levels (OR 0.05, p = 0.03) showed an inverse association with
pre-eclampsia/HELLP. The associations between risk factors and APO are summarized in Table 5 and
are further detailed in Supplementary Materials (Tables S1–S3).

Table 5. Associations between investigated risk factors and the APO reaching statistical significance
at any time-point among all included pregnancies (59 conceptions, whereof 44 led to delivery).
p-values, odds ratios, and 95% confidence intervals are given.

Risk Factor
Total APO

(n = 33)

Pre-Eclampsia
and HELLP

(n = 12)

Miscarriage
(<10 Weeks)

(n = 13)

Preterm
Delivery
(n = 8)

Restricted
Foetal Growth *

(n = 13)

Denominators n = 59 n = 44 n = 59 n = 44 n = 44

aCL Ever 0.40 (OR 1.7,
CI 0.5–5.7)

0.51 (OR 1.8,
CI 0.3–9.5)

0.08 (OR 3.9,
CI 0.9–17.2)

0.31 (OR 2.7,
CI 0.4–18.3)

0.83 (OR 0.8,
CI 0.2–3.9)

≤1-year before 0.74 (OR 0.8,
CI 0.3–2.6)

0.33 (OR 0.3,
CI 0.03–3.1)

0.47 (OR 1.4,
CI 0.6–3.7)

0.12 (OR 4.8,
CI 0.7–35.0)

0.61 (OR 1.5,
CI 0.3-7.1)

During
pregnancy

0.46 (OR 1.6,
CI 0.4–6.1) N.E. N.T. 0.03 (OR = 6.8,

CI 1.2–39.4)
0.19 (OR 2.9,
CI 0.6–14.1)

≥1 pos. aCL,
anti-β2-GPI

or LA test
Ever 0.05 (OR 3.3,

CI 1.0–11.11)
0.17 (OR 3.4,
CI 0.6–19.6)

0.20 (OR 2.7,
CI 0.6–11.8)

0.59 (OR 1.7,
CI 0.2–11.8)

0.36 (OR 2.1,
CI 0.4–10.2)

≤1-year before 0.73 (OR 0.8,
CI 0.3–2.6)

0.57 (OR 0.6,
CI 0.1–3.3)

0.87 (OR 1.1,
CI 0.4–3.1)

0.23 (OR 3.4,
CI 0.5–24.5)

0.97 (OR 1.0,
CI 0.2–5.3)

During
pregnancy

0.25 (OR 1.9,
CI 0.7–5.5)

0.73 (OR 0.7,
CI 0.1–6.4) N.T. 0.72 (OR 1.4,

CI 0.2–8.8)
0.26 (OR 2.1,
CI 0.6–7.5)

APS before pregnancy
0.12 (OR 3.1,
CI 0.8–12.7)

0.28 (OR 2.6,
CI 0.5–13.9)

0.04 (OR = 3.3,
CI 1.1–10.2)

0.22 (OR 3.5,
CI 0.5–26.2)

0.13 (OR 3.6,
CI 0.7–18.5)

Previous LN
0.005 (OR = 5.9,

CI 1.7–20.8)
0.06 (OR 5.7,
CI 0.9–34.6)

0.20 (OR 2.6,
CI 0.6–10.7)

0.10 (OR 7.0,
CI 0.7–71.5)

0.01 (OR = 16.6,
CI 1.8–156.5)

* IUGR, (intra-uterine growth restriction) and/or; SGA (small-for-gestational-age) newborns and/or; LBW,
(low birth weight). Yellow background indicates statistical significance. aCL, anti-cardiolipin antibody; anti-β2-GPI,
anti-β2-glycoprotein I antibody; APS, antiphospholipid syndrome; CI, 95% confidence intervals; LA, lupus
anticoagulant test; LN, lupus nephritis; N.E.; not estimated (used for calculations with division by zero); N.T.,
not tested; OR, odds ratio.
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Next, we performed a multivariable logistic regression analysis, emphasizing that previous LN
was the only significant risk factor in our study population for the occurrence of any APO (OR 6.0,
p = 0.02), particularly in the subsequent pregnancy group (OR 25.7, p = 0.02). In the subgroup of 26 first
pregnancies, none of the investigated risk factors showed any significant associations with maternal or
foetal APO in the univariate model.

3.3. Damage Accrual and Disease Activity

SDI and SLEDAI-2K were determined at each visit, to assess accrual of organ damage and disease
activity, respectively. No major changes in SDI score were found before and after each pregnancy,
regardless of the number of pregnancies and the occurrence of APO (Figure 1). Moreover, a modest
increase in disease activity during the last two trimesters and the near period post-delivery was
observed. Active SLE (SLEDAI-2K score of ≥4) was found in around 30% during the period before
conception and during the 1st trimester of each gestation. The rate of pregnant patients with active
SLE increased up to 49% and 43% during the 2nd and the 3rd trimester of gestation, respectively.
We documented, at last, active SLE in 51% of the investigated pregnancies during the six months
following the termination of the gestations (Figure 1).

Figure 1. SLEDAI-2K scores illustrated during each trimester as well as 6 months pre-conception and
6 months post-pregnancy; and SLICC/ACR damage index (SDI) up to 1 year pre-conception and 1 year
post-pregnancy (termination of pregnancy). Data show mean ± standard deviations.

4. Discussion

This is the first Swedish study that describes the occurrence of APO in a well-defined population
of patients affected by SLE, undergoing regular multi-professional check-ups throughout pregnancy,
at one single university centre. In previous studies, this kind of regular follow-up has been suggested
to facilitate a positive outcome of pregnancy in patients with SLE, particularly those with a history of
LN and concomitant APS or with the presence of aPL [9,15,20]. Despite progress in the management
of pregnancies in SLE patients during the last decades [2,13], our data indicate that SLE is still
associated with high risks of maternal and foetal complications. While pre-eclampsia occurs in 2–8%
of pregnancies in the general obstetric population and is seldom complicated by eclampsia and the
HELLP syndrome, pre-eclampsia occurred in >20% of the pregnancies investigated in the present
study, which is comparable to the results reported in previous investigations [3,16,31].
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Early foetal loss and preterm deliveries were also more common than usually observed in the
general population [3,6,9,32]. Late foetal loss, stillbirth, and congenital heart defects are generally
less prevalent [33]. The absence of these APO in our experience could simply be due to the limited
number of pregnancies investigated, though the regular multi-professional follow-up may have
contributed to fewer major foetal/neonatal APO in the later phase of pregnancies. IUGR occurs in
about 10–30% among pregnant women with SLE, as compared to approximately 10% in the general
obstetric population [4,13,15]. Around 30% of gestations in our study resulted in restricted foetal
growth, such as IUGR and SGA or LBW. Among the risk factors assessed in this study, a history of LN,
diagnosis of APS, and the presence of one or more aPL were associated with major APO.

Nevertheless, the results of the present investigation may suggest a trend towards a lower
incidence of APO in SLE patients during the last years (54%), as compared with the incidence recorded
between 2002 and 2009 (60%). We speculate that the accurate use of effective and safe drugs, as well as
the implementation of a multi-professional follow-up program, has contributed to achieving a lower
rate of APO among patients with SLE, despite the growing number of recorded gestations in our centre.

Renal involvement in SLE has previously been reported as a risk factor for developing several
APO, mainly foetal loss, preterm delivery, restricted foetal growth, and pre-eclampsia [13,14,34,35].
Previous LN among our patients showed a significant association with the development of any APO,
in particular with restricted foetal growth, as confirmed by the assessment in a multivariable regression
model (Table 6). However, none had active LN at the time of conception or up to 6 months before
conception. One patient developed LN during the 2nd trimester of pregnancy and needed to terminate
the gestation at the 20th week.

Table 6. Logistic regression analysis with associations between risk factors and development of
any APO.

Risk Factors Univariate Multivariable

OR CI p-Value OR CI p-Value

APO in all pregnancies (n = 59)

Previous LN 5.9 1.9–18.8 0.002 6.0 1.3–27.9 0.02

≥1 pos. aCL, anti-β2-GPI or LA test (ever) 3.3 1.0–10.7 0.05 2.8 0.6–13.9 0.20

≥1 pos. aCL, anti-β2-GPI or LA test (≤1-year before) 0.8 0.2–2.8 0.75 0.12 0.01–1.3 0.09

≥1 pos. aCL, anti-β2-GPI or LA test (during pregnancy) 1.9 0.5–6.6 0.32 2.6 0.2–30.4 0.45

APO in subsequent pregnancies (n = 33)

Previous LN 12.0 2.0–72.4 0.007 25.7 1.8–362.3 0.02

≥1 pos. aCL, anti-β2-GPI or LA test (ever) 11.3 1.2–109.3 0.04 15.3 0.71–329.9 0.08

≥pos. aCL, anti-β2-GPI or LA test (≤1-year before) 1.3 0.26–5.9 0.78 0.3 0.008–11.6 0.52

≥pos. aCL, anti-β2-GPI or LA test (during pregnancy) 1.3 0.26–5.9 0.78 0.3 0.008–11.6 0.52

aCL, anti-cardiolipin antibody; anti-β2-GPI, anti-β2-glycoprotein I antibody; CI, 95% confidence intervals; LA, lupus
anticoagulant test; LN, lupus nephritis; OR, odds ratios.

Concomitant APS and the presence of aPL have already been reported as potential risk factors
for the development of APO [20,21,36,37], and this was confirmed herein. We could confirm that
abnormal levels of aCL during pregnancy indeed were associated with the occurrence of preterm
delivery, as previously described [38,39]. Worth noting is that, in our population, APS appeared to be a
significant risk factor for APO, despite that the diagnosis was already known since before the time of
conception and the treatment was ongoing.

The results of our investigation show that hypocomplementaemia, or activation of the complement
system, during the first pregnancy after the presumptive onset of SLE, may have a pathological role in
the occurrence of some APO, such as pre-eclampsia and restricted foetal growth (Table S2). This is
consistent with previous investigations that indicate the activation of the classical pathway of the
complement system, and hypocomplementaemia overall, as variables associated with a significant
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risk of APO. In particular, a higher occurrence of foetal loss, IUGR, and pre-eclampsia have been
observed, especially when concomitant APS or aPL [18,40–45] are present. Moreover, the activation of
the complement system has been demonstrated to be of importance regarding the risk of pre-eclampsia
and IUGR, even in women without autoimmune diseases [46,47].

On the other hand, any decreased level of C3 ever documented in our patients showed an inverse
association with the occurrence of pre-eclampsia/HELLP syndrome during the subsequent pregnancies.
These results were unexpected and should be interpreted with caution. However, it may reflect the
tailored interventions usually undertaken to minimize the risk of APO in patients with a history of
hypocomplementaemia [48]. In line with this, the use of antimalarials, low-molecular-weight heparin,
and acetylsalicylic acid increased during subsequent pregnancies, in comparison with first pregnancies
(Table 2), which might have contributed to reducing the risk of APO.

Many reports have emphasized the importance of low disease activity in women with SLE at the
time of conception and throughout the entire pregnancy period, to minimize the risk of APO [49–51].
Kwok et al., concluded that a SLEDAI score of≥4 during the 6 months before conception predicts adverse
maternal outcomes, while a disease flare during pregnancy rather predicts adverse foetal outcomes [51].
Similar conclusions have been drawn in other studies [49–52]. In our study population, SLEDAI-2K
scores were generally low 6 months prior to conception and during the 1st trimester. The mean values
of SLEDAI-2K were slightly higher during the latter part of the investigated pregnancies, as well
as during 6 months post-partum, as shown in Figure 1, consistent with other investigations [53,54].
No significant increase of organ damage was recorded among our cases, which also was observed
in a recently published study, suggesting that pregnancies before and after the diagnosis of SLE
may not be significant predictors of irreversible damage [55]. Effects of other general risk factors for
APO (i.e., smoking, ≥35 years of age at the time of conception, or obesity) did not fall out significant.
However, the general risk factors among the included women were uncommon. Subsequently, firm
conclusions regarding this cannot be drawn based on our data.

Some limitations should be acknowledged. Firstly, we could not investigate the effect of medication
on the major APO. Moreover, the small number of studied pregnancies in a limited number of patients
from one single centre may have led to uncertain results, and conclusions could thus be difficult
to generalize to a broader population of SLE patients. Finally, one must also consider the risk of
observation and treatment bias; patients so closely followed might run the risk of being delivered
at the first signs of a developing APO, such as pre-eclampsia or restricted foetal growth, thereby
increasing the number of abnormal parameters observed but limiting the number of serious APO.
On the other hand, a major strength is the Swedish healthcare system, which is public, tax-funded,
and offers universal access. This significantly reduces the risk of selection bias and ensures a very
high coverage of cases, especially at a tertiary referral centre, offering high-specialized health-care
services with longstanding experience of SLE care [25]. A clear advantage of a single centre study in
comparison with a multi-centre study is the homogeneity in both care and management over time in
this patient group. For this reason, though small in size, this study provides reliable data concerning
appropriate management of these women.

5. Conclusions

To conclude, the results of the present investigation highlight the risks of APO in SLE. No new
predictors could be identified in this study. Nonetheless, our data indicate the importance of
planning pregnancy and organizing a multi-professional follow-up during pregnancy, with regular
visits, to minimize the prevalence of APO and/or the consequences of APO. The early detection of
unfavourable conditions may help to step up surveillance and to provide the patients with the best
treatment to prevent and avoid serious adverse outcomes.

The sequence of conception may play an important role in the risk stratification and prevention.
We confirm the importance of some clinical phenotypes (e.g., previous LN, APS) and immunological
factors (e.g., aPL, hypocomplementaemia) as risk factors for the occurrence of APO. Larger multicentre
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studies would be needed to identify further reliable predictors of APO and to investigate the actual
impact of pharmacological treatments.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/8/2598/s1.
Supplementary Table S1: Associations between all investigated risk factors and the most frequent APO among all
included pregnancies (59 conceptions, whereof 44 led to delivery); Table S2: Associations between all investigated
risk factors and the most frequent APO among 1st pregnancies (26 conceptions, whereof 22 led to delivery);
Table S3: Associations between all investigated risk factors and the most frequent APO among subsequent
pregnancies, not defined as 1st pregnancy after SLE diagnosis (33 conceptions, whereof 22 led to delivery).
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Abstract: Since the discovery of glucocorticoids (GCs), their important anti-inflammatory effect,
rapid mechanism of action, low cost, and accessibility have made them one of the mainstays of
treatment for Systemic lupus erythematosus (SLE). Although their use has allowed controlling the
disease and reducing acute mortality in severe conditions, the implementation of a scheme based on
high doses for long periods has inevitably been accompanied by an increase in adverse effects and
infections, including long-term damage. The objective of this review is to answer some important
questions that may arise from its use in daily clinical practice, and to propose a paradigm based on the
use of methylprednisolone pulses followed by medium-low doses and a rapid decrease of prednisone.

Keywords: systemic lupus erythematosus; SLE; prednisone; methylprednisolone; glucocorticoids;
mortality; prognosis; damage

1. Introduction

Systemic lupus erythematosus (SLE) is a complex disease characterized by autoimmunity,
inflammation, and a variable degree of organ damage, which depends on the number and severity of
flares but also on the treatments received. The management of SLE is often challenging. Most guidelines
refer to “standard of care” as a combination of hydroxychloroquine, glucocorticoids (GCs), and,
sometimes, an immunosuppressive agent. Such therapy often achieves disease remission, but too
many times at the cost of a large degree of damage accrual.

Irreversible organ damage is not only very frequent in SLE, but also particularly relevant
considering that most patients are young or middle-aged women. According to a growing amount
of scientific evidence, irreversible damage, as well as other serious side effects, such as infections,
are strongly associated with the use of GCs [1–3]. Indeed, the recently updated EULAR guidelines
highlight the need to prevent organ damage and to optimize pharmacological strategies in order to
improve health-related quality of life and to achieve long-term patient survival [4].

The purpose of this review is to answer ten daily clinical practice questions by updating the
current evidence about the optimal doses of GCs in several scenarios, based on pharmacological and
clinical evidence, as well as to offer our point of view regarding the “standard of care” of GC use.

J. Clin. Med. 2020, 9, 2709; doi:10.3390/jcm9092709 www.mdpi.com/journal/jcm
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1.1. What Is the Main Mechanism of Action of GCs?

The first mechanism of action of GCs is to interfere with the genomic transcription of inflammatory
molecules. This process starts by means of GCs binding the cytosolic-GC receptor (cGR). The GC-cGR
complex is translocated into the nucleus where it modulates gene expression. This is called the
genomic pathway [5,6]. The first effect generated by the GC-cGR complex within the nucleus is
transrepression, consisting of the inhibition of those genes which promote cytokine and other protein
synthesis involved in the inflammatory process, with the resulting anti-inflammatory effect. As the
intranuclear concentration of GCs increases, a second process named transactivation starts. Although
this mechanism stimulates the transcription of some inhibitory genes, it mainly mediates the activation
of gluconeogenesis, insulin resistance, skin atrophy, and the inhibition of bone formation, all well-known
adverse effects of GCs [7–9].

The use of low doses of prednisone (≤7.5 mg/day) is associated with a progressive saturation up
to 50% of the cGR. At medium doses (>7.5 mg/day to 30 mg/day of prednisone), the receptor becomes
progressively saturated from 50 to close to 100%, keeping a less lineal relation with the daily dose.
It is estimated that the almost complete saturation of cGR occurs at approximately 30–40 mg/day of
prednisone. At higher doses, up to 100 mg/day, the predominant effect is transactivation, and therefore
the occurrence of unwanted effects with no major increase in anti-inflammatory actions [10–12].
This pharmacodynamic behavior is the basis of the new GC dosage schemes [12].

1.2. What Is the Non-Genomic Way and How Does It Get Activated?

A second mechanism of action of GCs, the non-genomic pathway, acts by modulating inflammatory
and immune cells by three molecular mechanisms independent from nuclear interactions. First,
the GC-cGR complex directly blocks the activation of phospholipase A2 and thus the production
of arachidonic acid by a transcription-independent mechanism. Second, the activation of the
membrane-bound GR (mGR) leads to the reduction of lymphocyte activity via the p38 MAP kinase.
Third, nonspecific interactions with the cellular membranes of immune cells result in the inhibition of
ATP production and thus decrease cell activity [13]. In addition, mGR activation also modifies gene
expression, so priming the immune cells for the upcoming genomic effects [13]. These non-genomic
mechanisms are characterized by a rapid onset of action (less than 15 min) because they do not need
time for translation to the nucleus and modulation of gene transcription.

The activation of the non-genomic pathway starts at doses >100 mg/day of prednisone or
equivalent. This pathway is especially sensitive to methylprednisolone (MP) and dexamethasone,
which have non-genomic effects up to five times more potent than genomic ones [8].

Non-genomic effects are responsible for the efficacy of pulse therapy with GCs at doses over
125 mg of MP [14]. Work by the group of Buttgeterit et al. has shown the relative anti-inflammatory
potency of different GCs by the non-genomic method, based on the effects on respiration, protein
synthesis, and Na+−K+-ATPase and Ca2+−ATPase in concanavalin A-stimulated rat thymocytes [15].
MP and dexamethasone show the highest non-genomic-mediated potency (Table 1). The potency of
treatment with MP also allows a faster tapering of oral prednisone and therefore, a reduction in the
cumulative dose of GC [14,16,17]. A summary of the genomic and non-genomic GC effects is shown
in Table 2.
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Table 1. Anti-inflammatory potency exerted by genomic/non-genomic ways of the different
glucocorticoids [15,18].

Glucocorticoid
Anti-Inflammatory Effect

(Genomic Way)
Anti-Inflammatory Effect

(Non-Genomic Way)

Cortisol/hydrocortisone 1 Low
Prednisone/prednisolone 4 4

Methylprednisolone 5 10–15
Dexamethasone 20–30 20
Betamethasone 20–30 <4

Table 2. Summary of the mechanisms of action of glucocorticoids.

Genomic Pathway Non-Genomic Pathway

Cells targeted All the organism Inflammatory cells

Mechanism of action Genomic modulation Membrane receptor and intracellular
inflammatory pathways

Start of action ~4 to 6 h ~15 min

Saturation dose of the
immunosuppressive –

anti-inflammatory effects

~100% at 30 to 40 mg/day of
prednisone-equivalent Unknown

Minimum effective dose 2.5 to 5 mg/day of
prednisone-equivalent Over 100 mg of prednisone-equivalent

Maximum effective doses that
minimize adverse effects

30 to 40 mg/day of
prednisone-equivalent (for

trans-repression)
500/day mg of methylprednisolone

Damage accrual with
cumulative doses Proven Not proven

Glucocorticoids acting by
this way All Mainly methylprednisolone and

dexamethasone

1.3. Should High Doses of Prednisonse Be Still Considered the Standard Starting Dose?

The “classical” standard 1 mg/kg/day prednisone dose is not supported by either basic
pharmacology or clinical evidence (Figure 1) [19,20]. It is unlikely that anti-inflammatory effects
increase significantly after prednisone doses have reached 30–40 mg/day, since such doses already
result in a saturation of almost 100% of the genomic pathway [12,19]. Recent data suggest that higher
initial doses of prednisone are associated with higher cumulative doses [21] with the well proven result
of increasing damage accrual [1,22–25].

Instead, the combination of MP pulses followed by doses of prednisone up to 30 mg/day, depending
on severity, is more effective, more rapid, and safer than the use of the “classical” 1 mg/kg/day (Figure 2).
Several studies support this view. A European multicenter randomized, controlled study compared
standard dose (1 mg/kg/day, n = 42) and reduced dose prednisone groups (0.5 mg/kg/day; n = 39),
both associated with mycophenolic acid, during the induction phase of class III-IV lupus nephritis
(LN). The complete remission rates at week 24 were similar for both groups, with fewer infections in
the reduced prednisone dose group [26].
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Figure 1. The “classical paradigm” in SLE therapy. Note: PDN: prednisone; MP: methylprednisolone
pulses; proportions showed in “clinical picture” are merely illustrative.

Figure 2. The “new paradigm” in SLE therapy. Note: PDN: prednisone; MP: methylprednisolone
pulses; proportions showed in “clinical picture” are merely illustrative.

In an observational study of patients with class III-IV-V LN from the Lupus-Cruces (CC; n = 29) and
the Lupus-Bordeaux cohorts (BC; n = 44), the number of pulses of MP per patient (9.3 vs. 2.3), but not the
cumulative dose, and the proportion of patients on hydroxychloroquine (100% vs. 63%) were higher in
the CC. The maximum doses of prednisone (21 vs. 42 mg/day), the number of weeks until 5 mg/day
(12 vs. 22), and the mean doses at six months (8.3 vs. 21 mg/day) were all lower in the CC. Complete
renal remission rates were significantly higher in the CC at six (69% vs. 30) and 12 months (86% vs.
43%) [27]. Of note, the number (not the total dose) of MP pulses was the only independent therapeutic
predictor of achieving complete remission and of reducing GCs-related side effects [27].

The AURA–LV was a 48-week randomized clinical trial comparing the efficacy in the treatment of
LN of two doses of voclosporin or placebo added to mycophenolate mofetil. All patients received a
maximum initial dose of 25 mg/day of prednisone with tapering to 5 mg in 8 weeks and to 2.5 mg
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in 12 weeks. Remission rates at 48 weeks were 49.45% and 39.8% in both voclosporin groups [28].
Even patients in the control arm of the AURA trial had remission rates higher than those in previous
studies such as ALMS [29] and LUNAR [30,31].

The “Rituxilup” schedule, which consisted of rituximab and MP, followed by maintenance
treatment with mycophenolate mofetil and no oral steroids, resulted in 72% of patients with LN class III,
IV, or V eventually achieving complete remission within a median period of 36 weeks [32].

In patients presenting with an SLEDAI score ≥6 (those with severe LN excluded), initial therapy
with doses of prednisone ≤30 mg/day resulted in a similar decrease in SLEDAI scores at one year and
reduced damage at five years compared with initial doses >30 mg/day. It must be noted that, in order
to reduce prednisone doses, hydroxychloroquine was used in 100% vs. 33% of patients and MP pulses
in 34% vs. 10%, respectively [1].

Thus, current evidence, based on large observational cohorts and a few clinical trials, supports the
idea that low-medium initial doses of prednisone (i.e., ≤30 mg/day) are at least as effective as high-dose
schemes and with a better safety profile [31,33]. MP pulses offer additional potency and allow the use
of lower doses of prednisone. Of note, no studies of similar quality have ever shown the superiority of
high-dose prednisone regimes.

1.4. Are 1000 mg MP Pulses More Effective than Lower Doses?

In a study from 1987 including 21 patients with active SLE with severe manifestations refractory
to other treatments, patients were either treated with intravenous MP 100 mg/day or 1000 mg/day for
three days. The study did not find significant differences between the two groups [34]. In addition,
a retrospective study by Badsha et al., 2002 reported that 1500 mg of MP given throughout three days
were equally effective in controlling the disease and associated with fewer serious infections than 3000
to 5000 mg in the same period [35]. The same authors carried out a prospective study comparing the
use of 500 mg/day of methylprednisolone for three days with a historical cohort given higher doses
and obtained the same results [36].

In the Lupus-Cruces cohort, the use of intravenous MP pulses, in all cases between 125 and
500 mg/day for three consecutive days, were not associated with long-term damage accrual [17]. In the
previously mentioned study of patients with class III-IV-V LN from the CC and the BC, the number of
intravenous MP pulses, rather than the total dose, was an independent predictor of complete response
and of reduced GC-related toxicity. CC patients were treated with three consecutive 250–500 mg
intravenous pulses and then with additional 125 mg pulses every two weeks before each intravenous
dose of cyclophosphamide [27].

In 2018, Danza et al. compared the efficacy and rates of infections among patients with several
autoimmune conditions, including SLE, treated with MP pulses, for a total dose over three days
≤1500 mg, <1500 to ≤3000 mg and >3000 mg [19]. No differences among the different doses were seen
in patients achieving complete response, partial response, or no response. No patients in the ≤1500 mg
group suffered infections, vs. 9.1% in the high dose group.

1.5. Should Pulses of MP Be Reserved for Life Threatening Flares?

It is well assumed that MP pulses, due to their higher potency and faster mechanism of action
compared to oral prednisone, are indicated in those patients with severe manifestations of SLE in
whom a rapid effect is necessary [4,14]. However, they might not be limited to this clinical scenario.
The rapidity and potency of action make MP pulses at doses 125–250 mg/day for three days is ideal to
deal with many moderate lupus flares, like arthritis, skin rashes, and pericarditis, and also for recurrent
or non-responding mild flares. Thus, MP pulses may contribute to avoid high-dose prednisone and to
promote a faster tapering, reducing the cumulative GC dose and thus the short and long-term side
effects of oral prednisone [4,33].
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1.6. Can GC-Related Damage Be Avoided without Reducing Efficacy?

There are several factors that contribute to organ damage accrual in patients with SLE. Among them,
the role of GCs has proven fundamental. In 2003, Gladman et al. categorized damage as definite,
probable and not related to GCs [3] and found that the latter increased over disease course, being the
most frequent in latter stages of SLE. Joo et al. have also found that patients with LN have more
damage associated than non-associated to GCs [37]. In the Hopkins cohort, GC-related irreversible
damage has been shown to depend on the cumulative dose of prednisone [38]. Compared to patients
who did not receive prednisone, the risk of accruing damage increased 1.2 times if they had received a
cumulative dose of 180 mg per month, and twice for a cumulative dose >540 mg per month [23]. On the
other hand, the use of MP pulses has not been associated with damage accrual in large series [17,38].

A possible reason explaining this is the different toxicity associated with the activation of
the genomic (increasing toxicity in parallel with activation) and the non-genomic ways (free of
genomic transactivation-related toxicity). Therefore, the use of MP pulses (activating non-genomic
mechanisms), rather than prednisone doses>30 mg/day (fully activating the genomic way), for inducing
rapid remission, followed by maintenance doses of prednisone ≤5 mg/day (activating less than 25%
of the genomic way) may be a good approach to minimize GC-related side effects. In addition,
hydroxychloroquine helps spare prednisone and, by itself, also prevents damage accrual [39].
Ruiz-Arruza et al found that the use of this treatment scheme achieved the same efficacy, with no
increase in SLE-related damage and less global, cardiovascular and GC-related damage [33].

Whilst the eventual discontinuation of GC is the ultimate goal, a recent monocentric, 12-month,
superiority, open label, randomized controlled trial compared the efficacy to prevent flares of
maintenance versus withdrawal of 5 mg/day prednisone in patients with clinically quiescent SLE.
The study found that maintenance therapy with 5 mg/day of prednisone prevents relapses, with
no worsening of damage and no GC toxicity observed during the follow-up period [40]. Therefore,
long-term therapy with low-dose GC may be necessary in a number of patients with SLE. This could
contrast with the results of the aforementioned Rituxilup study [32], in which no oral GCs were
used during the induction phase in patients with LN. However, the clinical setting (maintenance and
induction) is different, and no data were given regarding how many patients in this study eventually
needed GCs for other manifestations of SLE.

1.7. How Can the Risk of Infections Be Reduced during GC Treatment?

Infections represent one of the most important causes of morbidity and mortality in patients
with SLE [41]. The factors predisposing lupus patients to infection are not only disease activity and
the malfunction of the immune system, but also the use of immunosuppressive drugs, particularly
GCs [41,42]. GCs suppress the production of inflammatory cytokines, the microbicidal activity of
activated macrophages, the adhesion of neutrophils to endothelial cells, the release of lysosomal
enzymes, the respiratory burst, and the chemotaxis. In addition, they cause marked lymphopenia in
all lymphocyte subpopulations, inhibit the activation of T cells and have immunosuppressive effects
on the maturation and function of dendritic cells, responsible for triggering the adaptive immune
response [43]. Although these effects increase with the dose and the duration of treatment, the risk of
infection is already high at maintained doses of 7.5 mg/day. Indeed, the chance of suffering a severe
infection increases by 12% for each mg/day of prednisone [2].

According to the data obtained from the Spanish Registry of Systemic Lupus Erythematosus (RELES),
6.4% of patients had a documented episode of major infection during the first year of follow-up and
5.67% during the second. Mean prednisone doses >30 mg/day during the first month and >7.5 mg/day
during the first year independently predicted major infections within the first and the second year of
follow-up, respectively [44]. Regarding MP pulses, the use of 1000 mg/day for three days has been
associated with an increase in infections compared with 500 mg/day [35].

A number of prophylactic measures, such as the administration of vaccines, can be recommended
in SLE, and the use of hydroxychloroquine is also protective against infections [45]. However,
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a retrospective, new-user study including 3030 SLE patients found that the rate of severe infections
in patients on prednisone >15 mg/day was high and not influenced by antimalarials use [22]. Thus,
the use of maintenance doses of prednisone not exceeding 5 mg/day with pulses of 500 mg of MP
instead of 1000 mg is probably a good way to reduce the infectious complications in lupus patients.

1.8. How Should GC Therapy Be Managed during Pregnancy?

Since the therapeutic possibilities are lower in pregnant women, GCs are one of main therapeutic
resources during gestation in case of lupus flares [46]. Indeed, their potent anti-inflammatory effect
seems not to be accompanied by any significant teratogenicity.

The choice of GC will depend on whether our goal is to treat the mother or the fetus. According
to the most recent EULAR and BSR guidelines, in the first case, the use of non-fluorinated GCs such as
prednisone or MP will be of choice, while in the second case, the treatment will be with fluorinated GCs,
such as betamethasone or dexamethasone [46,47]. This is due to the presence of the placental 11-beta
dehydrogenase enzyme that converts non-fluorinated GCs into relatively inactive forms, with less
than 10% of the drug reaching the fetal circulation [48].

The adverse effects observed are similar to those occurring outside pregnancy, however,
hypertension, preeclampsia, insulin resistance, infections and premature rupture of membranes
represent additional serious problems during gestation. For this reason, prednisone is recommended at
doses not exceeding 20 mg/day for the treatment of severe manifestations of the disease, and 7.5 mg/day
for minor manifestations, with rapid tapering in both cases to maintenance doses≤5 mg/day. If necessary,
in moderate-severe flares, intravenous pulses of MP 125–500 mg can be safely used [49].

During the lactation, the amount of prednisone found in breast milk is very low, although it is
advisable to delay breastfeeding until four hours after taking doses greater than 50 mg/day (which are
not recommended, anyhow) [46].

In women undergoing corticotherapy during pregnancy or lactation, adequate supplementation
with calcium 1000 mg/day and vitamin D 800 IU/day is recommended for the prevention of GC-induced
osteoporosis [50].

1.9. What Are the Current Recommendations?

The current recommendations are, once a SLE flare is diagnosed, to achieve remission or low
disease activity as soon as possible, and then prevent new flares [4,51,52]. An intensification of
the immunosuppressive regimen is universally recommended for this purpose. Although there is
no universal agreement regarding the definition of low dose of GCs, most authors accept doses
≤7.5–5 mg/day of prednisone or equivalent [52,53]. Since no consensus about tapering has been
established, such doses can be reached within variable periods ranging from four weeks to up to
12 months.

Table 3 shows how starting doses of GCs vary among the different guidelines, from 0.3 to
2 mg/kg/day for patients with severe, renal or extra-renal involvement [51,52,54–56], or whenever the
administration of MP pulses during induction therapy is not possible [54]. Even though the recent
2019 EULAR recommendations do not provide a specific tapering scheme, they recommend avoiding
an initial dose of 1 mg/kg/day of prednisone and highlight the importance of using early MP pulses
and immunosuppressants in order to spare oral GCs [4], with some significant recommendations:
in cases of mild to moderate disease, start with prednisone doses ≤0.5 mg/kg/day, with “gradual
tapering”; in cases of severe or organ-threatening disease, MP pulses (250–1000 mg/day) for 1–3 days
are suggested, followed by prednisone 0.5–0.7 mg/kg/day “with tapering” [4]. Recommended MP
doses vary from 250 mg/day to 1000 mg/day for 3 days when a flare is diagnosed [54]. Again, there is
no agreement on its use during induction, often being reserved for severely active patients who do not
achieve a sufficient response after initial high doses of prednisone [54,55].
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1.10. What Is our Proposed “Standard of Care” for GC Use?

We advocate for a new paradigm in the use of GCs in SLE. The old, vague expression “the shortest
time and at the lowest dose possible” is not enough, since many doctors feel that a rapid decrease in the
dose of prednisone can precipitate a flare or a situation of adrenal insufficiency (Figure 1). Nowadays,
there is enough evidence to support the use of doses of prednisone ≤30 mg/day in most severe flares,
equally effective than higher doses, with a much better safety profile, both in the short and in the long
term. MP pulses should not be limited life-threatening situations since they contribute to rapid disease
control while sparing oral GCs. Pulses can be used in a wide range of doses, from 125 mg to 500 mg,
depending on the severity of flares (Figures 2 and 3). Using this scheme, along with hydroxychloroquine
and early immunosuppressive therapy, it is possible to accomplish a quick tapering of prednisone,
and therefore to achieve maintenance doses ≤5 mg/day within a maximum period of 12 weeks [57,58].

 

Figure 3. The Lupus-Cruces protocol for the treatment of SLE according to severity. Note: HCQ:
hydroxychloroquine; PDN: prednisone; MP: methylprednisolone pulses; ¶ Polyarthralgia, small
joint monooligoarthritis, limited skin lesions; ¶¶ Polyarthritis, moderate thrombocytopenia
(20,000–50,000/mm3), haemolytic anaemia with a low rate of haemolysis, widespread skin lupus
lesions, non-severe pericardial effusion/pericarditis, pleural effusion; ¶¶¶ Lupus nephritis, pneumonitis,
severe thrombocytopenia (<20,000/mm3), haemolytic anaemia with a high rate of haemolysis, severe
pericardial effusion, refractory pleural effusion, severe neuropsychiatric manifestations; * depending
on specific organ involvement.

2. Conclusions

• Glucocorticoids may act by genomic and non-genomic pathways. The second way is faster and
non-related to chronic damage.

• The classic glucocorticoid dose of 1 mg/kg/day is not evidence-supported and has a well-known
range of serious adverse effects

• Recruiting the non-genomic pathway by methylprednisolone pulses followed by a reduced dose
scheme of prednisone may avoid adverse effect and chronic damage

• Immunosuppressive agents should be early introduced in the treatment of moderate-severe SLE
to spare glucocorticoids
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• Prednisone maintenance doses ≤5 mg/day should be ideally achieved in no more than 12 weeks.
• Hydroxychloroquine is mandatory in SLE treatment, except in the exceptional cases with

contraindications.
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Abstract: We aimed to identify the key players in the prothrombotic profile of patients with systemic
lupus erythematosus (SLE) not mediated by antiphospholipid antibodies, as well as the potential
utility of global coagulation tests to characterize hemostasis in these patients. Patients with SLE
without antiphospholipid antibodies and without signs of thrombosis were included. The kinetics
of clot formation were determined by ROTEM®. Platelet activation markers were determined by
flow cytometry. Thrombin generation associated with Neutrophil Extracellular Traps (NETs) and
microparticles (MPs) was measured by calibrated automated thrombogram (CAT). The plasma levels
of PAI-1 were also determined. ROTEM® showed a procoagulant profile in SLE patients. SLE patients
had activated platelets and more leukocyte/platelet aggregates at basal conditions. The plasma
PAI-1 and platelet aggregates correlated with several ROTEM® parameters. The thrombin generation
associated withthe tissue factor (TF) content of MPs and with NETs was increased. Our results
suggest the utility of global tests for studying hemostasis in SLE patients because they detect their
procoagulant profile, despite having had neither antiphospholipid antibodies nor any previous
thrombotic event. A global appraisal of hemostasis should, if possible, be incorporated into clinical
practice to detect the risk of a thrombotic event in patients with SLE and to consequently act to
prevent its occurrence.

Keywords: systemic lupus erythematosus; thromboelastometry; thrombin generation; neutrophil
extracellular traps

1. Introduction

Systemic lupus erythematosus (SLE) is a potentially fatal multiorgan inflammatory
immune-mediated disease that primarily affects females. The disease is characterized by the production
of antibodies against various tissues, which triggers a wide variety of cutaneous and systemic
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manifestations that in many cases become serious, compromising the patient’s life. Thrombosis
contributes to substantial morbidity and mortality in patients with SLE due to a complex interplay
between traditional risk factors and the dysregulation of autoimmunity. Up to 15% of patients with
SLE have had myocardial infarction [1], and approximately 20–30% of deaths in patients with SLE
are due to cardiovascular disease (CVD) [2,3]. Conflicting data on the mechanisms involved in the
increase in risk and in the prediction of CVD complicate prevention of its occurrence.

The duration of the disease correlates with the degree of cardiovascular involvement [4],
suggesting that chronic exposure to immune system dysregulation contributes to the development
of CDV in these patients. The proposed predictors of cardiovascular events in this population are
dyslipidemia, hypertension, a family medical history of coronary artery disease (CAD), and smoking.
In addition, although the presence of antiphospholipid and anticardiolipin antibodies and lupus
anticoagulant is correlated with the occurrence of cardiovascular events, 40% of SLE thrombosis
cases are autoantibody-negative [5,6], suggesting the involvement of other factors.Thus, we aim
to identify the key players in the prothrombotic profile of patients with SLE not mediated by
antiphospholipid antibodies.

Recently, there has been growing interest in the use of global coagulation tests to
evaluate hypercoagulable states [7,8]. Among them, rotational thromboelastometry (ROTEM®),
a viscoelastometric clotting test that measures the kinetics of clot formation and fibrinolysis,
and calibrated automated thrombogram (CAT), a thrombin generation test that quantifies thrombin
generation, are the most widely used. Given that hemostasis is the consequence of the relationship
between various cells, coagulation factors, and plasma components, we considered that these tests
would be a good approach to evaluate the hypercoagulable condition in SLE. Therefore, we investigated
the potential utility of ROTEM® and CAT in the characterization of the procoagulant state in SLE not
mediated by antiphospholipid antibodies, giving a new insight into the relationship between different
factors involved in this pathology.

2. Materials and Methods

2.1. Participants and Study Design

This study was approved by the ethics committees of two hospitals: Gregorio Marañón University
Hospital (Code 324/14) and La Paz University Hospital (Code PI-3293). All the included patients
had been diagnosed with SLE according to the American College of Rheumatology (ACR) criteria for
SLE [9]. The global disease activity was measured with the Systemic Lupus Erythematosus Activity
Index 2000 (SLEDAI-2K).

Exclusion criteria were infection with hepatitis C virus or human immunodeficiency virus;
alcohol abuse or addiction; oral contraceptive intake or hormonal therapy (excepting steroids as an
immunosuppressive treatment for SLE); patients with antiphospholipid antibodies (lupus anticoagulant,
anti-β2-GPI, and anticardiolipin antibodies); a history of acute myocardial infarction, angina, or CAD;
diabetes, hyperlipemia, or uncontrolled arterial hypertension; overweight defined by a body mass
index ≥ 30 kg/m2; smoking in the 12 months before our study; pregnancy in the previous 3 months
prior to the study; or cancer.

Patients older than 18 years who fulfilled 4 or more ACR criteria, with a titer of antinuclear
antibodies≥1:80 and/or anti-double-stranded DNA antibody (anti-dsDNA antibody) levels≥ 30 UI/mL,
with a stable standard SLE therapy for the last 30 days, and who signed written informed consent were
included in this study.

2.2. Collection and Preparation of Samples

Human peripheral blood samples were collected in tubes containing 3.2% trisodium citrate
(BD Vacutainer, Madrid, Spain). Platelet-rich plasma (PRP) was prepared within 60 min of blood
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collection by centrifugation (150 g for 20 min at 23 ◦C). To obtain platelet-poor plasma (PPP), the PRP
was centrifuged twiceat 23 ◦C, first at 1500 g for 15 min and then at 13,000 g for 2 min.

Acid-citrate-dextrose (1:10) was added to the top two-third volumes of PRP and centrifuged at
650 g for 10 min at 23 ◦C to obtain washed platelets. The pellet was then resuspended in an equal
volume of 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffer (10 mM of HEPES,
145 mM of NaCl, 5 mM of KCl, and 1 mM of MgSO4, pH 7.4).

For serum preparation, peripheral blood was collected in serum tubes (BD Vacutainer,
Plymouth, UK) and separated by centrifuging clotted blood (2500 g for 15 min at 23 ◦C).

Plasma and serum aliquots were stored at −80 ◦C until analysis.

2.3. Cell Count and Biochemical Parameters

The blood cell count was performed using a Coulter AcT Diff cell counter (Beckman Coulter,
Madrid, Spain). The plasminogen activator inhibitor type 1 (PAI-1) (Invitrogen, Vienna, Austria)
levels were determined in serum or plasma according to the manufacturer’s instructions and measured
in a Multiskan FC microplate photometer (ThermoScientific, Madrid, Spain).

The cell-free DNA (cfDNA) was determined in PPP by the Quant-iT™ PicoGreen dsDNA assay
(Thermo Fisher Scientific, Waltham, MA, USA) according to the manufacturer’s instructions.

C-reactive protein (CRP), serum complement C3 and C4, erythrocyte sedimentation rate (ESR),
creatinine, 24-hproteinuria, and anti-DNA titer were only determined in the SLE groups.

2.4. Rotational Thromboelastometry

The kinetics of clot formation and fibrinolysis were assessed by rotational thromboelastometry
(ROTEM®, Pentapharm, Munich, Germany) with the recalcification of whole blood (NATEM®test).

The following parameters were recorded: clotting time (CT) (time from the start of clot formation
until an amplitude of 2 mm, in seconds); alpha angle (α) (the slope of the tangent line to the clotting
curve through the 20 mm amplitude that reflects the rate of fibrin polymerization, in degrees); the clot
firmness X min after CT; the maximal clot firmness (MCF, in mm); and clot lysis as the percentage of
clot lysedafter 60 min.

2.5. Analysis of Platelet Activation and Platelet Receptors

PRP was diluted 1:5 with HEPES buffer and incubated with either buffer, 100 μmol/L of thrombin
receptor-activating peptide (TRAP)-6 (Bachem, Switzerland), or 10 μmol/L of adenosine diphosphate
(ADP, Sigma, Madrid, Spain) at room temperature (RT). Later, fluorescein-isothiocyanate (FITC)-PAC1
(BD, Madrid, Spain), a monoclonal antibody (mAb) that recognizes only the activated conformation
of fibrinogen receptor, FITC-anti P-selectin mAb (BD Pharmingen, San Diego, CA, USA), or FITC
anti-CD63 mAb (BD, Madrid, Spain) were added and incubated for 15 min at RT. To determine the
platelet receptors, diluted PRP was incubated with phycoerythrin (PE) anti-CD41 mAb (Biocytex,
Marseille, France) or FITC anti-CD61mAb (BD, Madrid, Spain)—which recognized, respectively,
the αIIb and β3 subunits of fibrinogen receptor—or it was incubated with FITC anti-CD42a mAb
(BD, Madrid, Spain) or anti-CD42b mAb (BD Pharmingen, San Diego, CA, USA), against, respectively,
the GPIX and GPIbα subunits of von Willebrand factor (vWF) receptor. These samples were analyzed
using a FACScan flow cytometer (BD Biosciences, Madrid, Spain) after being diluted in 1:6 HEPES buffer.

2.6. Determination of Platelet-Leukocyte Aggregates

To determine the platelet-leukocyte aggregates, whole blood was diluted 1:10 in HEPES buffer
and coincubated with FITC anti-CD45 mAb (BD Pharmingen, San Diego, CA, USA), PE anti-CD41
mAb, and 50 μM of TRAP or 40 μM of ADP for 15 min at RT in the dark. Platelet-leukocyte aggregates
were defined as leukocytes positive for CD41.
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2.7. Determination of Phosphatidylserine Exposure on Platelet Surface and Caspase Activity

The surface exposure of phosphatidylserine (PS) in washed platelets was assessed by measuring
the binding of (FITC)-labeled Annexin V (BD Pharmingen, San Diego, CA, USA). Washed platelets
were resuspended in annexinV binding buffer (10 mM of HEPES, 10 mM of NaOH, 140 mM of NaCl,
2.5 mM of CaCl2, pH 7.4) and labeled with FITC-annexinV. After incubation for 15 min at RT in the
dark, the samples were analyzed by flow cytometry.

To analyze the caspase-3, -7, -8, and -9 activity, PRP was diluted 10-fold with isotonic HEPES
buffer containing 2 mM of CaCl2 and 2 mM of Gly-Pro-Arg-Pro acetate (Sigma Aldrich, Madrid, Spain)
to prevent fibrin formation, and either FAM-DEVD-FMK, FAM-LETD-FMK, or FAM-LEHD-FMK
(Millipore, Madrid, Spain). The samples were analyzed by flow cytometry.

2.8. Calibrated Automated Thrombogram

The procoagulant activity of MPs associated with their content of either tissue factor (TF) or PS
was determined, respectively, with MP reagent (4 μM of phospholipids) or PRP reagent (1 pM of
recombinant human TF) by calibrated automated thrombogram (CAT). All CAT reagents were from
Diagnostica Stago (Madrid, Spain). The thrombin generation was determined with a Fluoroskan FL
instrument (ThermoLabsystems, Helsinki, Finland) under the control of Thrombinoscope software,
version 3.6 (Thrombinoscope BV, Maastricht, Holand), filtered for excitation at 390 nm and emission
at 460 nm.

The following parameters were determined: lagtime (LT) (time from the start of the assay until
10 nM of thrombin is formed, in min), time to peak (ttPeak) (time required to reach the maximum
thrombin concentration, in min), peak height (Peak) (maximum thrombin concentration reached,
in nM), and endogenous thrombin potential (ETP) (the total amount of thrombin generated over time,
in nMxmin).

2.9. Neutrophil Isolation and Generation of Neutrophil Extracellular Traps

Neutrophils were isolated from 10 mL of whole blood from controls and from patients with
SLE using a Percoll gradient centrifuged at 500 g for 25 min at 5 ◦C. The isolated neutrophils
(2.5 × 106 cells/mL) were incubated with and without 100 nM of phorbol 12-myristate 13-acetate
(PMA) (Sigma-Aldrich, Madrid, Spain) for 45 min at 37 ◦C in Roswell Park Memorial Institute
(RPMI)-1640 medium (Invitrogen, Madrid, Spain). Later, the samples were centrifuged at 5000 g
for 3 min and resuspended in PRP from healthy controls. The Neutrophil Extracellular Traps (NETs)
formation was verified by fluorescence microscopy.

2.10. Assessment of Neutrophil Extracellular Trap Generation by Fluorescence Microscopy

Neutrophils were seeded on 12 mm cover glasses pretreated with poly-L-lysine (Sigma-Aldrich,
Sweden) in 24-well plates in 500μL of RPMI-1640 medium with and without 100 nM of PMA, for 45 min
at 37 ◦C. The samples were fixed with a final concentration of 2% paraformaldehyde for 15 min at RT.
Then, the preparations were blocked, adding 2% bovine serum albumin–phosphate-buffered saline
for 45 min at RT and incubated first with a 1:300 dilution of rabbit anti-human myeloperoxidase
(Dako, Madrid, Spain) and then with Alexa Fluor 488 goat anti-rabbit IgG (Invitrogen, Madrid,
Spain) for 45 min at RT in dark. Finally, the samples were embedded in mounting medium with
4′,6-diamidino-2-phenylindole (Vector Laboratories, Burlingame, CA, USA) and kept at 4 ◦C in the
dark until visualization with fluorescence microscopy using the Nikon Eclipse 90i microscope.

2.11. Thrombin Generation Associated with Neutrophil Extracellular Traps

Blood from healthy controls was drawn in 2 tubes with citrate as an anticoagulant (Vacutainer,
Madrid, Spain) and in 2 tubes with citrate plus 50 μg/μL of corn trypsin inhibitor (CTI) (Cell Systems
Biotechnologie, Troisdorf, Germany) to inhibit activated factor XII (FXII). One of each kind of tube
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was centrifuged to obtain PRP, and the others were centrifuged for PPP. PRP either with or without
CTI was adjusted to 1 × 105 platelets/μL with the corresponding PPP. Neutrophils were isolated from
healthy controls and from patients with SLE from citrated blood, as described above. Neutrophils
were added to wells at a final concentration of 2.5 × 105 cells to 40 μL aliquots of PRP from healthy
controls, with and without CTI, to perform CAT experiments after incubation for 30 min at 37 ◦C with
either buffer or 100 nM of PMA without the addition of any trigger.

2.12. Statistical Analysis

The Shapiro–Wilk test was used to assess the distribution of the data, and the results were
expressed as mean ± SD or median (p25–p75) depending on the distribution. The differences between
the 2 groups were assessed using the 2-tailed unpaired Student’s t-test or the non-parametric
Mann–Whitney U-test, as appropriate. The correlation analysis was performed using Pearson’s or
Spearman’s test. The GraphPad Prism 5 software (GraphPad Software version 5.03, GraphPad Software,
San Diego, CA, USA) was used for all the statistical analyses, and significance was set at p ≤ 0.05.

3. Results

3.1. Experimental Results

3.1.1. Features of the Patients with SLE

The study was performed on 32 patients with SLE treated at the Rheumatology Unit of the Gregorio
Marañón University Hospital and at the Internal Medicine Unit of La Paz University Hospital, with a
median age of 41.9 ± 12.9 years, who were recruited after signing informed consent. Eighty-eight sex-
and age-matched healthy controls, with a mean age of 38.3 ± 11.6 years, were recruited as controls at the
Blood Donation Center of La Paz University Hospital. The study was performed between January 2017
and October 2019. None of the patients had a history or signs or symptoms of thrombosis at inclusion.

A summary of the clinical and demographic data of the patients with SLE is shown in Table 1.

Table 1. Features of the patients with Systemic lupus erythematosus (SLE).

Patient
Disease

Duration
(Years)

Age
(Years)

Medication at the Time
of the Study

Concomitant Diseases SLEDAI-2K

1 23 44 No treatment 12

2 21 50
Omeprazole,

mycophenolate mofetil,
prednisone, calcifediol

Autoimmune
thrombocytopenia 6

3 9 35 Tramadol, levothyroxine,
prednisone, rituximab

Sjogren’s syndrome,
Graves-Basedow disease,

autoimmune hepatitis,
fibromyalgia

3

4 18 35
Ramipril, phenelzine,

abatacept,
immunoglobulins

4

5 26 32 No treatment Raynaud’s phenomenon,
endometriosis, 1

6 19 31 No treatment

Photosensitivity,
inflammatory

arthralgias,
lymphopenia

5

7 13 49
Ferrous sulfate,

omeprazole, prednisone,
belimumab, azathioprine

Sjogren’s syndrome 4

49



J. Clin. Med. 2020, 9, 3297

Table 1. Cont.

Patient
Disease

Duration
(Years)

Age
(Years)

Medication at the Time
of the Study

Concomitant Diseases SLEDAI-2K

8 19 35

Quetiapine, duloxetine,
omeprazole, diazepam,

hydroxychloroquine,
azathioprine, pregabalin,

prednisone, tramadol,
ferrous sulfate,

calcifediol, rituximab

2

9 27 57
Prednisone,

azathioprine,
belimumab, rituximab

14

10 12 46 Calcifediol 2

11 4 45

Clobetasol propionate,
trazodone, calcipotriol,

diazepam,
hydroxychloroquine,

calcifediol, pregabalin,
metamizole, omeprazole,

almotriptan, enalapril,
prednisone, sertraline,

mycophenolate mofetil,
abatacept, belimumab

Raynaud’s syndrome,
lupus nephropathy,
mixed dyslipidemia

2

12 10 29

Azathioprine,
hydroxychloroquine,

prednisone, omeprazole,
calcifediol, ferrous
sulfate, belimumab

Sjogren’s syndrome,
leukopenia/lymphopenia 7

13 2 45

Hydroxychloroquine,
prednisone, calcifediol,

levothyroxine,
azathioprine

0

14 15 33
Hydroxychloroquine,

azathioprine,
chondroitin sulfate

4

15 3 21 Hydroxychloroquine 4

16 23 61
Symbicort, enalapril,
tramadol, pregabalin,

azathioprine
0

17 10 31 No treatment 4

18 11 35

Methotrexate,
omeprazole, folic acid,

prednisone,
mycophenolate mofetil

2

19 22 41 Nifedipine,
hydroxychloroquine

Mixed connective tissue
disease, Raynaud’s

syndrome
2

20 24 56

Abatacept, furosemide,
fluoxetine, lorazepam,

amisulpride,
omeprazole, prednisone,

spironolactone

Rheumatoid arthritis,
Sjogren’s syndrome,

autoimmune hepatitis
4

21 6 67 Hydroxychloroquine,
calcifediol 0
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Table 1. Cont.

Patient
Disease

Duration
(Years)

Age
(Years)

Medication at the Time
of the Study

Concomitant Diseases SLEDAI-2K

22 8 62

Hydroxychloroquine,
omeprazole,

levothyroxine, diazepam,
paroxetine

2

23 23 58
Hydroxychloroquine,
prednisone, atenolol,

calcifediol
4

24 7 25 Hydroxychloroquine,
calcifediol, Robaxisal 10

25 4 65 Hydroxychloroquine,
prednisone, atorvastatin Arterial hypertension 8

26 9 40

Mycophenolate mofetil,
prednisone,

hydroxychloroquine,
enalapril, denosumab,
ranitidine, paroxetine,

calcifediol

0

27 8 22

Mycophenolate mofetil,
ursodeoxycholic acid,
hydroxychloroquine,
calcifediol, ranitidine

Alpha-thalassemia
minor, Raynaud’s

syndrome, secondary
hyperhidrosis

4

28 22 48

Hydroxychloroquine,
prednisone, calcifediol,

omeprazole,
cholecalciferol

2

29 12 40 Calcifediol 2

30 18 33
Prednisone,

hydroxychloroquine,
calcifediol

Atrial septal aneurysm,
Kikuchi-Fujimoto

disease, osteonecrosis
2

31 37 52
Omeprazole,

hydroxychloroquine,
amitriptyline, calcifediol

Depression 4

32 15 38 Hydroxychloroquine 0

Lymphocytes, erythrocytes, granulocytes, leukocytes, and platelet counts were reduced in the
patients with SLE (Table 2). The CRP, C3 and C4 levels, ESR, creatinine, proteinuria (24-h), anti-DNA,
IgA, IgM, and IgG levels were determined in most of the patients (Table 2).

3.1.2. Global Hemostasis in Patients with Systemic Lupus Erythematosus

To evaluate the global hemostasis and kinetics of clot formation, a ROTEM® test was performed
using whole blood. Patients with SLE showed a procoagulant profile compared with the control
samples (Figure 1). In the SLE patient group, we observed a shortening of the CT and a higher alpha
angle, amplitude at 15 min, and MCF. No differences were found in the clot lysis at 60 min.

In order to determine whether MPs might participate in the procoagulant profile of patients with
SLE, CAT was performed with different triggers that, according to the manufacturer, discriminate
between thrombin generation dependent on the PS or TF content of MPs. As shown in Table 3, the ETP
and peak of thrombin associated with the TF content of MPs was increased in patients with SLE.
Moreover, the peak correlated to disease duration (Spearman r = 0.4634, p = 0.0084).
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Table 2. Biochemical parameters in the healthy controls and patients with SLE.

Controls SLE p-Value Normal Range

Lymphocytes/μL 1.9 (1.6–2.4) 1.6 (1–1.8) 0.0093 * 1.2–3.4

Erythrocytes ×106/μL 4.3 (4.1–4.6) 4.1 (3.8–4.4) 0.0421 * 4–6

Monocytes ×103/μL 0.4 (0.3–0.5) 0.4 (0.2–0.4) 0.1046 0.1–0.6

Granulocytes ×103/μL 4 (2.9–5.3) 2.9 (2.3–3.6) 0.0065 * 1.4–6.5

Leukocytes ×103/μL 6.4 (5.3–7.6) 4.8 (4.2–5.7) 0.0012 * 4.5–10.5

Hemoglobin (g/dL) 13.2 (12.3–14.2) 12.9 (11.6–13.5) 0.1226 11–18

Platelets ×103/μL 247 (208–284) 194 (171.5–231) <0.0001 * 150–450

Hematocrit (%) 40.1 (38.4–43.7) 35.9 (34.4–39.8) 0.0004 * 35–60

MCV (fL) 94.6 (91.5–96.9) 92.4 (88.1–97) 0.2407 80–99.9

MCH (pg) 30.3 ± 1.6 28.6 ± 3.3 0.3037 27–31

MCHC (g/dL) 31.1 (31.3–32.9) 31.6 (30.7–32.3) 0.0976 33–37

RDW (%) 13.5 (12.8 –14.3) 14.1 (13.2–15.5) 0.1561 11.6–13.7

MPV (fL) 6.9 ± 0.8 7 ± 0.8 0.8931 7.8–11

Pct (%) 0.17 (0.15–0.19) 0.14 (0.12–0.19) 0.1210 0.190–0.36

PDW (%) 17.1 ± 0.8 17.3 ± 0.9 0.4936 0.190–0.36

CRP (mg/dL) n.d 0.2650 (0.12–0.6) - 0–0.5

C3 (mg/dL) n.d 88.4 (71.5–106) - 75–135

C4 (mg/dL) n.d 16.3 (11.8–20.7) - 14–60

Anti-DNA (mg/dL) n.d. 14 (2.9–23) - <15.00

ESR (mm) n.d 10.77 ± 0.6 - 2–20

Creatinine (mg/dL) n.d 0.72 ± 0.12 - 0.5–0.9

IgG (mg/dL) n.d. 1130 (910.5–1252) - 725–1900

IgA (mg/dL) n.d. 224.6 ± 92.32 - 50–350

IgM (mg/dL) n.d. 84 (61.6–107.5) - 45–280

Mann–Whitney or Student’s t-tests were performed, and data are expressed as median (percentile 25%–percentile 75%)
or mean± SD depending on the sample distribution. A p-value≤ 0.05 was set as significant, and * denotes significance.
MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin
concentration; RDW, red blood cell distribution width; MPV, mean platelet volume; Pct, plateletcrit;
PDW, platelet distribution width; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; n.d., not determined.

Figure 1. Procoagulant profile in patients with SLE. ROTEM® thromboelastography was performed
in whole blood. Detailed procedures and measured parameters are shown in “Materials and
Methods”. Student’s t-test or Mann–Whitney test was performed, and p ≤ 0.05 was set as significant.
SLE, systemic lupus erythematosus; CT, clotting time; A15, amplitude at 15 min; MCF, maximum
clot firmness.
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Table 3. Microparticle-associated procoagulant capacity in patients with SLE.

Controls Patients with SLE p

LT PRP-Reagent (min) 7.5 ± 3.8 7.8 ± 2.3 0.1280

Peak PRP-Reagent (nM) 90.5 ± 40.8 86.2 ± 52.5 0.1347

ttPeak PRP-Reagent (min) 12.1 ± 4.0 13.5 ± 3.2 0.1489

ETP PRP-Reagent (nM/min) 1021.0 ± 457.3 1107.0 ± 323.0 0.6076

LT MP-Reagent (min) 13.3 ± 3.2 13.2 ± 2.9 0.1186

Peak MP-Reagent (nM) 151.4 ± 36.5 253.8 ± 66.5 0.0021 *

ttPeak MP-Reagent (min) 16.1 ± 3.6 16.0 ± 3.3 0.1370

ETP MP-Reagent (nM/min) 1065.0 ± 241.8 1188.0 ± 313.6 0.0482 *

Data are expressed as mean ± SD. A p-value ≤ 0.05 was set as significant, and * denotes significance. Abbreviations:
LT, lag time; ttPeak, time to peak; ETP, endogenous thrombin potential.

3.1.3. Platelet Activation in Patients with Systemic Lupus Erythematosus

Platelets have an essential role in clot formation; thus, we tested whether they were involved in
the prothrombotic profile observed in the thromboelastogram of patients with SLE.

The platelets from patients with SLE presented basal activation, considering their increased PAC1
binding and major exposure of P-selectin and CD63 in quiescent conditions (Figure 2A). The basal
activation of the platelets from patients with SLE was not the consequence of an increased expression
of fibrinogen and vWF receptors on their surface (Figure S1). Moreover, we observed an increase in the
platelet/leukocyte aggregate formation under basal conditions in the patients with SLE (Figure 2B).
The percentage of platelet/leukocyte aggregate correlated with the ROTEM® parameters MCF
(Spearman r = 0.579, p = 0.030) and alpha angle (Spearman r = 0.532, p = 0.031) and with the basal
P-selectin exposure on the platelet surface (Spearman r = 0.429, p = 0.035), but did not correlate with
the platelet and leukocyte counts.The platelet activation in patients with SLE did not depend on the
platelet count. Moreover, the ROTEM parameters did not correlate with platelet activation markers.

Figure 2. Basal activity of fibrinogen receptor, surface exposition of P-selectin, platelet/leukocyte
aggregate formation and PS exposure. (A) PRP from healthy controls and patients with SLE was
incubated with either FITC-PAC1, FITC anti-P-selectin mAb, or FITC anti-CD63 mAb. (B) To test the
platelet/leukocyte aggregates, whole blood was incubated with PE anti-CD41 mAb and FITC-anti-CD45
mAb. (C) Annexin V binding was tested in washed platelets resuspended in the adequate buffer
(see Methods). Samples were analyzed by flow cytometry. The Mann–Whitney test was performed,
and p ≤ 0.05 was considered significant. Data are expressed as arbitrary units (mean fluorescence ×%
of positive cells (A), mean fluorescence of leukocytes positive for CD41 (B), or percentage of
positive cells (C)).
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The response to activation with either 100 μM of TRAP or 20 μM of ADP was similar in the
platelets from healthy controls and from patients with SLE (Figure S2).

3.1.4. Phosphatidylserine Exposure and Apoptosis in SLE Platelets

Platelets from patients with SLE bound more annexin on their surface than the controls,
indicating an enhanced PS exposure (Figure 2C). This fact did not appear to be related to enhanced
apoptosis, because the caspase activities were similar among groups (Figure S3).

3.1.5. Association between Coagulation Profile and Inflammatory State

An association between coagulation and inflammatory states has been reported [10]. Therefore,
we tested the plasma levels of PAI-1, which is considered a marker of vascular inflammation [11].
The PAI-1 levels were increased in patients with SLE (Figure 3A).

Figure 3. Plasminogen activator inhibitor-1 (PAI-1) levels in plasma and its correlation with ROTEM®

parameters. Plasma levels of PAI-1 (A) measured with enzyme-linked immunosorbent assay correlated
with A15 and MCF parameters (B). A Mann–Whitney test and Spearman’s correlation were performed,
and p < 0.05 was considered significant.

Furthermore, the PAI-1 levels correlated with the ROTEM® parameters A15 and MCF (Figure 3B),
suggesting an association between the PAI-1 plasma levels and the procoagulant state observed in
patients with SLE. On the contrary, the PAI-1 levels did not correlate with the disease activity index.

3.1.6. Thrombin Generation Associated with Neutrophil Extracellular Trap Formation

The plasma content of nucleic acids might contribute to the creation of prothrombotic profiles.
We observed that the plasma from patients with SLE had increased cfDNA in fluorescence units,
controls: 94.90 ± 21.29, SLE patients: 112.4 ± 26.59; p = 0.0211). In accordance with this observation,
the neutrophils from SLE patients, but not the controls, showed NETs in basal conditions (Figure 4).
Moreover, the neutrophils from these patients generated more NETs in the presence of 100 nM of PMA,
as confirmed by fluorescence microscopy (Figure 4).

To evaluate whether the increment in NETs observed in patients with SLE had consequences on
the hemostasis of these patients, we tested the thrombin generation of neutrophils from either patients
with SLE or controls in the presence of platelets from healthy controls. The neutrophils from patients
with SLE produced more thrombin than those from healthy controls under basal conditions and after
stimulation with 100 nM of PMA. These increments were avoided when PRP was collected from blood
samples drawn with CTI (Figure 5).
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Figure 4. Formation of NETs.NETs were evaluated in basal conditions and after stimulation with
100 nMof PMA. DNA (DAPI, blue), neutrophil myeloperoxidase (MPO, FITC, green), and DAPI/FITC
merge images areshown. Original magnification ×10.

Figure 5. Thrombin generation associated with NETs. The effect of NETs on the thrombin generation was
tested in either non-stimulated (A) or 100 nM of PMA-stimulated neutrophils (B) in the presence of PRP
from healthy controls adjusted to 1 × 105 platelets/μL, with (+) or without (−) CTI. Detailed procedures
are explained in “Materials and Methods”. A Mann–Whitney test was performed, and p < 0.05 was
considered significant.

4. Discussion

Analyses of the ROTEM® parameters in our cohort of patients showed a shortened CT and an
increased alpha angle and MCF, highlighting the hypercoagulable features of these patients despite
the fact that they had no antiphospholipid antibodies and no history of suffering thrombotic events.
However, K.S. Collins et al. [12], who tested the kinetics of clot formation employing another global
method, thromboelastography (TEG), found no differences in the TEG parameters between patients
with SLE and healthy controls. This discrepancy could be due to the trigger used to induce coagulation
in each case. These authors employed kaolin to activate the clotting cascade. Kaolin is a more powerful
trigger, but offers a minor sensitivity in detecting mild differences in coagulation kinetics. Differently,
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we used the non-activated rotational thromboelastometry, NATEM®, which is sensitive to any change
in the balance of the coagulation system, but has a low specificity [13]. Interestingly, other authors have
evaluated coagulation by TEG in a cohort of children with SLE, and they also found a procoagulant
profile; in this study, however, patients with antiphospholipid antibodies were not excluded [14].

In some of the patients from our cohort, SLE was accompanied by other syndromes such as
Raynaud and Sjögren, known to induce a procoagulant state [15,16] that might overlap with that
produced by SLE. Nevertheless, this does not seem to occur, because no differences were found among
groups of SLE patients without and with these accompanying syndromes.

We did not find a correlation between the activity index of the disease and the patients’ procoagulant
profile. A similar conclusion was drawn from a systematic review and meta-analysis performed by
Balloca et al. [17]. Despite the lack of correlation between the disease activity and procoagulant profile,
we compared the clinical features of SLE patients with an MCF higher than the mean value + SD of
MCF from healthy controls with those with an MCF within the normal range. We observed that,
while both groups had similar nephrological damage, those with a high MCF had approximately
1.5 times more muscular and cardiac compromise and three times more pulmonary and nervous system
clinical manifestations. Even when these data should be verified increasing the number of patients
in the cohort, our observation warns about the importance of maintaining patients with hemostatic
and coagulation parameters within normal ranges. Accordingly, some authors have proposed to treat
patients with SLE with prophylactic oral anticoagulant therapy [18].

Platelet number and function are important determinants in the kinetics of clot formation [12,19].
The platelet counts in our SLE cohort, despite being significantly lower than in the healthy control
group, were within a normal range. Thus, this difference was not expected to alter the ROTEM®

parameters and, if any effect was predictable, it was a hypocoagulable one.
Treatment in SLE aims at remission or low disease activity and the prevention of flares. Our cohort

of patients with SLE was treated according to the EULAR recommendations [20]. In patients
without treatment, disease was in remission. Nevertheless, due to the complex and diverse
nature of SLE pathogenesis, most of the patients need a combinatory therapy that may include
standard immunosuppressive drugs (corticosteroids, azathioprine, methotrexate, cyclophosphamide,
and mycophenolate) and monoclonal antibodies blocking CD20 (rituximab) or B-cell-activating factors
(belimumab). In particular, one of our patients received at the same time rituximab and belimumab.
This combination has been recently tested and demonstrated to reduce immune-complex-mediated
inflammation and NETs formation [21].

Most of the patients with SLE from our cohort were treated with hydroxychloroquine, a substance
known to have inhibitory effects on platelets [22]. Nevertheless, we and other authors [23] have
observed that platelets from patients with SLE are basally activated. This activation could be due,
at least in part, to the effect of the anti-dsDNA antibodies present in patients with SLE that may induce
platelet activation, demonstrated by the enhanced P-selectin expression and morphological platelet
changes [24]. However, the platelets from patients with SLE showed a reduced exposure of P-selectin
after TRAP and ADP stimulation. Similarly, Frelinger et al. had reported that platelets from children
with immune thrombocytopenia showed an increased P-selectin exposure in quiescent conditions but
not after stimulation with agonists [25]. This observation might be because the basal activation of
platelets causes either a reduction in the number or the exhaustion of secretory α-granules.

Another consequence of the basal activation of platelets from patients with SLE is the enhancement
of their interaction with leukocytes (present results and other authors [26,27]) through the binding of
P-selectin with the PSGL-1 present on the leukocytes’ surface. Once bound, the interaction between the
integrin αMβ2 on leukocytes and the GPIb on platelets produces a firm adhesion that contributes to
thrombosis [28]. Moreover, platelet–leukocyte interactions induce signals that amplify proinflammatory
cellular responses [29,30].

In accordance with their basal activation [31], platelets from patients with SLE exposed more
PS than platelets from healthy controls (Figure 2C). Given that the PS exposition on the surface of
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platelets provides a negatively charged scaffold for the binding of the tenase and/or prothrombinase
complexes that promote thrombin generation [32], it is tempting to speculate that this is an additional
mechanism through which platelets could participate in the procoagulant profile of patients with SLE.
The PS exposure on platelets from patients with SLE was due to activation and not to apoptosis [33],
because the caspase activities in their quiescent platelets were similar to those observed in platelets
from the healthy controls.

The procoagulant profile in patients with SLE might also be due to the presence of MPs released
by cells in response to activation or apoptosis. Given that SLE is characterized by chronic inflammation
and tissue damage, it is not surprising that blood from patients with SLE contains more MPs [34–36],
due to both activated and damaged cells. MPs support coagulation by the exposure of negatively
charged phospholipids and TF. We observed that our cohort of patients with SLE generated more
thrombin associated with the TF content of MPs, whereas no differences were observed in thrombin
generation linked to the PS content of MPs. These results might be explained because MPs from patients
with SLE are predominantly PS-negative [37]. Nevertheless, Pereira et al. has reported an increased
thrombin generation dependent on PS-associated MPs [36]. Moreover, other authors have described
the augmentation of MPs in patients with SLE, measuring their PS exposure [38]. These differences
might rely on the inclusion criteria for patients with SLE or/and the use of distinct technical approaches
for measuring MPs. Given that the MPs in SLE exhibit unique molecular and phenotypic features,
including the infrequent expression of PS, their role in the pathogenesis of SLE and their utility as
biomarkers have been suggested by many authors [35,39].

On the basis of the existence of a correlation between the procoagulant profile (the peak of
thrombin generation associated with MPs’ TFcontent) and disease duration (but not with the disease
activity index), it is tempting to speculate that chronic damage is more important than the current
disease activity for the hypercoagulable state of these patients. Nevertheless, it cannot be ruled out
that lack of correlation between coagulation parameters and disease activity might be due to our small
sample size.

The increase in TF-bearing MPs could come from damaged endothelial cells [40]. In support
of this observation, we and other authors [35,39] have observed increased plasma levels of PAI-1,
a marker of endothelial dysfunction, in patients with SLE. In addition, augmented PAI-1 accompanied
higher MCF values.

The damage to endothelial cells in SLE could be due, in part, to the presence of elevated levels
of a pathogenic neutrophil subset known as low-density granulocytes, which have been reported to
contribute to lupus pathogenesis through heightened proinflammatory responses, altered phagocytic
capacity, and vascular damage [41]. Moreover, this neutrophil subset tends to release more web-like
NETs [42,43], which are composed of cfDNA, histones, antimicrobial proteins, fibrinogen, FXII,
and TF [43,44]. This release explains the increased levels of cfDNA found in plasma from patients
with SLE. Moreover, most of the patients with SLE have a reduced ability to degrade NETs [42],
and the prolonged presence of NETs in plasma could promote a rupture of immune tolerance as well
as increase tissue damage [45]. These events lead to the formation of an amplification loop, in which
NET components induce autoantibodies, leading to the formation of more immune complexes which,
in turn, perpetuate NET formation. The experiments of Etulain et al. performed on mice showed an
increase in NETs in the presence of P-selectin and PSGL1 [46]. This could explain why the neutrophils
from patients with SLE were more susceptible to generating NETs due to basal platelet activation.

Moreover, enhanced NET formation has been associated with the promotion of coronary plaque
formation and lipoprotein dysregulation [47].

The increased thrombin generated by non-stimulated neutrophils from patients with SLE
(present results) could be explained by the fact that cfDNA triggers the intrinsic pathway of blood
coagulation [48]. NETs can bind FXII and cooperate with platelets to activate the intrinsic pathway [49].
In support of this observation, NET-related thrombin generation was prevented in the presence of CTI,
an inhibitor of the contact phase of coagulation activation (present results and [50]).
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One of the limitations of the study is that the patients were receiving different treatments that
might modify hemostasis, as mentioned above for hydroxychloroquine, and that we did not recruit
enough patients for stratifying them according to the medication they were receiving.

Traditional cardiovascular risk factors do not fully explain the high rates of ischemic events in
patients with SLE, and standard risk calculations underestimate the risk of developing cardiovascular
disease. Previous reports have already shown similar results to those presented in this work—platelets
from SLE patients are activated [27] and increments were observed in circulating MPs [36],
platelets/leukocyte aggregates [26], and PAI-1 [39] and cfDNA [51] plasma levels. Importance of our
work relies on the fact that all these variables were evaluated in the same cohort of patients, allowing us
to detect the relationship between the different mechanisms involved. In addition, the effects observed
were independent of antiphospholipid antibodies because their presence was an exclusion criterion.
Another key point is that our results suggest the utility of global tests for studying hemostasis in
these patients, because a procoagulant profile was detected despite the fact that they had neither
antiphospholipid antibodies nor any previous thrombotic event. A global appraisal of hemostasis takes
into account the relationships among all the mechanisms involved (platelets, the thrombin generation
associated with MPs, cfDNA) and should, if possible, be incorporated into clinical practice to detect
the risk of a thrombotic event in patients with SLE and to consequently act to prevent its occurrence,
as recommended in the updated guide of EULAR [20].

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/10/3297/s1,
Figure S1: Fibrinogen and von Willebrand factor (vW Factor) receptors expression on quiescent platelets.
Platelets were incubated with PE-anti CD41 and FITC-anti CD61 mAbs to detect fibrinogen receptor and with
FITC-anti CD42a and FITC-anti CD42b mAbs to test vW Factor receptors. Data are expressed as mean fluorescence
(MF). Samples were analyzed by flow cytometry. Figure S2: Platelet’s activation markers. Platelets were stimulated
with either 100 μM of TRAP or 20 μM of ADP, and FITC-PAC1, FITC-anti P-selectin mAb, and FITC-anti CD63
mAb were added. Data are expressed as % of positive cells. Samples were analyzed by flow cytometry. Figure S3:
Caspase activities in quiescent platelets. Data are expressed as % of positive cells. Samples were analyzed by
flow cytometry.
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Abstract: Objective: T cell immunoglobulin and mucin-domain-containing molecule 3 (TIM-3) is
implicated in the development of various autoimmune diseases. We aimed to investigate the levels of
soluble TIM-3 (sTIM-3) and their associations between clinical parameters in patients with systemic
lupus erythematosus (SLE). Methods: Serum samples were collected from 65 patients with SLE and
35 age-matched healthy controls (HCs). The SLE Disease Activity Index 2000 (SLEDAI-2K) and
the Systemic Lupus International Collaborating Clinics (SLICC) damage index (SDI) were used to
assess SLE disease activity and SLE-related organ damage. British Isles Lupus Assessment Group
(BILAG)-2004 index was also used to assess SLE disease activity. Soluble TIM-3 (sTIM-3) in sera
from patients with SLE and HCs were evaluated by enzyme-linked immunosorbent assay (ELISA).
The results were compared with the clinical parameters of SLE including SLE disease activity. Results:
Serum sTIM-3 levels in patients with SLE (median 2123 pg/mL (interquartile range (IQR), 229–7235))
were significantly higher than those in HCs (1363 pg/mL; IQR, 1097–1673; p = 0.0015). Serum levels of
sTIM-3 were correlated with disease activity of SLE using the SLEDAI-2K score (p < 0.001, r = 0.53).
The serum sTIM-3 levels in SLE patients with active renal disease (BILAG renal index A-B) were
significantly higher than those without the active renal disease (BILAG renal index C–E). However,
no significant difference was observed in serum sTIM-3 levels between SLE patients with and without
active involvement in other organs (BILAG index). Serum sTIM-3 levels were significantly elevated
in SLE patients with organ damage (2710 pg/mL; IQR, 256–7235) compared to those without organ
damage (1532 pg/mL; IQR, 228–5274), as assessed by the SDI (p = 0.0102). Conclusions: Circulating
sTIM-3 levels are elevated in SLE patients, and serum sTIM-3 levels are associated with SLE disease
activity and SLE-related organ damage. The data indicate a possible link between the TIM-3/Gal-9
pathway and SLE clinical phenotypes, and further investigation of the TIM-3 pathway in SLE
pathophysiology is warranted.

Keywords: galectin 9; systemic lupus erythematosus; T cell immunoglobulin domain and
mucin-domain-containing molecule 3

1. Introduction

Immune checkpoint receptors of co-inhibitory or co-stimulatory molecules are major components
of the immune system [1]. As a negative checkpoint receptor, T cell immunoglobulin and
mucin-domain-containing molecule 3 (TIM-3) and its ligand galectin 9 (Gal-9) are thought to be
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involved with the pathogenesis of autoimmune diseases [2]. TIM-3 is a transmembrane glycoprotein
mainly expressed in Th1 and Th17 cells [3]. TIM-3 plays a central role in immune tolerance because
the TIM-3/Gal-9 pathway regulates Th1 immunity through apoptosis induction [4], and blocking
this interaction results in exacerbated autoimmunity [5]. Systemic lupus erythematosus (SLE) is a
systemic autoimmune disease characterized by autoantibody production, immune complex deposition,
and cytokine activation [6]. Although the etiology of SLE is complex, it is thought that disrupted
self-tolerance leads to activate autoreactive T cells, which subsequently promote auto-antibody
production by autoreactive B cells [7]. The role of immune co-inhibitory or co-inhibitory systems in
anti-tumor immune responses has been demonstrated to be important by the recent success of immune
checkpoint blockade in cancer therapy [8]. However, blocking inhibitory immune checkpoint receptors
often causes immune-mediated adverse events (irAEs), which are similar to autoimmune diseases [9].
Conversely, blocking immune responses by enhancing co-inhibitory signals or blocking co-stimulatory
signals is a promising therapeutic approach for treating autoimmune diseases [10]. In SLE patients,
the TIM-3 ligand, Gal-9, is upregulated and correlates with interferon-signature gene expression [11].
These findings indicate that the TIM-3/Gal-9 pathway plays an important role in Th1 and Th17 immune
response and blockage of the TIM-3/Gal-9 interaction results in exacerbated autoimmune diseases [12].
Expression of TIM-3 on peripheral blood mononuclear cells (PBMCs) isolated from SLE patients is
associated with SLE disease activity [13]. TIM-3 can be shed from the cell surface by a-disintegrin-like
and metalloproteinase with thrombospondin type 1 motifs (ADAM) 10 or ADAM17-mediated cleavage
within the TIM-3 stalk region, resulting in a soluble form of TIM-3 (sTIM-3) [14], which is elevated in
the sera of patients with autoimmune diseases [15]. In the present study, we quantified circulating
sTIM-3 in both patients with SLE and healthy control subjects. We also investigated the associations
between circulating sTIM-3 and clinical parameters of SLE, including disease activity.

2. Materials and Methods

2.1. Patients and Clinical Evaluations

All patients enrolled in this cohort study were diagnosed with SLE at the Department
of Rheumatology, Fukushima Medical University Hospital, from June 2009 to September 2019.
The enrolled SLE patients had to be older than 17 years to be diagnosed as SLE according to the
American College of Rheumatology (ACR) 1997 criteria [16]. A total of 65 Japanese patients with SLE
were recruited within 32 months (mean 18 months, range 0–32) from diagnosis with SLE. In patients
with SLE, their medical histories and clinical findings were collected by reviewing electronic medical
records. Disease activity of SLE was assessed according to the Systemic Lupus Erythematosus Disease
Activity Index (SLEDAI) [17]. Chronic organ damage was assessed by the Systemic Lupus International
Collaborating Clinics (SLICC) damage index (SDI) [18]. Disease activity of SLE was also assessed
using the British Isles Lupus Assessment Group (BILAG)-2004 index, which was proposed to assess
the disease activity of SLE using eight systems [19]. The total BILAG-2004 index was calculated by
assigning the following numerical values to each BILAG index (BILAG Grade A = 12, B = 5, C = 1,
D = 0, E = 0). Thirty-five healthy controls (HCs) (14 men, 21 women (median age 42 years); interquartile
range (IQR), 35–52) were included in this cohort. Ethical approval was obtained for this study from
the Committee of Fukushima Medical University International Review Board (No. 30285). Written
informed consent was obtained from each individual. All research was performed under the principles
of the Declaration of Helsinki.

2.2. Enzyme-Linked Immunosorbent Assay for Soluble TIM-3

Serum sTIM-3 levels from patients with SLE and HCs were measured by the human enzyme-linked
immunosorbent assay (ELISA) kit (R&D Systems, Inc. Minneapolis, MN, USA), according to the
manufacturer’s instructions.
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2.3. Statistical Analysis

Results were non-normally distributed, and they are presented as median and 25th and 75th
percentiles (median (IQR)). A nonparametric test by Mann–Whitney’s U test was used to determine
the statistical significance of the data. Spearman’s rank correlation test was used to test the correlations
between serial variables.

3. Results

3.1. Demographic and Clinical Characteristics of SLE Patients

Sixty-five patients with SLE and 35 healthy control subjects (HCs) were included in this study.
The overall baseline demographic and clinical characteristics of the SLE patients are summarized in
Table 1. Of these, 55 (84%) of SLE patients were women and 10 (16%) were men, median age was
33 years (range 16–79), and median disease duration was 55 months (range 1–420). Sixty (92%) patients
had baseline SLEDAI-2K > 4 and 37 (57%) patients had organ damage (SDI ≥ 1). There were no
statistically significant differences in sex or age distribution between patients with SLE and HCs.

Table 1. General characteristics of 65 Japanese systemic lupus erythematosus patients.

Characteristics n = 65

Sex
Female, n (%) 56 (84)
Male, n (%) 11 (16)
Median age (range), years 33 (16–79)
Median disease duration of SLE (range), months 55 (1–420)
Untreated patients, n (%) 55 (83)
Items of SLE classification criteria, n (%)
Rash 32 (48)
Alopecia 3 (4)
Oral ulcer 5 (7)
Arthritis 22 (33)
Serositis 17 (25)
Renal disorder 38 (57)
Laboratory findings, n (%)
Leukocytopenia 25 (37)
Thrombocytopenia 18 (27)
Anti-double stranded-DNA antibody positive 52 (78)
Anti-smith antibody positive 31 (46)
Anti-phospholipid antibody positive 28 (42)
Median SLEDAI, index (range) 14 (0–50)
Median SDI, index (range) 1 (0–4)

SLE: systemic lupus erythematosus, SLEDAI: SLE disease activity index, SDI: Systemic Lupus International
Collaborating Clinics (SLICC) damage index.

3.2. Correlation between Serum sTIM-3 Levels and Disease Activity of SLE

sTIM-3 levels in sera were determined by ELISA in patients with SLE and HCs. Soluble TIM-3
levels were significantly higher in patients with SLE (2123 pg/mL (IQR, 229–7235)) than those in HCs
(1363 pg/mL; IQR, 1097–1673; p = 0.0015; Figure 1). We also analyzed the correlations between sTIM-3
levels and SLE disease activity. Serum sTIM-3 levels showed a significant correlation with disease
activity when using the SLEDAI-2K (Figure 2A, p < 0.001, r = 0.53). Serum sTIM-3 levels showed
a negative correlation with serum levels of complement (C) 3 (Figure 2B, p = 0.038, r = −0.26) and
complement (C) 4 (Figure 2C, p = 0.047, r = −0.25), but not with anti-double stranded-DNA antibody
titer (Figure 2D, p = 0.085, r = 0.21).
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Figure 1. Serum sTIM-3 levels in SLE patients (n= 65) and healthy controls (n= 35). Soluble TIM-3 levels
of SLE patients were significantly higher than those in healthy controls. Median sTIM-3 levels (bar) are
displayed and statistical analysis was conducted using the Mann–Whitney’s U test. sTIM-3: soluble T
cell immunoglobulin and mucin-domain-containing molecule 3, SLE: systemic lupus erythematosus.
** p < 0.01 is considered as statistically significant.

Figure 2. Correlations between serum sTIM-3 levels and clinical parameters in SLE patients. Serum
sTIM-3 levels were significantly positively correlated with SLEDAI-2K (A) and negatively correlated
with serum levels of C3 (B) and C4 (C). No significant correlation was observed between serum sTIM-3
levels and anti-double-stranded (ds) DNA antibodies (D). Statistics and regression lines are shown
by solid lines. sTIM-3: soluble T-cell immunoglobulin and mucin-domain-containing molecule 3,
SLEDAI-2K: Systemic Lupus Erythematosus Disease Activity Index 2000, C3: complement 3, C4:
complement 4.

3.3. Serum Levels of sTIM-3 and Organ Involvement Measured by the BILAG-2004 Index

The BILAG-2004 index categorizes disease activity into five different levels from A to E, in which
A represents the most active form of the disease and E implies the system has never been active [20].
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Among the eight BILAG grading domains, active organ involvement was identified mainly in the
renal, neurological, and hematological domains (Table 2). The serum sTIM-3 levels in SLE patients
with active renal involvement (BILAG index A–B) were significantly elevated compared to those
without active renal involvement (BILAG index C–E) (Figure 3). However, no significant difference
was observed in serum sTIM-3 levels between SLE patients with or without active neurological or
hematological involvement.

Table 2. Disease activity of SLE patients using the British Isles Lupus Assessment Group
(BILAG)-2004 index.

BILAG Grade (n = 65)

Manifestations A B C D E

General 3 14 16 4 29
Mucocutaneous 1 5 19 6 35
Neurological 2 10 1 1 52
Musculoskeletal 2 4 14 4 42
Cardiovascular/respiratory 0 6 9 3 48
Abdominal 1 7 0 1 57
Renal 15 6 6 5 34
Hematological 2 15 36 3 10
Ophthalmic 1 4 6 2 53

BILAG grades A: severe, B: intermediate, C: mild, D: inactive, E: no activity.

Figure 3. Serum sTIM-3 levels in patients SLE (systemic lupus erythematosus) patients with or without
active organ involvement. Comparison of serum sTIM-3 levels between SLE patients with active
organ involvement (BILAG general, renal, neurological, and hematological indexes A–B) and without
active organ involvements (BILAG index C–E). BILAG: British Isles lupus assessment Group, sTIM-3:
soluble T cell immunoglobulin and mucin-domain-containing molecule 3. **, p < 0.01 is considered as
statistically significant.

We compared the serum levels of sTIM-3 between SLE patients with and without proteinuria.
Serum levels of sTIM-3 were significantly higher in SLE patients with proteinuria compared to those

66



J. Clin. Med. 2020, 9, 3563

without proteinuria (proteinuria negative; n = 20; 1361 pg/mL; IQR, 889–2114, versus proteinuria
positive; n = 35; 2711 pg/mL; IQR, 2108–4536; p < 0.001). Similarly, serum levels of sTIM-3 were
significantly elevated in SLE patients with microhematuria compared to those without microhematuria
(microhematuria negative; n = 39, 1693 pg/mL, IQR, 896–2644, versus microhematuria positive; n = 26;
2911 pg/mL; IQR, 2156–5139; p < 0.001).

3.4. Circulating Levels of sTIM-3 and Organ Damage Measured by the SDI

Finally, we compared serum sTIM-3 levels between SLE patients with or without organ damage
(Figure 4). SLE patients were subdivided into two groups based on the presence of at least one organ
damage (SDI ≥ 1) (n = 37). In SLE patients with SDI ≥ 1, involvement of the ocular (n = 11, 29%), renal
(n = 8, 21%), neuropsychiatric (n = 6, 16%), musculoskeletal (n = 5, 13%), and respiratory (n = 5, 13%)
domains were most prevalent. Serum sTIM-3 levels were significantly elevated in SLE patients having
at least one organ damaged (SDI ≥ 1) (2710 pg/mL; IQR, 256–7235) than those without organ damage
(SDI = 0) (1532 pg/mL; IQR, 228–5274; p = 0.0102).

Figure 4. Serum sTIM-3 levels in SLE patients with or without organ damage. Comparison of
serum sTIM-3 levels between SLE patients with at least one organ damaged (SDI ≥ 1) and those
without organ damage (SDI = 0). Raised serum sTIM-3 levels were shown in SLE patients with
at least one organ damage compared with those without organ damage. sTIM-3: soluble T-cell
immunoglobulin and mucin-domain-containing molecule 3, SDI: Systemic Lupus International
Collaborating Clinics/American College of Rheumatology Damage Index. *, p < 0.05 is considered as
statistically significant.

4. Discussion

TIM-3 is expressed on the surface of terminally differentiated T cells and has been implicated in
the pathogenesis of Th1-driven autoimmune diseases by negatively regulating the T cell response [21].
The identification of Gal-9 as a ligand for TIM-3 revealed that the TIM-3/Gal-9 pathway is an important
regulator of Th1 immunity and immune tolerance [22]. SLE is a Th1-dependent human autoimmune
disease that is characterized by autoantibody production and immune complex deposition [23].
Although relationships between SLE and immune co-signaling pathways have been identified,
TIM-3/Gal-9 interactions in the pathogenesis of SLE have yet to be clarified.

In the present study, we demonstrated that serum sTIM-3 levels were significantly higher in
SLE patients than in HCs. We found a positive correlation between serum sTIM-3 levels and SLE
disease activity. Additionally, serum sTIM-3 levels were significantly higher in SLE patients with
active renal involvement compared with patients without renal lesions. Thus, the relationship between
serum sTIM-3 and SLE disease activity or SLE-related organ involvement indicates that serum sTIM-3
can reflect the SLE disease activity. Higher disease activity in SLE patients can increase the risk of
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subsequent organ damage [24]. Furthermore, circulating sTIM-3 levels can be used to discriminate
between SLE patients with and those without organ damage, as measured by the SDI. Accumulated
organ damage, which was measured with the SDI, seems to be related to cumulative disease activity
over time or the frequency of severe disease flares. However, this damage index can be influenced by
causes that are disease- or treatment-related or the result of concomitant disease. The results indicated
that serum levels of sTIM-3 are notable as a clinically useful biomarker and can be a predictor for SLE
disease activity.

The TIM-3/Gal-9 coinhibitory pathway is thought to be an important modulator of
autoimmunity [5]. In SLE patients, the CD3+CD4+TIM3+ T cell subset was shown to be increased
compared with those in HCs, and TIM-3 expression on T cells correlates with SLE disease activity [25].
Elevated serum levels of Gal-9 were also demonstrated in SLE patients [11,26]. It can be concluded
that the TIM-3/Gal-9 pathway activation works in SLE patients as an anti-immune mediator.
The administration of intraperitoneal Gal-9 to lupus-prone mice ameliorated their proteinuria and
arthritis by decreasing anti-double stranded-DNA antibody levels [27]. However, this pathway can be
modulated by the sTIM-3 that is shed from TIM-3 expressed on the surface of the immune cells [28].
TIM-3/Gal-9 interaction may result in T cell exhaustion; in contrast, sTIM-3 seems to have alternative
effects against this feedback mechanism. Of note, a soluble form of a receptor may not always result in
receptor blockage; further studies are needed to determine the source of serum sTIM-3 and the role of
sTIM-3 in SLE pathophysiology.

Jin et al. found an increased level of serum sTIM-3 in SLE patients that was correlated with
increased serum IL-17 levels [29]. They also reported that serum sTIM-3 levels were significantly
lower in SLE patients with lupus nephritis and that there was no significant correlation between
sTIM-3 levels and SLEDAI scores [29]. In contrast, our data showed a positive correlation between
serum levels of sTIM-3 and SLEDAI scores or active renal involvement determined by BILAG-2004
scores. These discrepancies could be caused by the variations in the demographic data of the SLE
patients studied; in our study, we enrolled untreated patients and patients with active SLE. A further
longitudinal study with a large number of SLE patients with different disease phenotypes is required
to determine the role of sTIM-3 in SLE pathophysiology.

However, three major limitations should be noted in the present study. First, the sample size was
relatively small, which limited the statistical power of this study. Second, our study did not address the
organ damage of SLE specifically, which would require a repeated assessment of SLE disease activity
over a longer period. Third, the mechanism through which TIM-3/Gal-9 pathway contributes to the
pathogenesis of SLE was not clarified. Further research involving a large sample size is required to
evaluate the usefulness of sTIM-3 determination in patients with SLE.

5. Conclusions

Our data indicate that patients with SLE have higher circulating levels of sTIM-3 compared
with healthy subjects and that sTIM-3 levels correlate with SLE disease activity. These findings
indicate a close association between circulating sTIM-3 and active SLE or particular SLE-related organ
involvement. This highlights the need for future research to clarify how this association contributes to
the development of SLE.

Author Contributions: Conceptualization, T.A., Y.F., N.M., J.T., S.S., H.M., M.Y.-F., E.S., H.K., and H.W.;
methodology, T.A. and K.M.; validation, T.A. and K.M.; formal analysis, T.A., Y.F., and N.M.; investigation, T.A.,
Y.F., and N.M.; resources, T.A., Y.F., and N.M.; data curation, T.A.; writing—original draft preparation, T.A. and
K.M.; writing—review and editing, T.A. and K.M.; visualization, K.M.; supervision, K.M.; project administration,
K.M.; funding acquisition, K.M. All authors have read and agreed to the published version of the manuscript.

Funding: The study was supported by the Japan Grant-in-Aid for Scientific Research (20K08777).

Acknowledgments: We would like to thank Sachiyo Kanno who provided us technical assistance in this study.

Conflicts of Interest: K.M. has received research grants from Chugai, Pfizer, Eli Lilly, and AbbVie. The rest of the
authors declare that they have no competing interests.

68



J. Clin. Med. 2020, 9, 3563

Abbreviations

ADAMTS a disintegrin and metalloproteinase with a thrombospondin type 1 motif
BILAG-2004 British Isles Lupus Assessment Group 2004
IQR Interquartile range
Gal-9 Galectin-9
SLE Systemic lupus erythematosus
SLEDAI Systemic Lupus Erythematosus Disease Activity Index
SLICC Systemic Lupus International Collaborating Clinics
TIM-3 T cell immunoglobulin and mucin-domain containing 3
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Abstract: Systemic lupus erythematosus (SLE) is an immune-mediated multi-systemic disease charac-
terized by a wide variability of clinical manifestations and a course frequently subject to unpredictable
flares. Despite significant advances in the understanding of the pathophysiology and optimization of
medical care, patients with SLE still have significant mortality and carry a risk of progressive organ
damage accrual and reduced health-related quality of life. New tools allow earlier classification
of SLE, whereas tailored early intervention and treatment strategies targeted to clinical remission
or low disease activity could offer the opportunity to reduce damage, thus improving long-term
outcomes. Nevertheless, the early diagnosis of SLE is still an unmet need for many patients. Further
disentangling the SLE susceptibility and complex pathogenesis will allow to identify more accurate
biomarkers and implement new ways to measure disease activity. This could represent a major step
forward to find new trials modalities for developing new drugs, optimizing the use of currently
available therapeutics and minimizing glucocorticoids. Preventing and treating comorbidities in SLE,
improving the management of hard-to-treat manifestations including management of SLE during
pregnancy are among the remaining major unmet needs. This review provides insights and a research
agenda for the main challenges in SLE.

Keywords: systemic lupus erythematosus; review; disease activity; damage; glucocorticoids

1. Introduction

Despite great improvements in treatment strategies leading to an improved progno-
sis [1–3], numerous challenges and unmet needs remain for the diagnosis and therapeutic
management of Systemic Lupus Erythematosus (SLE) [4,5]. In this review we will provide
an overview of the main unmet needs in the field of SLE (Figure 1), as a way to inform
physicians, policy makers, funding institutions, and more generally the broad scientific
community about the challenges and opportunities which remain in SLE research and
clinical care.
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Figure 1. Overview of the main unmet needs in the field of Systemic Lupus Erythematosus (SLE).

2. Promoting Early Diagnosis

SLE is a complex disease with variable phenotypes and clinical manifestations. SLE
onset is often insidious, with clinically evident disease developing over years. In addition,
a variety of conditions may mimic SLE [6], including infectious and hematologic diseases,
and for all these reasons the diagnosis may be delayed. It should not be surprising the
median reported delay in SLE diagnosis is approximately 2 years.

It is common feeling that the early diagnosis of SLE can be beneficial by allowing early
intervention and potentially improving short and long-term outcomes [5]. There is few
evidence supporting this assumption and mainly derives from administrative database
analysis showing that the patients with early diagnosis (<6 months between probable SLE
onset and diagnosis) had lower rates of flares and hospitalizations compared with the late
diagnosis patients (≥6 months) [7]. However, a clear identification of an early time frame
between onset and diagnosis by which there are superior clinical responses and higher
rate of remission in SLE patients has not been identified. Therefore, it is not proven that a
window of opportunity really exists in SLE and a generally accepted definition of early
disease is still lacking.

The identification of clinical and serological features useful in the differential diagnosis
of patients with recent SLE onset [8] has facilitated the definition of classification criteria
with greater sensitivity and specificity for early SLE compared to the previous validated
criteria set [9]. Nonetheless, a recent single-center retrospective study suggested that
7–17% of patients diagnosed as having early SLE are not correctly classified using the
EULAR/ACR 2019 [9], SLICC 2012 [10] and ACR 1982/1997 [11] criteria individually,
while the combined use of all three sets of criteria ensured the classification of 94–98%
of patients [12]. New tools for SLE classification are a major step forward for scientific
purpose and may help in the earlier recognition of the disease, but they are not developed
and should not be used for diagnostic purpose.

One major challenge is to implement effective strategies for earlier SLE diagnosis.
These would take on greater value if a window of opportunity for SLE patients will be
found and proven to improve outcomes including damage, death, recurrent flares, and
Health-Related Quality of Life (HRQoL) measures.

3. Targeting Disease Remission (or Low Disease Activity)

Preventing flares and reducing damage accrual trough control of disease activity and
reduction or withdrawn of glucocorticoids (GCs) are major challenges in SLE management
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and represents some of the objectives of the treat-to-target strategy for SLE (T2T/SLE) [13].
The T2T/SLE identified remission or low disease activity as the most important targets
in SLE treatment, while it was recognized that there was no clear definitions for them.
Recent advances in T2T/SLE include relevant definitions of clinical remission (CR) on
treatment [14,15] and Lupus Low Disease Activity State (LLDAS) [16]. These definitions
recognize the importance of durable absence or residual of disease activity measured using
validated tools (SLEDAI, PGA), together with a stable treatment with antimalarials and/or
immunosuppressants and a low GCs dose (prednisone ≤5 mg/day in CR and ≤7.5 mg/day
in LLDAS). Although there is an ongoing debate around the potential overlap between
CR and LLDAS definitions [17], they have been widely studied and resulted predictive of
lower damage accrual in both newly diagnosed and long-standing SLE cohorts [18–21].
Interestingly, CR and LLDAS resulted independently associated with lower early damage
accrual in an inception SLE cohort [22], confirming that CR is recommended as the primary
treatment target in SLE and LLDAS represents a valid alternative also in the early stage of
SLE management. Recently, the LLDAS has been prospectively validated as a SLE treatment
endpoint in a multicenter international cohort demonstrating significant protection against
flare and damage accrual [23].

Although LLDAS may represent a sufficiently validated outcome to be applied in
clinical practice and trials, we still believe that treatment in SLE should aim at remission
unless otherwise possible. Therefore, a major challenge is represented by the need to
adequately validate existing definitions of CR in order to identify an attainable remission
treatment endpoint, which should be indeed predictive of outcomes including damage,
recurrent flares and death. Moreover, further data are needed on the role of CR and LLDAS
in predicting better HRQoL outcome.

4. Considering New Ways to Assess Disease Activity

The quantification of disease activity in SLE represents a complex multi-dimensional
concept, encompassing the physician evaluation of specific clinical manifestations at-
tributed to SLE, the efficacy and response to prescribed medications and the patient
personal feelings.

There are several physician-centered indices for disease activity assessment in SLE.
Well-established measures exist to assess disease activity in specific organ (e.g., the Cutaneous
Lupus Erythematosus Disease Area and Severity Index) but lack in others (e.g., musculoskeletal
or renal manifestations). On the other hand, several tools have been developed to assess
the overall disease activity. The most used include the SLE disease activity index (SLEDAI)
and its evolutions, the British Isles Lupus Assessment Group (BILAG) and its revision, the
European Consensus Lupus Assessment Measure (ECLAM), and the physician’s global
assessment (PGA) by visual analogue scale. None of them have shown sufficient accuracy
and sensitivity to change to be used alone as primary endpoints in RCTs. The PGA also
suffers from reduced reliability suggesting the major need for standardization of its scor-
ing [24,25]. We have therefore initiated an international collaboration to standardize the
rating of the PGA in SLE (the PISCOS Study). Accordingly, novel composite outcomes
such as the SLE responder index (SRI), which is based on the improvement of the SLEDAI
with no worsening of the BILAG and the PGA, have appeared. Despite being consid-
ered more accurate in evaluate responsiveness to treatment, the SRI carries disadvantages
of the individual indices from which it is composed, not least the need for clinician to
judge if each manifestation is due to SLE or not. Recently, the SLE disease activity score
(SLE-DAS), a continuous global score showing higher sensitivity to change and specificity
than SLEDAI-2K [26], has been developed and is waiting for extensive validation. The
patient component of disease assessment in SLE is not straightforward as patients tend to
assess fatigue and pain, which are hardly related to disease activity.

Lupus patients and physicians are facing the need for more objective, reliable and
reproducible ways to assess disease activity. Identifying new biomarkers of overall and
organ specific disease activity and implementing their use in composite index may repre-
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sent a major step forward. The application of deep machine-learning approaches would
be helpful in the early identification of unfavorable individual patient trajectories among
large SLE cohorts.

5. Minimizing the Use of Glucocorticoids

GCs still play a pivotal role in the treatment of SLE, especially in case of severe
manifestations. However, several studies have emphasized the detrimental effects of
chronic GCs therapy, particularly the increased risk for irreversible organ damage accrual. It
has remained unclear which, if any, daily prednisone (equivalent) dose best prevent damage.
Although <7.5 mg/day seem to minimize risk, even lower daily doses (4.4–6 mg/day)
have been associated with a significant increase of damage [27]. In a recent multicenter
Italian inception study, GC-related damage was independently associated with cumulative
dose and steadily increased over time despite the reduced median daily prednisone dose
below 5 mg since 12-month of follow-up [28]. However, it is not yet understood if and
when GSs can be withdrawn [29]. In a survey by the SLICC group, almost 33% of patients
never discontinued GCs after a mean follow-up of 7.26 years [30]. An observational study
suggested that GC withdrawal is an achievable goal in SLE and may be attempted after a
long-term remission or LLDAS to protect the patient from disease flares [31]. Contrarily, a
randomized control trial (RCT) showed that patients with quiescent SLE who discontinued
low-dose prednisone (5 mg/day) experienced significantly more flares than those who
maintained this treatment [32].

Several challenges about the use of GCs in SLE emerged from these findings. Future
RCTs should specifically address strategies to design effective GC tapering scheme enabling
the use of the minimal possible dose of GCs for the shortest duration while minimizing the
risk of flare. Moreover, when testing the efficacy of newly developed medication for the
management of SLE, steroid sparing should be included in the assessment by means of
cumulative GC doses or GC-related adverse events.

6. Developing More Effective Drugs and Optimizing the Use of Those
Currently Available

The therapeutic management and global prognosis [33] of SLE have profoundly
evolved over the years [2]. Following the discovery of GCs by Hench in the 40′, post-WW2
chemistry has brought many conventional immunosuppressive agents such as cyclosporine,
azathioprine, cyclophosphamide, and more recently mycophenolate mofetil. Some ad-
verse events have also taught us that some treatments can paradoxically induce lupus [34].
Antimalarials, the mainstay of SLE treatments have very favourable properties in lu-
pus, but their efficacy to control disease activity and prevent flares is limited when used
alone [35]. This has led to the need for the development of new treatments in SLE [36–38].
Unfortunately, effective therapeutics beyond GCs and classical immunosuppressive agents
are limited [3]. Randomized controlled trials of rituximab and of at least 18 other molecules
have failed in SLE, mostly due to issues associated with disease heterogeneity and trial
design [39]. Therefore, there is only weak evidence upon which to base recommendations
in many situations [40]. Optimizing the use of currently available therapeutics may rep-
resent a breakthrough. Belimumab has recently been tested in a 2-year RCT (BLISS-LN)
in lupus nephritis and proved safe and effective when associated with the standard of
care, while so far it was tested only in patients without active nephritis [41]. In an ob-
servational prospective study (BeRLiSS) treatment with belimumab early in the disease
lead to better outcomes [42], which may suggest addressing the use of this agent as part
of the first-line therapy for selected patients in innovative RCTs. Moreover, it appears
urgent to develop more effective treatments in SLE, either through innovative trials of new
agents [43] or of immunosuppressive drugs previously not tested in SLE (e.g., repository
trials). Voclosporin, a next-generation calcineurin inhibitor, added to standard of care
for induction therapy of active lupus nephritis resulted in a superior renal response but
higher rates of adverse events including death were observed [44] Among the most recent
advances is the better understanding of the role of interferons in the pathogenesis of SLE,
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which allowed for the development of drugs directly or indirectly targeting these pathways,
such as interferon receptor blockers [36] or JAK inhibitors. Cellular therapy has shown
interesting preliminary data and should also be improved [45] while new approaches,
such as the use of low-dose IL-2 to expand regulatory T cells have emerged and appear
promising [46]. Altogether, it is crucial to optimize the use of currently available therapeu-
tics and develop new molecules assessing their efficacy through adequately designed trials
using validated and robust outcomes.

7. Dissecting the Heterogeneity of the Disease

Environmental factors play a significant role in SLE development [47] but the interplay
between genetic and environmental factors remains poorly understood at the patient
level [3]. Also, epidemiology studies across different ethnic backgrounds are needed
to understand better the polygenic basis and environmental influences upon disease
risk, phenotypes and prognosis [3,8]. A large amount of evidence highlight that SLE
has 3–4 times higher incidence, higher rate of lupus nephritis, worse severity in terms
of damage accrual, HRQoL outcomes and three times greater mortality among African-
Americans and other ethnic groups then in Caucasians. Although the LUMINA and
Hopkins Lupus cohorts in the USA proved that socio-economic status play a major role in
such ethnic disparities it is also conceivable that biologic differences might be responsible
for distinct phenotypes. The SLE burden, mortality, outcomes, and quality of care and
insights into health disparities and possible remedies across different ethnic backgrounds
have been reviewed elsewhere [48–50].

Understanding the genetic component of SLE is complex because most patients have
polygenic disease [51–53]. Genome-Wide Association Studies (GWAS) have allowed the
description of more than 100 susceptibility Single Nucleotide Polymorphisms (SNPs) for
SLE [52,53]. Most of those SNPs individually confer only a slight increase in the risk of
SLE, making them of limited clinical utility for the diagnosis of the disease. Also, variants
identified by GWAS explain only a fraction of overall heritability of SLE. Therefore, there
is a missing heritability which could be explained notably by epigenetics, which remains
poorly known in SLE. Finally, although very rare, the monogenic forms must be considered
in the study of SLE genetics [6]. One major challenge is to develop efficient tools for
characterizing patient and ethnic background heterogeneity using multi-omics. This will
allow the development of personalized medicine for SLE patients. Currently, most teams
are still using inaccurate biomarkers and the most recent advances are far from being
implemented in most center.

8. Identifying Relevant Biomarkers for Individualized Treatment

Biomarkers to predict disease prognosis, disease remission and long-term adverse
events are truly lacking in SLE [3]. The reliable identification of the right treatment for
the right patient currently remains one of the most important challenges in SLE. In daily
practice, the list of biomarkers which can be used in SLE has remained very limited, and
includes mostly anti-dsDNA antibodies, complement factor proteins or leukopenia. Those
are now insufficient to progress in the management of the disease and it is therefore crucial
to identify reliable and advanced biomarkers. The era of multi-omics, biological analysis ap-
proach in which data from multiple “-omes” (such as the genome, transcriptome, proteome,
epigenome, metabolome and microbiome), theoretically opens the door for highly inte-
grated and individualized approaches [54]. At a proteomic level, cytokine profiles could
be used as potential biomarkers. The most emblematic example is type I interferon gene
signature found in the sera of 70–80% of active SLE patients. Blood interferon-alpha levels
have been associated with the risk of subsequent flares in SLE [36]. Another approach
is to assess urinary biomarkers in case of lupus nephritis [55], as this could be a better
reflect of the local inflammation than when using blood-based markers. Pioneering studies
tried to incorporate clinical characteristics into personalized immune-transcriptional data
enabling patient stratification based on the immune networks best correlating with disease
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activity and providing a rationale for tailored therapeutic interventions [56]. One of the
main current challenges is to integrate the vast amount of data available at the patient-
level to make accurate predictions. This will require an in-depth interaction between
clinical specialists, researchers in biomedicine and data scientists, with the help of artificial
intelligence (Figure 2).

Figure 2. A hypothetical example illustrating how an integrated clinical and OMICS approach, driven
by artificial intelligence, might help distinguishing homogeneous clusters from current heterogeneous
phenotypes observed in Systemic Lupus Erythematosus (SLE). The example suggests that the way to
identify new clusters with specific disease biomarkers should be tailored to the specific molecular
events or pathways associated with disease activity and clinical phenotypes, providing a rationale
for personalized therapeutic interventions.

9. Managing Pregnancy in SLE

Pregnancy is a major challenge in SLE, and is generally managed by a tandem of a
rheumatologist and obstetrician with significant experience with high-risk pregnancies,
especially in case of antiphospholipid syndrome [57]. Pregnancy should be carefully antici-
pated in SLE, and pre-pregnancy multidisciplinary counseling is important to estimate the
risk of maternal and fetal complications [58]. SLE is usually not associated with infertility
unless the patient has been treated with cyclophosphamide, and ovarian protection strate-
gies using GnRH agonists or ovarian preservation can be used, if needed. It is commonly
recommended that the disease has been quiescent for at least 6 months (some experts
suggest one year in case of lupus nephritis) before pregnancy is allowed because active
SLE at the time of conception is a strong predictor of maternal and fetal complications.
Also, positivity for antiphospholipid antibodies or SSA/SSB antibodies is associated with
worst obstetrical outcomes, including prematurity, growth retardation, fetal death, neonatal
lupus and congenital heat block [57,59]. One of the critical issues in managing women
with SLE during pregnancy is choosing the right medication to treat the mother without
harming the baby. Unfortunately, most medications used in SLE are potentially harmful
or contraindicated during pregnancy and must be reviewed when planning pregnancy.
However, there are safe options such as hydroxychloroquine (HCQ) and low dose aspirin
(LDA) which demonstrated effective in reducing disease flares, obstetric and new-born
complications [60,61]. Nevertheless, recent surveys found that the use of these drugs in
pregnant women with SLE is still limited (HCQ 58% and LDA 25% of pregnancies) and
should be increased [61,62]. Among the main challenges, ensuring fertility and proper
course of pregnancy is of outstanding importance, especially in case of antiphospholipid
syndrome, and remains one of the most important clinical challenges in SLE.
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10. Preventing Comorbidities

Comorbidities, such as cardiovascular disease (CVD) and infections, are major respon-
sible of increased mortality in patients with SLE. CVD is the leading cause of mortality in
SLE regardless of time to occurrence after diagnosis [63]. The higher burden of CVD in
SLE patients is mosly related to accelerated atherosclerosis, which leads to CV events at
an earlier age compared to the general population. Accelerated atherosclerosis is driven
by the interplay between inflammation, autoimmunity, medications and traditional risk
factors. No surprisingly, the traditional CV risk factors are not sufficient to fully explain the
increased number of CV events observed in SLE [64], which leads to an underestimation of
the actual risk using existing tools validated in the general population. Recommendations
for the management of CV risk factors in SLE patients exists [65], including the widespread
use of hydroxychloroquine [66]. A major challenge we have to face is the need of validated
tools for estimation of the CV risk in SLE, which represents the first step for conducting
therapeutic trials to provide more evidence-based data on how to manage CV risk in
SLE patients.

Infections are risk factor higher than disease activity for mortality in SLE patients [63,67].
GCs use, immunosuppressive therapy and lupus nephritis are the most important risk
factor for infections in SLE patients. GCs related risk of infection increases by 12% for
each mg/day of prednisone, thus is already high at 7.5 mg/day which is considered
relatively safe for damage accrual [68]. In a recent meta-analysis, GCs were associated with
an increased risk of COVID-19 in patients with autoimmune diseases including SLE [69].
A number of prophylactic measures against infections should be recommended in SLE. A
recent audit of the British Society for Rheumatology estimated 34.3% of SLE patients need to
adopt extreme social distancing measures (“shielding”) to minimize the risk of SARS-Cov2
infection [70]. Vaccination campaign should be implemented as vaccine administration
rates remain low in SLE, in particular for vaccine against pneumococcus and influenza [71].
These are inactivated vaccines and therefore can be used at any time in SLE even though
their immunogenicity may be substantially reduced if patient is taking immunosuppressant
or high dose GCs. On the other hand, live attenuated vaccines are contraindicated in
patients taking more than 10 mg/day of prednisone or immunosuppressant. The risk of
SLE flare after vaccination is not confirmed, but vaccination should be avoided in patients
with active disease. In order to reduce serious infections, besides the requirement to reduce
chronic use of GCs there is an urgent need to strengthen the immunization coverage in
patients with SLE. New vaccine strategies need to be evaluated and validated specifically
in SLE also given the forthcoming availability of vaccination against Sars-Cov2.

11. Favoring a Global and Comprehensive Disease Management

An important challenge in SLE is to favor holistic medicine, which is the use of
therapeutic strategies that attempt to treat the patient as a whole person. Feedback from
SLE patients is essential. Patient-reported outcomes (PROs) capture patients’ perceptions
of their health condition, HRQoL [72], well-being, and other aspects. Those encompass
many crucial domains such as fatigue, anxiety, and depression among many others [73].
The use of PROs in daily clinical practice currently remains limited while those tools are
essential for better characterizing the impact of SLE at the individual patient level [74].
Of note, the management of common, hard-to-treat manifestations, such as fatigue and
depression should be clarified in SLE, according to EULAR [3]. For instance, we found
that fatigue was reported by more than two-thirds patients and severe fatigue by more
than one third in the large international FATILUP study [73]. We have also shown that the
association between fatigue, anxiety and depression is very strong in SLE patients with
inactive disease [75]. Therefore, we should conduct more and better designed trials to
evaluate psycho-behavioral interventions as well as pharmacological interventions for the
management of fatigue in SLE, targeting depression and anxiety. In SLE, just as in any other
chronic disease, the proportion of patients not adhering fully to the prescribed treatments
is very high [76] and can lead to apparently refractory disease [77]. The main predictors of
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non-adherence are a younger age, non-white ethnic background, low social-economic level,
lower education level, unemployment, never-use of GCs, polymedication, mood disorders
such as depression and rural residency [76,78]. Non-adherence contributes to worse patient
outcomes, including an increased number of flares, visits to emergency departments and,
importantly, mortality [76]. Also, disease prevalence, activity and severity is strongly
increased in SLE smokers compared to non-smokers [79], while therapeutic responses
are decreased [80]. It is therefore crucial to encourage SLE patients to stop tobacco. Also,
physical inactivity is common in SLE with up to 72% of patients who do not meet the WHO
recommendations [81]. Systematic reviews suggested that exercise reduces fatigue and
depression, improves cardiorespiratory capacity without affecting disease activity [82,83].
Altogether, SLE should be managed globally as a chronic disease, understanding the
patient’s perspective in her own holistic context.

12. Conclusions

Altogether, these challenges may be considered as an SLE roadmap for clinicians,
researchers and health policy makers who wish to contribute to an improved and integrated
management of this rare and complex disease.
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Abstract: Lupus nephritis (LN) is a frequent and severe manifestation of systemic lupus erythemato-
sus. The main goal of the management of LN is to avoid chronic kidney disease (CKD). Current
treatment strategies remain unsatisfactory in terms of complete renal response, prevention of relapses,
CKD, and progression to end-stage kidney disease. To improve the prognosis of LN, recent data
suggest that we should (i) modify our treat-to-target approach by including, in addition to a clinical
target, a pathological target and (ii) switch from conventional sequential therapy to combination
therapy. Here, we also review the results of recent controlled randomized trials.

Keywords: lupus nephritis; treat-to-target approach; repeat kidney biopsy; combination therapy

1. Introduction

Lupus nephritis (LN) occurs in 12 to 69% of patients suffering from systemic lupus
erythematosus (SLE), depending on case series [1]. Based on clinical and laboratory
findings, it affects around 50% of SLE patients, while the rates of biopsy-proven LN are
somewhat lower [2]. LN is more prevalent in Asian than in African or Hispanic and
European patients [3].

2. Pathophysiology of Lupus Nephritis

Immune complexes (IC), produced in lymph nodes, spleen, or other lymphoid tissues
are deposited in the glomeruli of LN patients [4]. Their detection, by direct immunofluo-
rescence techniques on kidney biopsies, is part of the diagnosis of LN [5]. Antibodies also
cross-react with glomerular antigens (DNA, histones, and nucleosomes) [6,7], in particular
from the basement membrane [8]. The location of IC deposits explains the clinical pheno-
type. Subendothelial IC induce endothelial dysfunction and recruitment of macrophages
and T cells into crescents, which also contain proliferating cells from the parietal layer
of Bowman’s capsule, thereby causing the so-called “proliferative” variants. Monocytes
are recruited from the blood and differentiate into CD16+ inflammatory macrophages.
Subepithelial IC cause damage to podocytes, but pro-inflammatory cell recruitment is
more limited because the glomerular basement membrane prevents contact with the in-
travascular space. There is less glomerular inflammation, thereby less kidney failure. By
contrast, the enlargement of basement membrane pores explains the (usually massive)
proteinuria. Those proliferative variants with subendothelial immune deposits correspond
to class III/IV LN, based on the International Society of Nephrology/Renal Pathology
Society (ISN/RPS) classification [9], while subepithelial immune deposits correspond to
class V LN. Beyond this first wave of immune effectors which mainly target the glomeruli,
LN is also characterized by tubulointerstitial lesions which do not result from passive
deposition of IC but are part of an adaptive immune response. Myeloid and plasmacytoid
dendritic cells and lymphocytes are recruited in the tubulointerstitium. Antigens can be
presented to T cells. T–B cell interactions promote differentiation of B cells into plasma cells
that secrete antibodies against renal antigens, such as vimentin [10]. Tubulo-interstitial
inflammation and hypoxia induce metabolic dysfunction and atrophy of tubular cells [11].
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The lupus-affected kidney not only is the passive victim of an innate immunological attack
against the glomeruli, but also participates as an actor to promote a pan-nephritis.

3. Clinical and Pathological Diagnosis of Lupus Nephritis

LN, which is clinically silent for a long time, is usually revealed by proteinuria and,
in proliferative variants, by abnormal urinalysis and/or renal impairment. High blood pres-
sure, edema secondary to hypoalbuminemia, and salt and water retention may complete
the clinical picture.

In case of suspicion of LN, the proteinuria threshold at which a kidney biopsy is
indicated is not defined. In practice, this procedure is proposed when the proteinuria level
is ≥500 mg/day. Observational data show that proteinuria between 500 and 1000 mg/day
is already associated with significant kidney damage [12] and also that “low-grade” pro-
teinuria does not exclude significant kidney injury in LN [13]. Furthermore, it is well
established that early management of LN improves the prognosis of the disease [14], an ad-
ditional argument in favor of an early biopsy. The most common lesion observed in LN is
glomerulonephritis with immune deposits. A kidney biopsy has several goals: (i) to char-
acterize the type of glomerular involvement and thereby guide immunosuppression; (ii) to
consider other mechanisms of renal injury such as thrombotic microangiopathy or podocy-
topathy, which require a different therapeutic approach; and (iii) to assess the chronicity
and therefore the irreversibility of the lesions. The discovery of tubulointerstitial nephri-
tis is not exceptional [15] and is also associated with a worse prognosis, independent of
glomerular lesions [16].

The histological description of LN is based on classification criteria defined by the
ISN/RPS [9], whose main goal is to guide treatment decisions. However, the ISN/RPS
classification is a simplified view of the process and does not allow, at the onset of the dis-
ease, to capture with sufficient accuracy the very patients who will progress to chronic
kidney disease (CKD). Thus, it has been indeed demonstrated that the long-term prog-
nosis of classes III, IV-S, and IV-G LN is similar [17]. The pitfall probably stems from
the glomerulocentric nature of this classification, which does not take into account tubu-
lointerstitial lesions, known to be a major driver of renal impairment [18]. A recent revision
of the ISN/RPS classification recommends their inclusion [19].

4. Treatment of Lupus Nephritis

4.1. Global Therapeutic Strategy

The ultimate goal of LN treatment is to prevent nephron loss and, thereby, CKD,
especially end-stage kidney disease (ESKD). Since the risk of kidney impairment is greater
in patients with proliferative LN, immunosuppressants (IS) play a pivotal role in the treat-
ment of ISN/RPS Classes III and IV LN. To prevent CKD, the therapeutic goal in the short
term is to achieve complete, at least partial, resolution of the clinical and laboratory signs
of LN. At diagnosis, the kidneys are already severely damaged by glomerular deposits of
immune complexes and tubulointerstitial inflammation. Patients must therefore be treated
with powerful and promptly efficacious anti-inflammatory agents, such as glucocorticoids
(GCs), combined with another IS agent to interrupt autoimmune processes. Immuno-
suppression should be maintained for several years. The standard immunosuppressive
strategy consists of a formerly called “induction phase” followed by a “maintenance phase”.
These terms are now replaced by “initial treatment” and “subsequent treatment”, which are
more appropriate.

4.2. Current Therapeutic Recommendations

Th therapy of LN is based on the joint recommendations of the European League
Against Rheumatism (EULAR) and the European Renal Association-European Dialysis and
Transplant Association (ERA-EDTA) [20]. Proposals are based on the results of controlled
randomized trials summarized in Table 1. The decision to treat LN and the choice of
the treatment regimen is based on the ISN/RPS classification criteria [16].
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In addition to optimal nephroprotection (angiotensin-converting enzyme inhibitor
(ACEI) or angiotensin receptor blocker (ARBs)) and hydroxychloroquine (HCQ; 5 mg/kg/
day, except in cases of severe kidney impairment for which the dose is reduced), the initial
treatment of classes III/IV (±V) LN includes GCs administered intravenously (IV) (total
dose of 500 to 2500 mg of IV methylprednisolone) and then orally (prednisolone 0.3–
0.5mg/ kg/d until week 4, reduced to ≤5–10 mg/d at month 3), in combination with
either mycophenolate mofetil (MMF; target dose 2 g/d) or IV cyclophosphamide (CY),
according to the Euro-Lupus regimen (EL; 6 fortnightly doses of 500 mg IV CY) [21].
An alternative is a combination of MMF (dose of 1 g) with a calcineurin inhibitor (CNI;
tacrolimus 4 mg/day). In case of acute kidney injury, cellular crescents, and/or fibrinoid
necrosis, the aforementioned regimens are also recommended, but higher doses of IV CY
can also be proposed according to the National Institutes of Health (NIH) regimen [22].

Subsequent treatment, for at least 3 years, of Classes III/IV (±V) LN is based on
MMF (2 g/day) or azathioprine (AZA) (2 mg/kg/day), in addition to HCQ and the lowest
possible dose of oral prednisolone (2.5–5 mg/day, ideally not administered to patients with
complete response) [20].

Of note, the management of GCs in LN is based more on convention than on evidence,
although recent studies support the use of lower doses with the same efficacy but less
secondary effects [23,24].

Beyond immunosuppression and nephroprotection, the treatment of LN also includes
optimal pharmacological control of blood pressure and preventive measures to avoid
the side effects of GCs, such as prescription of calcium salts, vitamin D3 supplements,
immunization against pneumococcus and influenza, and exercise.

While it is true that this approach has ensured an overall survival of 80% at 5 years,
the rate of complete renal response (CRR) at 6–12 months is only 20–40%, and up to 5–20%
of patients will progress, often late, to ESKD, while an additional percentage will develop
CKD. Even in patients achieving CRR after treatment, an increase in chronic lesions is
observed on repeat renal biopsies [25]. Relapses, occurring in approximately 20–25% of
patients within 3 to 5 years [26,27], constitute a significant risk factor for the development
or progression of CKD [28]. Overall, the current treatment strategies remain unsatisfactory.
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5. How to Improve the Prognosis of Lupus Nephritis?

We suggest that the outcome of LN could be improved by the adoption of a treat-to-
target approach and by switching from sequential to combination therapy.

5.1. Treat-to-Target Approach

The treat-to-target approach is a very fashionable concept in inflammatory and auto-
immune diseases. As far as LN is concerned, we can define several types of targets: clinical,
pathological, or even immunological targets at the level of the tissue, i.e., the kidneys.

5.1.1. Clinical Target

The best early predictor of a good long-term kidney outcome in LN is a prompt fall
in proteinuria. Thus, we demonstrated that achieving a proteinuric target of <0.7 g/day
after one year of treatment has a remarkable positive predictive value for a good long-term
kidney outcome (94%) [32,34]. These data are robust because they were confirmed in two
additional cohorts [35,36]. Alas, the negative predictive value (NPV) of achieving this
target is only 31%, which means that 69% of patients not meeting the target will still (and
fortunately!) achieve a good long-term kidney outcome. The challenge is therefore to
identify those very patients (one-third) who do not reach the target and will suffer from
kidney impairment in the long term in order to optimize their treatment, by switching
to another IS or by adding a biotherapy, always after evaluating patients’ adherence to
the treatment [37]. For some cases, the kinetics of the proteinuria fall provides an argument
for a “wait-and-see” attitude. Thus, in nephrotic patients at diagnosis, the failure to reach
the proteinuric target should be put into perspective, and the right attitude might consists
in allowing a few additional months of observation before making a therapeutic decision,
certainly if the kinetics of the proteinuria decrease suggests that the target is in sight.

Attempts to add other clinical parameters (kidney function, disappearance of micro-
haematuria) to the proteinuric target to improve the NPV have failed. Conversely, inclusion
of urinalysis (red blood cells) to the target reduced sensitivity from 71 to 41%, implying
that 59% of the patients who will experience a good long-term kidney outcome would not
be identified at month 12 if persistent hematuria is included in the target, while only 29%
would be missed if proteinuria alone is used as criteria [34,35].

Considering that urinary proteins might be more specific for nephritis than serum
proteins [38], urinary biomarkers have stimulated much research, the more so as proteomic
mass spectrometry has facilitated their detection [39]. Several urinary proteins have
been reported as potential predictors of LN activity, in particular NGAL (neutrophil
gelatinase-associated lipocalin), MCP-1 (monocyte chemoattractant protein-1), TWEAK
(tumor necrosis factor-like weak inducer of apoptosis), and PTGDS (prostaglandin D
synthase) [40–46]. Unfortunately, their presence usually correlates with proteinuria, thereby
compromising their interest. Moreover, very few studies have evaluated their long-term
prognostic value.

Overall, clinical parameters, readily measurable in blood or urine, will probably not
help to capture patients who need treatment optimization amongst those who have not
reached the proteinuric target.

5.1.2. Pathological and Immunological Target

Together with other groups, we suggest that per protocol repeat kidney biopsies
performed after 12 months of IS treatment might contribute to the identification of patients
who require treatment intensification. Several studies have indeed shown that signs of
histological activity of LN may persist in patients with CRR after IS treatment [25,47–50].
Furthermore, we recently demonstrated in a retrospective analysis performed on incident
cases of LN that residual histological activity, i.e., a NIH activity index score >3, in per
protocol repeat biopsies predicted subsequent renal relapse and that chronic damage,
i.e., a NIH chronicity index score >3, predicted long-term kidney impairment [51]. It is
worth noting that active lesions in the glomeruli mostly accounted for the association with
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relapses, whereas chronic damage in the tubulointerstitial compartment was found to be
a more important contributor to the association with long-term renal function.

To evaluate the value of per protocol repeat biopsy after one year of treatment, we
designed a prospective international study, REBIOLUP (www.rebiolup.com) (accessed on
31 January 2021), illustrated in Figure 1. Patients with incident LN will be treated for one
year according to current standard of care (SOC), based on shared patient’s and physician’s
decision. At baseline, they will be randomized in two groups, undergoing—or not—a per
protocol control kidney biopsy at one year. The control group, without re-biopsy, will be
treated according to clinical parameters, whereas histologic findings will drive treatment
decisions in the re-biopsy group. Thus, if the NIH activity index at re-biopsy remains
superior to 3/24 [51], immunosuppressive therapy will be intensified, again according to
shared patient’s and physician’s decision. The goal of the study is to demonstrate that:
(i) the percentage of patients in CRR at 2 years (primary endpoint) will be higher in the re-
biopsy group; and (ii) conversely, that the percentage of patients with decreased kidney
function at 5 years will be lower. Should these hypotheses be confirmed, a systematic one-
year repeat kidney biopsy would become an integral part of LN management, hopefully
leading to a significant decrease in the number of patients suffering from CKD.

Figure 1. REBIOLUP flowchart.

REBIOLUP will also address the question of in situ immunological response or even
remission after one year of treatment, by assessing the reduction or disappearance of
immune deposits, as detected by electron microscopy.

5.2. Combination Therapy

Based on the conclusion that many patients suffering from LN do not achieve short-
term remission and experience CKD with the current regimens, we propose a new treatment
paradigm, which consists in switching from sequential to combination therapy. So far, three
successful combinations have been reported with CNIs (tacrolimus (TAC) and voclosporine
(VOC)), anti-BlyS/BAFF belimumab, and anti-CD20 obinutuzumab.

The first reported successful combination therapy for LN was an association of MMF
and TAC. Thus, a large Chinese study demonstrated that the rate of CRR at 6 months
almost doubled for patients treated with a combination of MMF and TAC compared to
patients given NIH IV CY, namely, a starting dose of 0.75 (adjusted to 0.5 to 1.0) g/m2

of body surface area every 4 weeks for 6 months (45.9% versus 25.6%, respectively),
without additional adverse effects [33]. This regimen has been reported mainly for Asian
patients, and the findings may not be generalizable to other populations. After 6 months
of treatment, patients randomized in the MMF/TAC arm stayed on the same regimen
(although the daily TAC dose was reduced from 4 to 2 mg), while patients who received
NIH IV CY were treated with AZA. Interestingly, the two groups reached a similar rate of
CRR after 18 months [52], thereby suggesting that the anti-proteinuric effect of TAC may
be responsible for most of the early benefit noticed at month 6.
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Interesting results were observed with the combination of MMF and VOC. VOC is
a more potent CNI than cyclosporine A, has more predictable pharmacodynamics (thereby
avoiding repeated drug monitoring), and presents a faster elimination of metabolites
(thereby is likely less responsible for adverse events). In a phase 2 (AURA) and a phase 3
trial (AURORA), where steroids were very promptly tapered, it was shown that, compared
to MMF alone, the combination of MMF and VOC induced a higher CRR at 6 and 12 months
(in the AURA trial, 27.3% versus 32.6% and in the AURORA trial, 22.5% versus 40.8%,
in the two groups, respectively) [53–55]. Despite these results being clinically significant
and obtained without additional serious adverse events, most likely leading to labeling of
VOC for LN by the medical agencies in the next months, some caveats must be addressed.
The beneficial effect of VOC might be explained by its anti-proteinuric action through
stabilization of the podocyte cytoskeleton rather than a true synergistic IS effect. This
raises concerns about a rebound effect when stopping the medication. Second, only
short-term results (maximum 12 months) have been reported so far. Long-term toxicity
data are eagerly awaited. Recently, the U.S. Food and Drug Administration (FDA) had
approved voclosporin in combination with a background immunosuppressive therapy to
treat patients with active LN. It is the first FDA-approved oral therapy for LN [56].

Anti-BlyS/BAFF belimumab (BEL) is the first biologic approved for SLE, based on
several pivotal trials, such as BLISS 52 [57] and BLISS 76 [58]. In these trials, patients
with major kidney involvement were excluded. Yet, analysis of the subset of patients with
some degree of proteinuria revealed a benefit from BEL with respect to SOC in terms of
proteinuria decrease [59], which led to the design of a controlled specific LN trial (BLISS-
LN), whose results were recently released [60]. In this trial, the largest and the longest
ever performed for LN, 448 patients with active LN were randomized to receive either
BEL (one injection every month for two years) or placebo (PBO), as an add-on therapy
superimposed on SOC. The SOC was left to the decision of the physician and the patient
and consisted in MMF or EL IV CY followed by AZA. The primary endpoint, which was
the primary efficacy renal response at week 104 (defined as a urinary protein-to-creatinine
ratio ≤0.7 g/g, an estimated glomerular filtration rate (eGFR) no worse than 20% below
the pre-flare value or ≥60 mL/min/1.73 m2, and no use of rescue therapy), was reached
by significantly more patients in the BEL group than in the PBO group (43% versus 32%,
respectively). Intriguingly, the beneficial effect of BEL was only observed in conjunction
with MMF and not with EL IV CY followed by AZA. The reasons for this difference are
unclear, but the CY-treated patients were more severely affected at baseline (higher level of
urinary protein, lower eGFR, lower complement concentrations, longer disease duration,
and greater exposure to previous treatment for LN, suggesting a greater kidney damage
accrual in patients who received CY as SOC), which might explain why these patients
did not benefit from the addition of BEL. The time to renal events (ESKD, doubling of
serum creatinine, death, and renal flares) was different, again favouring BEL against PBO.
The side effects did not differ between between the two groups. The results of a 6-month
open-label extension study performed in BLISS LN completers should be released very soon
and will tell us whether further improvement is observed with time with BEL treatment.
Interestingly, some real-life observations indicated a possible appearance of active LN
during treatment with BEL in patients who did not have a renal phenotype of SLE prior to
BEL initiation [61–65].

Obinutuzumab (OBI) is an anti-CD20 monoclonal antibody that has been glycoengi-
neered to increase antibody-dependent cytotoxicity. It has a type II binding conformation
which leads to a greater direct cell death effect and more limited internalization of the mon-
oclonal antibody. These characteristics result in a much more pronounced and sustained B
cell depletion compared to rituximab (RTX) [66]. Since better B cell depletion, especially
in the kidneys themselves, may increase the rate of CRR, OBI was tested in a small phase
II trial, called NOBILITY [67]. The study drug (1000 mg administered on days 1, 15, 168,
and 182) was compared to PBO on a MMF background and a moderate dose of promptly
tapered GCs. At week 52, 76, and 104, the percentage of patients achieving CRR was
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higher for patients given OBI compared to those receiving PBO, reaching 35% (versus
23%) at week 76 and 41% (versus 23%) at week 104. Almost all patients still had very low
peripheral B cell counts (CD19+ count ≤5 cells/μL) at week 52, a finding much different
from that of the LUNAR trial where only half of RTX-treated patients had undetectable
peripheral B cells after one year of treatment [68]. The side effects were comparable in both
groups, without additional toxicity due to the combination therapy. Of note, NOBILITY
is a small trial mainly performed in Hispanic patients. Confirmation might come from
a global phase III trial, called REGENCY (ClinicalTrials.gov NCT04221477), in which six
doses of OBI/PBO will be given to LN patients, with CRR as primary outcome measured
at week 76.

These recent trials, AURA, AURORA, BLISS-LN, NOBILITY, testing three different
drugs and using very similar definitions of CRR, led to the same conclusion: a combination
therapy is superior to SOC (GC/MMF or GC/EL IV CY/AZA). The PBO response in these
three trials was consistently low, between 20% and 25% CRR after 6 months to 2 years of
follow-up. The effect of VOC was prompter, which is consistent with its mode of action.
We eagerly await the results (expected in 2021) of the LN anifrolumab trial, called TULIP-
LN (ClinicalTrials.gov NCT02547922) aimed at testing the efficacy of a human monoclonal
antibody against type I interferon receptor subunit 1.

Of note, we decided to focus only on trials demonstrating positive results, but many
other biologics were previously tested for LN. They were not developed due to side effects
or ineffectiveness. Some failures are probably explained by design flaws [69].

6. Conclusions

We suggest to adopt a treat-to-target approach for LN to limit nephron loss and thereby
prevent CKD. Per protocol kidney biopsies performed after one year of treatment might be
part of this strategy, which will be tested in REBIOLUP (www.rebiolup.com) (accessed on
31 January 2021). The current SOC does not meet patient’s and physician’s expectations.
A combination therapy, instead of a sequential therapy, might become the new paradigm,
based on recent trials. Which combination should be prescribed to which patients is
currently not clear, but better knowledge of patients’ molecular profiling, including at
the level of the kidney itself, might possibly be helpful at the bedside.
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Abstract: Systemic lupus erythematosus (SLE) is a heterogeneous autoimmune disease. While its
etiology remains elusive, current understanding suggests a multifactorial process with contributions
by genetic, immunologic, hormonal, and environmental factors. A hypothesis that combines several
of these factors proposes that genomic elements, the L1 retrotransposons, are instrumental in SLE
pathogenesis. L1 retroelements are transcriptionally activated in SLE and produce two proteins,
ORF1p and ORF2p, which are immunogenic and can drive type I interferon (IFN) production by
producing DNA species that activate cytosolic DNA sensors. In addition, these two proteins reside
in RNA-rich macromolecular assemblies that also contain well-known SLE autoantigens like Ro60.
We surmise that cells expressing L1 will exhibit all the hallmarks of cells infected by a virus, resulting
in a cellular and humoral immune response similar to those in chronic viral infections. However,
unlike exogenous viruses, L1 retroelements cannot be eliminated from the host genome. Hence,
dysregulated L1 will cause a chronic, but perhaps episodic, challenge for the immune system. The
clinical and immunological features of SLE can be at least partly explained by this model. Here we
review the support for, and the gaps in, this hypothesis of SLE and its potential for new diagnostic,
prognostic, and therapeutic options in SLE.

Keywords: systemic lupus erythematosus; retroelements; L1; LINE-1; reverse transcriptase; type I
interferons; autoimmunity

1. Introduction

Systemic lupus erythematosus (SLE) is a varied and often debilitating autoimmune
disease that affects at least 5 million people worldwide, and women more than men with
a striking gender bias of 9:1. The precise etiology of SLE remains elusive despite many
decades of research to better understand it. Current knowledge suggests a multifactorial
etiology with contributions from genetic, immunologic, hormonal, and environmental
factors [1,2]. Even at that, the exact extent to which each of these factors contribute to SLE
pathogenesis is not known. While we focus here on a specific emerging mechanism that
combines genomic/genetic and immunologic factors, with hormonal and environmental
contributions, we wish to first place it in the context of the broader genetic associations of
SLE.

Genome-wide association studies have identified many genes with polymorphisms
and copy number variants that are associated with SLE [3–7]. The most significant asso-
ciations are found in the major histocompatibility complex II (MHC II), which include
alleles of HLA-DR2, HLA-DR3, and HLA-DQ2 [8–10]. Deficiencies of the complement
components C1q [11], C2, C4A, and C4B, which confer an even higher risk for SLE, are
relatively rare [12]. Similarly, rare polymorphisms or mutations in DNases TREX1 [13]
and DNASE1 [14] also confer significant risk of SLE. Deletion of trex1 in mice results in
accumulation of single-stranded DNA derived from reverse transcription of retroelement
RNA, elevated type I interferon production, and severe autoimmunity [15]. In humans,
loss-of-function mutations in DNASE1L3 also result in a SLE-like disease [16]. This gene
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encodes for an active DNase that is secreted by innate immune cells to degrade chromatin
released passively (apoptosis and necrosis) or actively (NETosis) from dying cells. Together,
these genes imply a pathogenic role of cytosolic DNA originating from retroelements, and
the importance of effective clearance of DNA in immune complexes and cellular debris.

In agreement with this notion, several genes with a role in IFN signaling, such as IRF5,
IRAK1, STAT4, SPP1, TNFAIP3, and PTPN22, also have SLE-predisposing variants, which
are associated with high levels of type I IFNs and increased expression of IFN-inducible
genes [17–21]. Polymorphisms in genes involved upstream of IFNs, such as IFIH1 [22] and
TLR7 [23], have also been documented. Other genes implicated in the adaptive immune
system, including PTPN22, PDCD1 (encodes PD-1) [24], BANK-1 [25], BLK, LYN, and
TNFRSF4 (OX40L), indicate that the threshold for activation of B and T cells is important
in SLE [26–29]. The MHC association also supports this notion. Unlike the rare comple-
ment deficiencies and DNase mutations, these gene polymorphisms individually confer a
very modest risk (odds ratio <2) for SLE, suggesting that they are not directly causative,
but in aggregate increase the susceptibility to SLE, presumably in combination with the
absence of protective gene variants [30,31], genomic hypomethylation, altered epigenetic
control, changes in microRNAs (miRNAs) [32–36], and the presence of environmental or
endogenous triggers [34–36].

In accordance with the genetics of SLE summarized above, we focus in this review
on an emerging concept that is well compatible with the genetic associations, namely
the notion that endogenous virus-like sequences may play a part in the pathogenesis of
SLE and other related diseases [37–40]. These genomic sequences are either remnants of
exogenous retroviruses that infected our ancestors millions of years ago [40–42], or ancient
descendants of retroviruses that retained the ability to embed and replicate within the
germline genome to become extremely abundant throughout the human genome [40,43].
Although the vast majority of all these sequences are now inactive due to mutations
and truncations, a number of them are still more or less intact and able to create extra-
chromosomal DNA, trigger type I IFNs, and provoke an antiviral type of immune response.
The biology of these retroelements and the evidence for their involvement in SLE are
discussed here.

2. Transposable Elements in the Human Genome

Colloquially known as “jumping genes” or “parasitic DNA” [44], transposable ele-
ments (or transposons) are genomic DNA sequences that have the ability to move within
the genome, thereby altering its organization, incrementally increasing its size, and creating
duplications and redundancy [45]. There are two broad classes of transposons: Class I
transposons, also known as retrotransposons, and class II or DNA transposons [46]. The
former propagate using a “copy-and-paste” mechanism that consists of a reverse transcrip-
tase (RT) that uses its own RNA transcript as a template to generate a cDNA copy, which
is inserted into the genome. The latter move by a “cut-and-paste” mechanism by their
encoded transposase enzyme. To the best of our knowledge, only class I transposons have
been implicated in the autoimmune disease and will be discussed further here.

To illustrate the sheer volume of retrotransposons in our genome, compared to all
the exons of our 20,000 genes, which occupy approximately 1% of our 3-billion base-pair
genome, the retroelements occupy close to 50% of it [44,47]. There are over 3 million
retroelements in our genome [48]. They fall into three categories: the over 440,000 long
terminal repeat (LTR) retrotransposons, also known as human endogenous retroviruses
(HERVs), the 800,000 autonomous non-LTR retrotransposons termed long interspersed
nuclear elements (LINEs), and the 1,500,000 copies of the short interspersed nuclear ele-
ments (SINEs), which are non-autonomous and include over 1 million Alu elements [49]
(Figure 1).
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Figure 1. Classes and examples of transposable elements. Abbreviations: TIR, terminal inverted
repeats; LTR, long terminal repeats (transcriptional control sequence); Gag, group antigen; Prt,
protease; Pol, polymerase; Env, envelope; UTR, untranslated region; ORF, open reading frame;
HR, hexamer repeat; VNTR, variable number tandem repeats; SINE-R, Alu right monomer; SVA,
SINE-R/VNTR/Alu composite; L, left monomer; R, right monomer.

Before delving into the immunological impacts of retroelements, it should be stated
that the retrotransposition mechanism itself can cause genomic damage and result in hu-
man disease [50]. New retrotransposon insertions in or near exonic genes can result in
altered transcription [51], disrupted mRNA splicing, premature termination of translation,
and loss of protein expression or function. Besides sporadic genetic diseases [52] caused
by new retrotranspositions, this biology is accelerated in malignant cells [53] and is a
major contributor to the activation of oncogenes [54], the inactivation of tumor suppres-
sors [55,56], and larger chromosomal abnormalities [50,57–59]. Retroelements are also
abundant around chromosome fragile sites, such as FRA3B on chromosome 3p14 and
FRA16D on chromosome 16q23 [60,61].

2.1. HERVs

The HERVs are the very definition of autonomous retrotransposons in that they
resulted from germline infections by exogenous retroviruses that upon cell entry reverse-
transcribed their RNA genome and inserted it into the host cell genome. The resulting
HERVs were subsequently passed on to offspring in a Mendelian fashion and most of
them exist in all now living humans [62]. Transcription of such newly formed HERVs
result in a polycistronic transcript that, after splicing, encodes for all the proteins necessary
for the formation of new infectious virions [63]. However, because HERVs are not under
positive selection pressures (but rather the opposite), they accumulate random mutations,
deletions, insertions, recombinations, and other genetic alterations over evolutionary
time [62]. The modern human genome does not appear to contain any fully intact and
functional HERVs anymore [62,64,65], but there still are about a dozen HERVs that encode
for proteins that have some, or all, of their original functions [63–67]. Some of the youngest
(=most recently incorporated) HERVs can still form virions [68], even though they lack
measurable infectivity.

The HERVs in our genome belong to three classes: gammaretroviruses (class I),
betaretroviruses (class II), and spumaretroviruses (class III) [69]. The published literature
proposes various roles for class I (HERV-E, and to a lesser extent -W, and -H) and class II
(HERV-K) HERVs in autoimmune diseases [70–73]. A common denominator among these
papers is the idea that their transcriptional upregulation will trigger various aspects of an
antiviral immune response, including autoantibodies against retroviral proteins [74–77].
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A popular suggestion is that HERV proteins may trigger autoimmunity by molecular
mimicry [70,78] through accidental similarities between these proteins and other self-
proteins. However, we believe that an immune response against HERV proteins already
constitutes “autoimmunity” whether any cross-reactivity exists with proteins encoded by
exonic genes, or not.

It should also be kept in mind that even HERVs that have lost their ability to encode
for proteins often still possess their strong transactivating long-terminal repeats (LTRs) [79],
which can influence the transcription of nearby protein-coding genes [51]. This appears
to be a driver of altered gene expression in cancer [80,81], where demethylated LTRs can
respond to transcription factors, including those activated by sex hormones. Demethylation
of LTR sequences reportedly upregulates HERV expression also in autoimmune diseases
like SLE [82,83]. An example of this is the influence on RAB4 gene expression exerted by
the demethylated LTR of a truncated class I HERV element, termed HRES-1 [78]. RAB4,
in turn, downregulates surface CD4 expression, which together with the immunogenic
28-kDa Gag protein of HRES-1 can contribute to the self-reactivity of T and B cells in
SLE [78]. Interestingly, polymorphisms in the HRES-I LTR are associated with SLE [84].

2.2. L1 Retrotransposons

Intact and functional LINE retrotransposons are also autonomous in that they encode
all the components needed for their own retrotransposition [44,85,86]. This machinery is
also responsible for the retrotranspositions of the non-autonomous retrotransposons [87],
and for creating all our pseudogenes [44]. Research has focused primarily on LINE-1 (or
L1), which not only are abundant, but also include members that have retained all or some
of their biological functions. In contrast, the LINE-2 and LINE-3 groups, although still
prevalent, are all inactive, but can serve as templates for regulatory RNA species [88].

As depicted in Figure 2, the L1 transcript is bicistronic and encodes for two proteins,
the 40-kDa RNA-binding protein ORF1p and the 149-kDa endonuclease [89] and reverse
transcriptase ORF2p [90], which assemble in approximately a 20:1 stoichiometry into
complexes with high affinity for RNA, particularly L1 mRNA, but also Alu RNA and other
small RNAs [85]. To execute retrotransposition, these ORF1p/ORF2p/RNA translocate to
the nucleus, where the endonuclease activity of ORF2p cuts the genome at a poly-dT tract,
allowing the poly-A tail of the L1 transcript to align, enabling the reverse transcriptase
activity of ORF2p to synthesize a cDNA copy of the associated RNA, followed by DNA
repair [85] (Figure 2). As a result, the genome now has a new 6-kb L1 element identical
to the one that created it. New Alu elements and pseudogenes are generated by the exact
same mechanism [44].

While there is presently no conclusive evidence that retrotransposition of L1 plays any
role in autoimmunity (and no evidence that it does not), there are several other aspects of
L1 biology that make these elements prime suspects in the pathogenesis of SLE and related
autoimmune diseases characterized by elevated type I IFNs.

2.3. Non-Autonomous Retroelements

The enormous abundance of Alu elements with over one million copies throughout
our genome, all generated by the L1 retrotransposition machinery, bears witness to the
period of very active genome remodeling during hominid evolution. Alu elements are
found abundantly within introns and in regulatory regions of genes and in intergenic
space. The generation of new Alu and SVA elements is still ongoing and can result
in positive or negative changes in the transcriptional control of genes. As such, this
mechanism can contribute to human disease, conceivably including autoimmune diseases
like lupus. An example of this was the discovery of an Alu insertion into an intron of the
FAS/CD95 gene, which resulted in mis-splicing of its transcript, loss of functional FAS
protein, and lymphoproliferative disease [91]. Alu transcripts also have the potential to
form double-stranded structures, which can be recognized by RNA sensors to induce type I
IFNs [92]. This danger is normally reduced by adenosine-to-inosine editing by the ADAR1
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enzyme [93], the loss of which causes the interferonopathy Aicardi–Goutières syndrome,
discussed in Section 3.2. This RNA editing also appears to be defective in patients with
multiple sclerosis [94].

 

Figure 2. The L1 retrotransposition process. A similar figure is in [40].

Alu elements have also gained interest in lupus research due to the association of Alu-
derived RNA with Ro60 [95–97], a well-recognized SLE autoantigen. In a 2015 paper [97],
immune complexes formed by anti-Ro60 autoantibodies where isolated from SLE patients
and the bound RNA sequenced, revealing that much of it was Alu- and L1-derived. We
will discuss the protein and RNA complexes that contain Ro60, known as stress granules,
more below.

3. How L1 Retrotransposons May Trigger IFN-Positive SLE

There are several reasons to ask whether L1 retrotransposons play an important role in
the pathogenesis and flares of SLE. Increased L1 transcripts and ORF1p protein have been
detected in kidney biopsies from patients with lupus nephritis and in salivary gland biop-
sies from Sjögren’s syndrome patients [98]. In healthy individuals, L1 transcripts are low
or undetectable, but can be induced by demethylating drugs like 5-aza-deoxycytosine [99],
including those known to cause drug-induced lupus [100,101], e.g., hydralazine and pro-
cainamide. Reduced methylation of the 5′ regulatory (“promoter”) region of L1 has been
reported in both adult and pediatric lupus patients [102]. UV light, a well-known trigger
of lupus flares [103,104], also causes DNA demethylation, in addition to causing direct
DNA damage and cell death at higher exposures. L1 expression also responds to other
environmental and microbial factors [105,106].

Essentially all patients with SLE have IgG autoantibodies against ORF1p [107,108],
which correlate with disease activity measured by the SLE disease activity index (SLEDAI),
the presence of lupus nephritis, complement consumption, increased anti-dsDNA, and
higher type I IFN activity [107]. Importantly, there anti-ORF1p autoantibodies do not
represent anti-DNA reactivity, as free dsDNA did not compete (while free ORF1p did),
DNase treatment did not affect them (while it eliminated anti-dsDNA reactivity), and
ORF1p was recognized even when mixed with whole cell lysates. Presumably related to
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this finding, ORF1p and ORF2p reside in cells in macromolecular assemblies referred to as
“stress-granules” [109], which are rich in RNA and RNA-binding proteins, including Ro60
and other SLE autoantigens [110].

Importantly, L1 expression has been shown to induce type I IFNs [111–113], which
are a hallmark of SLE [114–118]. This can reportedly occur by two different mecha-
nism [111–113,119], which are not mutually exclusive: (i) cytosolic DNA generated by
reverse transcription by ORF2p activates DNA sensors [111], such as cyclic guanosine
adenosine monophosphate synthase (cGAS), which through the stimulator of interferon
genes (STING) adapter protein [120] activates the TBK1 protein kinase [121], which phos-
phorylates the IRF3 transcription factor leading to type 1 IFN production. Indeed, cGAS
activation was documented in some 17% of SLE in a recent study [122]; (ii) double-stranded
RNA species [113], perhaps related to bidirectional L1 promoter activity, activates RNA
sensors that initiate the same kinase-transcription factor pathway to type I IFNs. While
this second pathway is not restricted to L1 transcripts, either, or both, of these mechanisms
can explain the elevated expression of IFN-inducible genes, referred to as the “IFN signa-
ture” [116,123] in SLE and related autoimmune diseases, such as idiopathic inflammatory
myopathies and primary Sjögren’s syndrome [124].

Taking all these observations together, it appears that L1 elements with intact ORF1
and ORF2 are derepressed by reduced DNA methylation (and other epigenetic mechanisms
that depend on it) and, therefore, transcribed at elevated levels compared to healthy
individuals. Indeed, decreased DNA methylation has been documented in SLE, including
specifically in the 5′ regulatory regions of L1 [102]. However, there are also reports that L1
methylation is not altered, but one has to keep in mind that such measures are a composite
of numerous L1 elements and does not necessarily represent the relatively small number of
L1 loci that are transcriptionally activated in SLE. The epigenetic regulation of L1 elements
also varies between cell types. Even different immune cell lineages have distinct patterns
of active L1 elements (our unpublished observation).

Translation of these elevated L1 transcripts leads to accumulation of ORF1p and
ORF2p in stress granules [109], which, because they contain immunogenic ORF1p protein
and lots of RNA, seem to be of special interest to the immune system in SLE patients.
We surmise that cells expressing L1, containing triggered DNA and/or RNA sensors,
and producing type I IFNs, will appear virally infected to the host immune system and
drive a chronic and/or episodic systemic inflammation, which will escalate every time L1
transcription increases. Since the culprit L1 elements cannot be eradicated from the genome,
the frustrated immune response will increase in magnitude with time and eventually be
diagnosed as SLE.

This model (Figure 3) illustrates how L1 may contribute to many of the well-recognized
aspects of SLE: its long prediagnosis development [125] and gradual presentation, its
unpredictable and relapsing/remitting nature, the high type I interferons, its sensitivity to
demethylating drugs and UV, and the focus of the autoimmune response towards nucleic
acids and proteins associated with them. These features also explain the typical symptoms
of SLE, such as fever, fatigue, arthralgias, and the multitude of organ manifestations related
to the accumulation of immune complexes.

3.1. HERVs and Other Non-L1 Retrotransposons in SLE

Elevated expression [67,126] of many HERVs and autoantibodies against HERV-K and
HERV-E Gag and Env proteins [40,72,74–76] have been reported in SLE [127] and other
autoimmune diseases [71]. The broader genomic hypomethylation observed in SLE may
well explain the upregulation of HERV transcription, but since most HERVs have lost their
ability to encode full-length retroviral proteins, only a few of these transcripts are capable
of supporting autoantibody production. The resulting autoantibodies may synergize with
anti-L1 immunity, for example, in the formation of immune complexes that drive tissue
inflammation and organ damage. HERVs with an intact pol gene, encoding for their reverse
transcriptase, can, in principle, produce DNA species that trigger DNA sensors like cGAS
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or ZBP-1 to induce type I IFN production. However, the retroviral life-cycle involves a
protected reverse transcription of the RNA genome only upon cell entry and in the confines
of the nucleocapsid [128,129]. Hence, HERVs are not likely to generate pathogenic DNA
in SLE, but they may well generate double-stranded RNA transcripts that can trigger
RNA sensors.

Figure 3. How the L1-containing stress granule may participate in driving SLE-related autoimmunity. The initial priming of
T cells likely occurs by dendritic cells, which can take up stress granules, process their contents, and present peptides on
class II MHC. The production of autoantibodies against ORF1p and Ro60 likely involves T cells primed by DC, followed
by differentiation into follicular or peripheral helper T cells. CD8 T cells derived by cross-priming likely can recognized
L1-expressing cells by virtue of ORF1p (and Ro60) derived peptides on class I MHC. Intracellularly, the reverse transcription
of L1 transcripts into DNA will trigger IFNβ production and secretion. The secreted IFNβ will further stimulate monocyte
differentiation to myeloid DC, plasma cell differentiation, and the differentiation and activation of CD8 T cells to become
cytotoxic. Some cells do not express cGAS, but instead have other DNA sensors, such as Z-DNA binding protein 1, ZBP1,
which also induce IFNβ production. Lastly (and not specifically illustrated), immune complexes that contain ORF1p,
Ro60, and RNA (i.e., stress granules) will be taken up by plasmacytoid dendritic cells and B cells to trigger TLR-mediated
IFNα production.

3.2. Are Defenses Against L1 and HERVs Defective in SLE?

Although many components of the model presented above are well documented, it
still contains significant gaps. Why does L1 become hypomethylated in individuals who
develop SLE? Why is ORF1p so immunogenic? What prevents this from occurring in
healthy individuals?

Since majority of people never develop SLE, there must be effective mechanisms
to counteract the biology of L1 and HERVs to prevent their deleterious effects on our
health. Indeed, numerous defenses exist against all retrotransposons [130,131], many
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discovered during research into the infectivity of human immunodeficiency virus (HIV).
These defenses operate at every step of the life-cycle of retrotransposons and HERVs, and
exogenous retroviruses. Some of these defense mechanisms also operate to combat other
exogenous RNA and DNA viruses.

Epigenetic regulation is a fundamental mechanism employed by cells to silence genes
whose actions are either not needed or are potentially deleterious [132]. This mechanism
of transcriptional repression operates on L1 [132] and HERVs and is initiated by DNA
methyltransferase 1 (DNMT1) [133], which methylates the 5-position of cytosine in genomic
CpG islands, attracting several silencing factors such as the human silencing hub (HUSH)
complex [134] and histone modifiers [135] to effectively suppress transcription. Next, RNA
interference and silencing activities of small interfering RNAs (siRNAs), miRNAs, and
Piwi-interacting RNAs (piRNAs) act to prevent retrotransposon mRNA translation [136].
Of these, the piRNA system is particularly important for protecting the integrity of the
germline genome against retrotransposons [137,138].

Hypomethylation of the genome [139] and specific hypomethylation of L1 elements
and HERVs have been documented in SLE [140,141] and Sjögren’s syndrome [139,141].
The epigenetic mechanisms of L1 repression may also be influenced by environmental
factors [142,143]. It is intriguing that drugs known to cause drug-induced lupus, such as
hydralazine and procainamide [144,145], and UV light exposure (a well-known trigger of
lupus flares [104]), are demethylating agents [146] and increase L1 and HERV expression.

In concert with the above mechanisms, the cytosolic DNase TREX1 [147] and the
heterotrimeric RNaseH2 enzyme [148] act to remove cytosolic DNA [15] and RNA species,
respectively. Both enzymes are particularly active against DNA:RNA hybrids [149], the
intermediate stage of reverse transcription. Indeed, loss of TREX1 results in accumulation
of L1-catalyzed DNA in cytosolic granules [149,150]. The importance of these nucleic acid
degrading enzymes is perhaps best illustrated by their loss-of-function mutations [151] in
Aicardi–Goutières syndrome (AGS) a devastating disease characterized by constitutively
high production of type I IFNs, neurologic deficits due to IFN toxicity, and autoimmunity
with all the hallmarks and autoantibodies of SLE [152]. L1 expression is high in AGS [153]
and type I IFN production can be reduced by administering reverse transcriptase inhibitors
that are active against ORF2p [154]. The form of SLE caused by TREX1 mutations [13]
likely involves the same overproduction of ORF2p-generated DNA.

The function of retrotransposon proteins is also targeted by defense mechanisms, such
as translational inhibition by the ATP-dependent RNA helicase Moloney leukemia virus 10
(MOV10) protein [155–157], which coexists with ORF1p in stress granules [110]. Exactly
how MOV10 works is not well understood. Another L1-associated protein identified by
proteomics [110,158] is zinc finger CCHC domain-containing 3 (ZCCHC3), a cofactor for
both DNA and RNA sensors [159,160]. The SAMHD1 gene, loss-of-function mutations
of which also lead to AGS [161], encodes a phosphohydrolase that dephosphorylates
the deoxy-nucleotide triphosphates required for reverse transcription. In addition, the
retrotransposition process is directly disrupted by mutation-inducing members of the
apolipoprotein B mRNA editing catalytic polypeptide-like 3 (APOBEC3) family of en-
zymes [162,163], which deaminate cytosines to uracil, and adenosine deaminase of RNA 1
(ADAR1) [93], which deaminates adenosines to inosine. As a result of these mechanisms,
the majority of all retrotranspositions result in mutated and severely 5′ truncated new
copies (reverse transcription starts in the 3′ end). Most importantly, these mechanisms
counteract the production of IFN-inducing DNA and other aspects of L1 biology that can
lead to immune activation. Future work will determine if any of these mechanisms are
defective in SLE.

3.3. Subsets of SLE with Distinct Mechanisms

The therapeutic options for the management of SLE are limited and often fail to control
the disease without unacceptable adverse events. Numerous candidate drugs have failed in
clinical trials, for reasons that likely include its molecular heterogeneity and the inaccuracy
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of tools to assess disease activity. It is quite possible that no single drug will be effective
and safe in all SLE patients, but that the precision medicine concept of “the right medicine
for the right patient” is particularly relevant in SLE.

Based on biochemical and available clinical trial data, we proposed recently that SLE
consists of at least four distinct molecular “endotypes” [164]. The first of these is the IFN-
independent form of SLE, “SLE1”, defined as the patients who meet the diagnostic criteria
for SLE, but consistently lack an IFN signature, i.e., IFN-induced genes are expressed at
normal low levels. The remaining three endotypes are characterized by a positive IFN
signature, but differ in which nucleic acid sensors have been activated and, consequently,
which isotypes of type I IFNs are overproduced.

We define SLE2 as the form in which extracellular immune complexes that contain
nucleic acids (e.g., L1-containing stress granules) activate endosomal toll-like receptors
(TLRs) 3, 7, 8, or 9 to induce type I IFN production [165]. Due to the predominant expression
of TLRs in immune cells, particularly plasmacytoid [166], but also myeloid dendritic cells,
macrophages, monocytes, and B cells, the spectrum of induced IFNs include numerous
isotypes of IFNα with lesser contributions by IFNβ and type III IFNs [123]. This form of
SLE was previously thought to be the main form [167], but the failures in phase 2 clinical
trials of multiple TLR7/9 antagonists and antibodies like rontalizumab and sifalimumab
that effectively neutralize IFNα, indicate that only 10% or less of SLE patients have SLE2.
Most telling, the elevated IFN-inducible genes in the blood of treated patients only declined
marginally in patients treated with sifalimumab.

SLE3 is an IFNβ-predominant endotype with activated cytosolic DNA and/or RNA
sensors, representing the two alternative mechanisms by which L1 can drive type I IFNs.
This biology can occur in any cell type that expresses L1 and/or produces pathogenic
double-stranded RNA and this is also how exogenous DNA or RNA viruses initiate an
antiviral immune response.

We consider it plausible that SLE typically starts as a pure SLE3 endotype, but that
the immune response eventually escalates to a stage where circulating immune complexes
with L1-containing, or other, RNA-rich particles accumulate and begin to trigger TLRs on
immune cells, i.e., inducing the SLE2 endotype mechanism for type I IFN production. We
designated this overlap as SLE4, in which all type I IFNs are at play and both cytosolic
and endosomal nucleic acid sensors are active. We estimated that SLE1 represents 10–30%,
SLE2 less than 10%, and SLE3 and SLE4 together 60–80% of all SLE patients.

Support for this molecular classification comes from clinical trials with drugs that
target IFNs, such as rontalizumab (anti-IFNα), sifalimumab (anti-IFNα), and anifrolumab
(antitype I IFN receptor) [168–170], bearing in mind that average outcomes are not as
illuminating as a more detailed responder vs. non-responder assessment. Indeed, it is
likely that many clinical trial failures in SLE, e.g., with TLR7 antagonists, are the results
of too few patients of the responding endotype. In this scenario, the patients with non-
responding endotypes diluted out the therapeutic effects beyond the statistical analysis of
the entire intent-to-treat cohort.

3.4. L1- and HERV-Related Biomarkers

Whether the above classification is relevant or not, SLE is clearly a heterogeneous
disease in its clinical manifestations and response to therapy [1,2]. Many tools have
been developed and revised over the years to help guide the diagnosis and management
of patients with SLE, and to measure therapeutic effects of drugs during clinical trials.
They include various high-sensitivity and high-specificity clinical- and laboratory-based
classification criteria (e.g., SLICC criteria) and disease activity indices (e.g., SLEDAI).
Despite all these tools, however, the management of SLE, especially in severe disease states,
remains one of the biggest challenges in rheumatology. There is often discordance between
laboratory evidence of immunologic activity and clinical evidence of disease activity. New
diagnostic tools or biomarkers might help narrow the gap.
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As we recently demonstrated, the titers of IgG autoantibodies against L1 ORF1p
correlate significantly with disease phenotypes, SLEDAI, markers of disease activity, and
IFN score [107]. These autoantibodies could conceivably aid in the diagnosis and prognosis
of the disease, perhaps guiding which endotype of SLE an individual patient has and, hence,
which treatment regimen might be most effective. High titers of anti-ORF1p autoantibodies
may also help identify patients who progress to end organ damage, such as lupus nephritis,
and may benefit from earlier optimization of their treatment. This would need to be
rigorously tested in prospective clinical studies.

Another set of biomarkers would be tests for the activation of the DNA and RNA sen-
sors. Quantitation of the unique second messenger that cGAS produces, cyclic-guanosine
adenosine-2,3-monophosphate (cGAMP) by mass spectrometry is probably too cumber-
some for use in clinical practice, but newer high-sensitivity ELISAs are under development.
For example, it would make sense to consider cGAS inhibitors specifically in those pa-
tients that are positive for cGAMP. Another biomarker to reveal the activation of the
RNA sensors could be useful. When triggered, these sensors cause the oligomerization of
the mitochondrial antiviral signaling (MAVS) adaptor protein, a response that is readily
detectable on non-denaturing gels as an ultrahigh-molecular weight species [171]. Repre-
sentative individual isotypes of the 17 type I IFNs can be quantitated by the ultra-sensitive
single-molecule array (SIMOA) platform [172].

3.5. Novel Therapeutic Opportunities Related to L1

New effective and safe drugs are urgently needed for SLE. It stands to reason that
drugs that selectively interfere with the molecular pathways that drive SLE, rather than
broadly suppress the immune system, would be both more effective and better tolerated
than current treatments. The L1 mechanisms we discussed above offer a new option, at
least for the SLE3 and SLE4 endotypes, namely the inhibition of ORF2p-catalyzed reverse
transcription, which is upstream of type I IFN production, and all the other biological
responses induced by activated DNA sensors, such as the upregulation of MHC and
costimulatory molecules. Of the FDA-approved reverse transcriptase inhibitors used for
the treatment of HIV, some nucleoside RTIs (NRTIs) are equally or near-equally potent
on ORF2p as on HIV RT, while others, including the non-nucleoside reverse transcriptase
inhibitors, are not. Studies in Trex1-deficient mice, which suffer from severe autoimmune
myocarditis and high type I IFNs similar to AGS, have shown that these mice can be
rescued by treatment with a three-drug NRTI combination (emtricitabine, tenofovir, and
nevirapine). Even more striking, patients with AGS treated with an FDA-approved three-
drug NRTI regimen (abacavir, lamivudine, and zidovudine) showed marked reduction
in the levels of IFNα proteins and IFN-inducible genes, and an improvement in cerebral
blood flow. Several other novel treatments are being explored for AGS, as well as SLE,
including inhibitors of cGAS [173], and tyrosine kinase 2 (TYK2), which mediates IFN
receptor signaling. Notably, the suppression of inflammation mediated by type I IFNs
(potentially triggered by L1 DNA) is a common theme among these potential SLE therapies.

Based on the biology of L1 and HERVs, agents that promote genomic CpG island
methylation or other suppressive epigenetic events, or that prevent the translation of their
transcripts, e.g., siRNAs, could also be developed for a more uniquely targeted treatment
of SLE. The testing of such agents would also go a long way to validate, or refute, the
pathogenic relevance of retrotransposons. Lastly, to the best of our knowledge, there is
nothing in the drug development pipeline specifically for type I IFN-independent SLE,
which mechanistically remains an enigma.

4. Concluding Remarks

The very modest successes in SLE drug development in modern times, and the
shortcomings of mainstream models for its etiopathogenesis, make it apparent that new
ideas are needed. A more reliable early diagnosis, more accurate prognostication, and the
development of more effective treatments with better safety profiles, are all highly needed.
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To this end, the emerging evidence of endogenous retroelement involvement in SLE offers
a tantalizing promise of progress.

While a broader set of retrotransposons may have varying degrees of involvement
in initiating and perpetuating SLE and its flares, current evidence suggests that the L1
retrotransposon is likely the most consequential. However, a true causative role will need
to be demonstrated by clinical trials using drugs that interfere with relevant aspects of L1
biology, e.g., reverse transcriptase inhibitors.
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Abstract: Comorbidities and multimorbidity, often complicating the disease course of patients with
chronic inflammatory rheumatic diseases, may be influenced by disease-intrinsic and extrinsic de-
terminants including regional and social factors. We analyzed the frequency and co-segregation of
self-reported comorbid diseases in a community-based Mediterranean registry of patients (n = 399)
with systemic lupus erythematosus (SLE). Predictors for multimorbidity were identified by multi-
variable logistic regression, strongly-associated pairs of comorbidities by the Cramer’s V-statistic,
and comorbidities clusters by hierarchical agglomerative clustering. Among the most prevalent
comorbidities were thyroid (45.6%) and metabolic disorders (hypertension: 24.6%, dyslipidemia:
33.3%, obesity: 35.3%), followed by osteoporosis (22.3%), cardiovascular (20.8%), and allergic (20.6%)
disorders. Mental comorbidities were also common, particularly depression (26.7%) and generalized
anxiety disorder (10.7%). Notably, 51.0% of patients had ≥3 physical and 33.1% had ≥2 mental
comorbidities, with a large fraction (n = 86) displaying multimorbidity from both domains. Sociode-
mographic (education level, marital status) and clinical (disease severity, neurological involvement)
were independently associated with physical or mental comorbidity. Patients were grouped into
five distinct clusters of variably prevalent comorbid diseases from different organs and domains,
which correlated with SLE severity patterns. Conclusively, our results suggest a high multimorbidity
burden in patients with SLE at the community, advocating for integrated care to optimize outcomes.

Keywords: autoimmunity; metabolic risk factors; cardiovascular; mental disorders; disease severity;
social factors

1. Introduction

It has long been appreciated that patients with Systemic Lupus Erythematosus (SLE)
suffer from a chronic disease course burdened with comorbid conditions from multiple
organs [1,2]. This was illustrated in a large case-control study utilizing data from the
UK Clinical Practice Research Datalink, where SLE patients had significantly increased
incidence for comorbidities with adjusted relative rates ranging from 1.31 to 7.83 [3]. These
results are further supported by observational studies examining individual disorders such
as infections [4–6], hypertension and metabolic risk factors [7,8], atherosclerotic vascular
events [9–13], malignancies [14–16], and osteoporosis [17,18]. Psychiatric comorbidities,
albeit less well studied, are also prevalent in SLE patients [19,20]. Notably, comorbid
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diseases may occur both at early and late stages of the disease, and tend to accumulate in
individuals, also known as multimorbidity, which is an emerging frontier in autoimmune
rheumatic diseases [21]. Compared to morbidity, multimorbidity represents a broader,
patient-centered concept that extends beyond the coexistence of disorders and implies
potential disease interaction and pathophysiological links [21].

Similar to other diseases, comorbidities have been shown to correlate with a num-
ber of adverse outcomes in patients with SLE including poor health-related quality of
life [22,23], reduced work productivity [24], irreversible end-organ damage [25], increased
hospitalizations and healthcare costs [26,27], and excess mortality [28]. Accordingly, clinical
management of SLE should focus on strategies for preventing or mitigating the impact
of comorbidities [1,29], also emphasized in the recommendations issued by regulatory
committees such as the European League Against Rheumatism (EULAR) [30–32] and the
American College of Rheumatology (ACR) [32].

Although incompletely understood, occurrence of comorbidity and multimorbidity
might be due to the inflammatory (e.g., soluble mediators) and clinical (e.g., pain) burden
of the underlying index disease (SLE), the effect of administered treatments (e.g., gluco-
corticoids), and shared pathogenic risk factors [33]. In this context, very few studies have
examined the association between lupus activity and severity patterns and comorbidities
in patients with SLE [34]. Importantly, development of comorbidities may be influenced by
parameters such as race and ethnicity [35,36], access to medical care [37] and other social
determinants [38]. Accordingly, examining the prevalence of comorbid diseases and their
associated factors in different settings is important to obtain a comprehensive view of the
clinical burden of SLE and unravel medical needs at regional level.

To this end, we recently established the Cretan Lupus Epidemiology and Surveillance
Registry in order to examine SLE occurrence trends and disease characteristics in Crete, the
fifth largest Mediterranean island [39,40]. This is a community-based registry of patients
who reside both at rural and urban districts and receive care from the primary to tertiary
level. Therefore, a wide spectrum of disease presentations is captured ranging from milder
to severe forms of SLE [39,40]. Herein, we report on the frequency of comorbid diseases
based on patient-reported data collected during face interviews upon enrolment to the
registry, and we explore demographic and clinical variables associated with the presence of
multiple comorbidities. Driven by our results showing co-segregation of comorbidities in
SLE patients, we performed cluster analysis to determine phenotypes of comorbidities in
our dataset. Our findings suggest a high burden of comorbid diseases and multimorbidity
within SLE patients encountered at the community, related to both disease and socio-
demographic characteristics.

2. Materials and Methods

2.1. Source Population and Setting

Crete is the southernmost and largest island of Greece with a relatively stable popu-
lation of 623,065 inhabitants (2011 National Census). About 61% of the residents live in
rural (≤10,000 dwellers) and the remaining 39% in urban (>10,000 dwellers) regions. The
health system is mixed public and private, and patients can visit a specialist at the hospital
or privately. The Department of Rheumatology, Clinical Immunology at the University
Hospital of Heraklion (Panepistimiou, Iraklio, Greece) serves as a referral centre for patients
with autoimmune rheumatic diseases, connects to private rheumatologists and general
physicians working in rural health centers, and provides inpatient and outpatient services
from primary to tertiary level [39,40]. Access to primary and specialized care is generally
not considered to be hampered in Crete [41].

2.2. The Cretan Community-Based Lupus Registry

Details on the registry and its methodology are provided elsewhere [39,40]. Briefly, the
main inclusion criterion was any definite or possible case of SLE aged >15 years at the time
of enrolment, and the primary aim was to estimate the frequency and burden of SLE in the
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community. Cases were diagnosed by experienced rheumatologists and ascertained by the
American College of Rheumatology (ACR) 1997 [42] and Systemic Lupus International Col-
laborating Clinics (SLICC) 2012 [43] classification criteria. To achieve the highest possible
patient enrolment from all four prefectures of the island, from the community to the tertiary
centre, and reduce the risk of selection bias for the more severe, hospital-based cases, we
pursued active multisource recruitment from all hospital departments (Rheumatology,
Dermatology, Nephrology; inpatient and outpatient clinics) caring for lupus patients and
also, private rheumatology practices across the island. Patients were enrolled between
April 2012 and December 2015 with a stable enrolment rate of 8 to 12 patients per week
and an acceptance rate > 95%. Upon inclusion, patients were assessed clinically and com-
pleted a structured questionnaire regarding residential history, lifestyle factors, and disease
characteristics [39,40]. A review of the medical charts, supervised by trained researchers
with data cross-checking and quality control was conducted to reduce possible misclassifi-
cation and information bias. Administrative data were used regarding hospitalizations. A
total of 460 patients were enrolled, following informed consent, and gave face interviews
except for five patients who could not stay after their visit to the outpatient clinic and were
instead phone interviewed. This sample corresponds to more than half of the previously
identified, community-based prevalent SLE cases in Crete (n = 753) [40]. In total, 61 cases
were excluded as they did not fulfil the classification criteria or had incomplete information,
thus resulting in a final dataset of 399 patients.

2.3. Variables and Comorbidities

We assessed for the presence of comorbid disease using patient-reported data obtained
during the structured face interviews, as several studies have previously demonstrated
high concordance between self-reported and medical record- or hospital-based comorbidi-
ties data [44–47]. Specifically, questionnaires were used to collect information on: gender,
ethnicity, education level (≤ or >12 years), marital status, employment status, and descent
(Cretan (for at least three past generations), other), place of current and upbringing res-
idency and any translocations (urban-rural), smoking (current, never, ever, pack-years),
body mass index (BMI; kg/m2), use of cosmetics and pesticides (frequent, ever, no use) [39].
The following comorbidities were also assessed by means of predefined questionnaire
and were further ascertained by medical charts screening and use of relevant medications:
allergies (allergic rhinitis, asthma, urticaria, drug allergies), diabetes mellitus, hypertension,
dyslipidemia, thyroid disease (cancer, nodules, autoimmune thyroiditis), osteoporosis or
osteoporotic fracture, heart disease, neurologic condition, cancer, kidney disease, lung
disease, liver or gallbladder disease, peptic ulcer disease, blood disorders or thalassemia
trait, skin diseases. Latent (tuberculosis, HIV) or recurrent urinary tract infections were
assessed by self-reporting or medical charts screening and no confirmatory essay was used.
The following mental conditions were assessed: depression, generalized anxiety disorder,
bipolar disorder, memory and cognitive disorder, eating disorders, alcohol dependence,
illicit drug dependence, suicidal attempt. The age-adjusted Charlson Comorbidity Index
(CCI) [48] was calculated for each patient.

2.4. Clinical Data Abstracted from the Medical Records

The following data were extracted from the medical charts: clinical diagnosis and
date of diagnosis, SLE classification criteria [42,43], biopsy-proven lupus nephritis, neu-
ropsychiatric lupus (NPSLE) (defined by multidisciplinary consensus and attribution
models [49]), organ damage (assessed by the SLICC/ACR damage index (SDI) [50]). For
every patient, disease was categorised as mild, moderate or severe according to the British
Isles Lupus Assessment Group (BILAG) classification system [51], and as previously de-
scribed [39]. Briefly, the medical charts of all patients were scrutinized to detect incident
activity (at any timepoint during the disease course) from individual organs and domains.
Manifestations classified as “BILAG A” were assigned as severe, “BILAG B” as moder-
ate, and the remaining ones (e.g., polyarthritis not restricting mobility and not affecting
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large joints; hair loss without excessive alopecia and without scalp skin inflammation;
thrombocytopenia > 50,000/μL) as mild. These data were entered into a structured sheet
and were collectively evaluated by two experienced Rheumatologists (G.B., C.A.) who
provided their overall assessment of disease severity.

2.5. Statistical Analysis and Hierarchical Clustering

Data are expressed as mean (±standard deviation (SD)) or percentages as appropriate.
The Student’s t-test or Mann–Whitney non-parametric test were applied for continuous,
and the chi-squared or Fisher’s exact test for categorical variables. Any missing data
from the questionnaires (mainly “do not know” answers) was handled by complete case
analysis method. Stepwise logistic regression analysis (adjusted for possible confound-
ing variables including age at diagnosis, disease duration, gender, smoking, residence
place (urban or rural) and number of ACR-1997 criteria) was performed to examine the
association between selected demographic and clinical parameters with comorbidities out-
come measures (≥3 physical comorbidities, ≥2 mental comorbidities, CCI ≥1) (IBM SPSS
Statistics for Mac, version 22.0. Armonk, NY: IBM Corp, Armonk, NY, USA). We created a
correlation matrix for comorbidities groups (according to the affected organ or domain)
and used the Cramer’s V statistic to determine the magnitude of pairwise associations;
strong relationships were defined according to a threshold of V value > 0.10. Utilizing
Gower’s distance and complete linkage method, hierarchical agglomerative clustering
of the patients according to their comorbidity profile was performed. Clusters statistics
were analyzed using the R package (version 3.5.0, R Core Team, 2018, R Foundation for
Statistical Computing, Vienna, Austria). The chi-squared statistic was used to examine
whether the distribution of the comorbidities differed between the identified patient clus-
ters. The heatmap of the frequencies of comorbidities groups across the patient clusters
was created using the pheatmap package (version 1.0.12, R Core Team, 2018, R Foundation
for Statistical Computing, Vienna, Austria).

3. Results

3.1. High Prevalence of Comorbid Diseases in SLE Patients at the Community

We studied 399 SLE patients (91.2% females) with an average disease duration of
10 years. At the time of assessment, approximately 11% had history of biopsy-proven
nephritis and a similar proportion had neuropsychiatric disease attributed to SLE (Table 1).

Table 1. Demographic and clinical characteristics of Systemic Lupus Erythematous (SLE) patients
(n = 399) at the time of enrolment.

Parameter No. (%) or Mean ± Standard Deviation

Gender (female) 364 (91.2%)
Age at diagnosis (years) 42.8 ± 14.6
Disease duration (years) 9.9 ± 6.6

No. ACR criteria 4.7 ± 1.2
Lupus nephritis (biopsy-proven) 45 (11.3%)

Neuropsychiatric lupus 43 (10.8%)
Disease severity 1

Mild 190 (47.7%)
Moderate 144 (36.1%)

Severe 65 (16.2%)
Organ damage 144 (36.2%)

Residence
Rural 172 (43.1%)

Urban and semi-urban 227 (56.9%)
Education level

<12 years 284 (71.2%)
≥12 years 115 (28.8%)
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Table 1. Cont.

Parameter No. (%) or Mean ± Standard Deviation

Marital status
Single 55 (13.7%)

Married 299 (74.9%)
Divorced or separated 21 (5.3%)

Widowed 24 (6.1%)
Tobacco use

Never 208 (55.3%) 2

Past 55 (14.6%)
Active 113 (30.1%)

1 See Materials and Methods for details on the definitions. 2 Data available in n = 376 patients.

Among the most prevalent physical comorbidities were thyroid (45.6%) and metabolic
disorders (hypertension: 24.6%, dyslipidemia: 33.3%, obesity: 35.3%), followed by osteo-
porosis (22.3%) and cardiovascular diseases (20.8%) and allergic disorders (20.6%) (Table 2).
Mental disorders were also common (45.1%) particularly depression (26.7%) and general-
ized anxiety disorder (10.7%). Female SLE patients had significantly increased frequency
of thyroid diseases (51 vs. 16%, p < 0.001), allergic diseases (21 vs. 3%, p = 0.006), and osteo-
porosis (19 vs. 6%, p = 0.05) compared to male patients, whereas respiratory comorbidities
(21 vs. 9%, p < 0.001) and alcohol abuse (3 vs. 0%, p < 0.01) were more prevalent among
male patients.

Table 2. Prevalence of comorbid diseases in SLE patients at the community-based registry in Crete
(n = 399).

Comorbidiy Prevalence

Thyroid disease 1 45.6%
Mental disorder 2 42.1%

Depression 26.7%
Anxiety disorder 10.7%

Obesity 3 35.3%
Dyslipidemia 33.3%
Hypertension 24.6%

Osteoporosis and osteoporotic fracture 22.3%
Cardiovascular disease 4 20.8%

Allergic disorders 5 20.6%
Gastrointestinal disease 6 19.0%

Infectious disease 7 12.8%
Neurologic disease 8 10.3%

Cerebrovascular disease 2.5%
Kidney disease 9.5%

Respiratory disease 9.3%
Diabetes mellitus 8.8%
Malignant disease 4.8%

Skin disease 3.3%
Hematologic disease 2.3%

1 Including autoimmune thyroiditis, hypo- or hyperthyroidism, thyroid nodules; 2 including bipolar disease,
cognitive impairment, generalized anxiety disorder, major depression, alcohol dependence, eating disorder,
suicidal attempt; 3 defined as body mass index ≥ 30 kg/m2; 4 including coronary heart disease (angina, my-
ocardial infarction, or coronary revascularization procedure), valvular disease, peripheral vascular disease;
5 including allergic rhinitis, asthma, urticaria; 6 including liver, gallbladder or biliary tract disease, gastroe-
sophageal reflux disease, peptic ulcer disease, chronic diarrhea; 7 including latent hepatitis or HIV infection,
recurrent urinary tract infections, chronic osteomyelitis; 8 including epilepsy, stroke, cerebrovascular disease, or
other neurological diseases.

Overall, SLE patients had an average (±SD) 2.8 (±2.0) physical and 0.9 (±1.3) mental
comorbidities with a mean age-adjusted CCI of 0.91 ± 1.16 (Table 3). Notably, 51.0% of
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patients had three or more physical comorbidities and 33.1% had two or more mental co-
morbidities, suggesting a high comorbidity burden in patients with SLE at the community.

Table 3. Burden of comorbidities in SLE patients at the community-based registry in Crete.

Comorbidities Mean ± Standard Deviation or Prevalence (%)

Physical comorbidities 2.8 ± 2.0
None 9.8%
1 or 2 39.2%
≥3 51.0%

Mental comorbidities 0.94 ± 1.25
None 57.9%

1 9.0%
≥2 33.1%

Charlson Comorbidity Index (CCI) 0.91 ± 1.16
>0 50.3%

3.2. Co-Segregation of Physical and Mental Comorbidities in Patients with SLE

Driven by our findings, we carried out a correlation analysis to detect concurrent
comorbidities. We noted several pairs of diseases with high prevalence in our sample, for
instance, thyroid disease and dyslipidemia (n = 71, 18%), dyslipidemia and hypertension
(n = 59, 15%), allergic disorders and thyroid disease (n = 49, 12%), gastrointestinal disor-
ders, and thyroid disease (n = 45, 11%). Mental disorders (merged together into a single
group) often coexisted with thyroid disease (n = 94, 24%), dyslipidemia (n = 62, 16%), and
gastrointestinal disorders (n = 45, 11%). Next, the Cramer’s V statistic was implemented
to obtain a statistically robust measure of the relative strength of association between
different pairs of comorbidities. We observed a substantive relationship between allergic
and hematological diseases, hypertension and diabetes, dyslipidemia, and cardiovascular
diseases, the latter concurring also with other comorbidities such as obesity, osteoporosis,
neurologic, and respiratory disorders (Figure 1A). Other associations included thyroid
disease with kidney and mental disorders, skin with gastrointestinal and neurological
diseases, kidney disease with hypertension. By further examining the co-segregation of
comorbidities, we found a positive correlation between an increasing number of physical
and mental disorders. Specifically, within SLE patients with ≥3 physical comorbidities, a
large fraction (n = 86) also reported multiple (≥2) mental disorders (Figure 1B). Conversely,
within 39 patients with no physical comorbidity, only 5 had two or more mental disor-
ders. Together, these results suggest a substantial multimorbidity burden in SLE patients
including the co-existence of physical and mental disorders.

3.3. Predictors of Morbidity and Multimorbidity in Patients with SLE

We evaluated for factors associated with comorbidities in our SLE dataset by analyzing
for the presence of multiple physical comorbidities (≥3), mental comorbidities (≥2), or
CCI ≥ 1. Demographic, social and clinical features were treated as independent variables
initially at univariate level, followed by multivariate logistic regression. We found that
moderate vs. mild disease was associated with increased risk (adjusted odds ratio (OR) 2.30)
and that higher vs. lower (≥12 years vs. <12 years) education level was associated with
decreased risk (OR 0.46) for physical multimorbidity (Table 4). Disease duration correlated
with the total number of physical comorbidities (Spearman’s rho 0.152, p = 0.019) but only
at univariate level. In the case of mental multimorbidity, independent predictors were the
marital status (divorced or widowed patients having OR 2.76) and the ACR 1997-defined
neurologic disease item (OR 6.02). Finally, morbidity defined according to CCI ≥1 was
associated with the education level, marital status, and number of ACR 1997 classification
criteria (OR 1.30 per 1-item). In a separate analysis, we also correlated the total number
of used (ever) immunosuppressive or biological agents (azathioprine, mycophenolate,
belimumab, cyclophosphamide, rituximab) with the sum of physical -but not mental-
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comorbidities (Spearman’s rho 0.136, p = 0.036) and adjusted Charlson Comorbidity Index
(Spearman’s rho 0.183, p = 0.001). Altogether, both sociodemographic and clinical factors
are linked to the comorbidities risk in patients with SLE at the community.

Figure 1. Co-segregation of comorbidities in patients with SLE at the community-based registry of Crete. (A) Correlation
matrix of various comorbidities from diverse organs and domains. Numbers inside each box represents the Cramer’s V
statistic estimated for each pair of comorbidities with values > 0.10 signifying robust correlation. Color intensity corresponds
to the chi-squared p-value for each pairwise association. (B) SLE patients were categorized according to the number of
physical (none, 1 or 2, ≥3) and mental (none, 1, ≥2) comorbidities as described in the main text. Y axis shows the number of
patients with various combinations of physical and mental comorbid disorders.
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Table 4. Predictors for the presence of comorbidities in patients with SLE.

Dependent Variable 1 Predictor (s) OR (95% CI) 2 p Value

≥3 physical comorbidities

Education level
≥12 years vs. <12 years 0.46 (0.28–0.75) 0.002

SLE severity
Moderate vs. mild 2.30 (1.43–3.71) 0.001

Severe vs. mild 1.30 (0.71–2.41) 0.398

≥2 mental comorbidities

Marital status
Divorced or widowed vs. single or married 2.76 (1.43–5.35) 0.003

ACR-1997 neurologic item
Present vs. absent 6.02 (1.86–19.53) 0.003

Charlson comorbidity index ≥ 1

Education level
≥12 years vs. <12 years 0.52 (0.31–0.86) 0.011

No. ACR-1997 criteria (per 1-item) 1.30 (1.06–1.59) 0.013
Marital status

Divorced or widowed vs. single or married 2.18 (1.02–4.68) 0.045
1 Backwards elimination model. Possible predictors included: age at diagnosis, disease duration, gender, smoking, residence place, number
of ACR-1997 criteria; 2 Odds ratio (95% confidence interval).

3.4. Distinct Comorbidities Phenotypes in Patients with SLE Revealed by Cluster Analysis

We next examined whether SLE patients can be classified into distinct phenotypic
groups as this may further enhance our understanding of the complexity of comorbid
diseases beyond a single-disease perspective, and how these might differ according to de-
mographic, clinical, or other determinants. Hierarchical agglomerative clustering revealed
five patient clusters, each with variable prevalence of comorbid diseases from various
organs and domains (Figure 2A). Cluster 1 included the majority of patients (n = 227) and
was characterized by increased prevalence of thyroid disease and to lesser extent, obesity,
dyslipidemia and mental comorbidities. Cluster 2 (n = 46) had high frequency of metabolic
risk factors, cluster 3 (n = 43) of gastrointestinal, skin, allergic, and hematologic diseases,
and cluster 4 (n = 45) of metabolic risk factors, cardiovascular, respiratory, and mental
disorders. Cluster 5 included a minority (n = 6) of SLE patients with relatively increased
prevalence of osteoporosis, malignant, neurologic, infectious, and kidney disorders. Identi-
fied clusters did not differ in terms of gender, residence place, education level, smoking
status, age of SLE diagnosis, and disease duration. Notably, clusters 2 and 5 included
patients with high frequency of biopsy-proven nephritis (28.3 and 33.3%, respectively) as
compared to other clusters (p < 0.001). NPSLE had highest prevalence in clusters 4 and
5 (20.0 and 66.7%) than in clusters 1–3 (p < 0.001). Prevalence of combined lupus skin
lesions (both malar and discoid rash) was higher in cluster 1 (7.6%) as compared to clusters
2 (4.5%), 3 (2.3%) and 4–5 (0.0%) (p = 0.019). No associations were detected with regards
to other clinical or immunological disease features. Patterns of disease severity differed
across the aforementioned groups with clusters 1 and 3 including increased fractions of
patients with mild disease (47.2 and 69.0%, respectively) as compared to clusters 2 and 5
which comprised severe SLE patients (26.1 and 40.0%, respectively) (p = 0.024) (Figure 2B).

3.5. Association between Morbidities and Clinical Outcomes in Patients with SLE

Previous work has demonstrated that comorbid diseases may have an adverse impact
on miscellaneous patient and disease outcomes in SLE. Analysis of our data did not reveal
a statistically significant association between physical or mental multimorbidity and rates
of irreversible organ damage (SDI ≥ 1), although the total number of physical comor-
bidities showed a trend for correlation with the SDI (Spearman’s rho = 0.126, p = 0.050).
Notably, patients with ≥3 physical comorbid diseases had experienced an increased num-
ber of hospitalizations due to active SLE (1.96 ± 0.40 vs. 0.91 ± 0.17 in counterparts with
0–2 morbidities, p = 0.018).
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Figure 2. Distinct comorbidities phenotypes in patients with SLE revealed by cluster analysis. (A) Utilizing Gower’s
distance and complete linkage method, hierarchical agglomerative clustering of the patients according to their comorbidity
profile was performed. The chi-squared statistic was used to examine whether the distribution of the comorbidities
differed between the identified patient clusters. The heatmap of the frequencies of comorbidities groups across the patient
clusters is shown. Legend depicts the relative frequency (ranging from −1.5 to +1.5) of each comorbidity within each
cluster. (B) Prevalence of SLE severity patterns (mild, moderate, severe) based on the BILAG system across the identified
comorbidities clusters (cluster 1 to 5). Numbers are proportions (%).
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4. Discussion

Herein, we evaluated the presence of comorbid diseases and their determinants in SLE
patients from a homogenous south European population. Background, race and ethnicity,
and geographical characteristics are important determinants of both lupus ominosity and
associated comorbid disorders [7,35,36,52,53]. Our findings, derived from a community-
based, Caucasian registry that captures both severe and milder disease forms, highlights
a high burden of physical and mental comorbidities among SLE patients, which tend
to co-segregate and cluster into distinct phenotypic groups. Moreover, we demonstrate
that comorbidities may be associated with clinical disease severity and certain sociodemo-
graphic factors, which further supports the complex nature of comorbidity in SLE and the
need for holistic approach.

Our results reiterate the previously reported prevalence of numerous comorbid med-
ical disorders in patients with SLE. Although direct comparisons are hampered due to
differences in the study design, assessment and documentation methods, and the defi-
nitions used, our findings concord with published data underpinning increased occur-
rence of metabolic and atherosclerotic factors such as hypertension, dyslipidemia, obe-
sity, diabetes, cardiovascular, and cerebrovascular disease as compared to the general
population [7–13,54–58]. Cardiovascular burden is also increased in SLE, attributable to
the interplay between demographic (e.g., gender, ethnicity), disease duration, traditional
risk factors (including smoking), lupus autoimmunity such as type I interferon signaling,
and the known deleterious effects of chronic glucocorticoids use [7,56,58–63]. In line with
this, circumstantial non-randomized evidence suggests that attainment of low disease
activity state on a minimal background dose of glucocorticoids is associated with reduced
risk for cardiovascular events in SLE [64].

Disorders of the thyroid gland comprised a prevalent condition in our cohort, consis-
tent with case-control studies indicating a statistically significant association between SLE
and autoimmune and non-autoimmune thyroidopathies [65–67]. Moreover, osteoporosis,
a well-established comorbidity in SLE [17,18,68] attributed to multiple factors [69], was
reported by a high proportion (22.3%) of our patients. Another notable finding was the
high frequency of allergic disorders (20.6%), which aligns with epidemiological evidence
demonstrating that SLE patients have an estimated 1.4 to 2.3-fold increased risk for atopic
dermatitis, allergic rhinitis, allergic conjunctivitis, or asthma [70,71]. Intriguingly, lupus
and allergy share—to some extent—common genetic predisposition, environmental factors,
and immune pathways such as increased serum immunoglobulin E levels and mast cell
activation [72]. Malignant disorders are also more prevalent in SLE patients than the
general population [3].

Besides physical comorbidities, a considerable number of patients in our study re-
ported at least one mental comorbidity, in particular depression and anxiety. This concords
with observational studies underlining increased prevalence of the aforementioned condi-
tions and also, cognitive complaints, in SLE patients as compared to the general popula-
tion [20,73–76]. Other psychiatric disorders including bipolar [77], suicidal ideation [78],
schizophrenia [79], and sleep disturbances [80], are also encountered more frequently
in SLE. To this end, fibromyalgia, which was not evaluated in our cohort, represents a
common SLE comorbidity often correlating with or considered to be part of the spectrum
of mental conditions [19]. Although these comorbidities are typically not attributed to
direct immune insult against the central nervous system as in the case of primary neuropsy-
chiatric SLE [49], nonetheless circumstantial evidence implicates soluble inflammatory
mediators in their pathogenesis [81,82].

The multimorbidity state has been well documented in inflammatory arthritides, such
as rheumatoid arthritis [21,83–85], whereas fewer reports exist in SLE [86,87]. A remarkable
finding in our study was the high prevalence of multimorbidity with more than half of
SLE patients reporting ≥3 physical and about one-third of patients reporting ≥2 mental
comorbid diseases. In addition, we noted a positive correlation between physical and
mental multimorbidity, with their synchronous presence in 21.6% of cases. Besides the
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apparent impact on patient well-being, the possible implication of multimorbidity on the
management and outcomes of SLE remain to be determined. To this end, our analysis
showed increased rates of hospitalizations due to SLE among patients with multiple physi-
cal comorbid disease, a finding that warrants further investigation in prospective studies.

Identification of morbidity predictors is valuable for recognizing high-risk patient
groups and thus, adjusting medical care accordingly. Rather than focusing on isolated
diseases, we analyzed for factors associated with physical and mental multimorbidity as
well as CCI-defined morbid status. We found that increasing SLE severity, reflected in a
BILAG-based classification of manifestations or the number of ACR 1997 classification
criteria, correlated with increased odds for physical morbidity, thus corroborating evidence
on the effects of high disease activity and medications (e.g., glucocorticoids) on the de-
velopment of comorbid disorders [7,34,60,61,88]. This finding might be mirrored by the
positive correlation between exposure to immunosuppressive and biological agents and
physical comorbidities, although drug-intrinsic effects cannot be ruled out. Notably, and in
agreement with studies in other patient populations [38,89,90], higher education level was
linked to reduced comorbidity risk, presumably due to increased awareness, treatment
adherence and better overall management of the index disease (SLE) and its complications.
In the case of mental multimorbidity, neurological disorder (ACR 1997-defined) and the
marital status were independent predictors. Whether the former association corresponds
to increased neuropsychiatric or general inflammatory burden of SLE or is confounded by
other factors is unknown. Likewise, the increased risk in widowed and separated patients
could possibly be related to stressful life events or other socio-economic parameters not
evaluated in the present analysis.

In view of our results demonstrating aggregation of multiple disorders from diverse
organs and domains, we performed clustering analysis searching for phenotypic subgroups
of clinical relevance [85,91]. Using this approach, our SLE sample was categorized into
five clusters of highly coinciding comorbidities. The clusters did not differ with regards to
the distribution of age, gender, other demographic and clinical factors, implying that they
might be driven by other factors. Nonetheless, cluster 1, encompassing common disorders
(thyroid, obesity, dyslipidemia, mental) was most prevalent in SLE patients especially those
with milder disease forms. Pending confirmation in additional studies with larger patient
cohorts, these findings could be helpful in the context of personalized medical care and to
unravel shared underlying genetic or pathogenic links.

A number of limitations need to be acknowledged such as the fact that our study
was not designed to address in detail the frequency of comorbidities and that it did not
include a control group. Nonetheless, information was collected using pre-specified forms
during face interviews of patients enrolled in the registry. Although self-reported and
medical record- or hospital-based comorbidities data seems to correlate well [44–47], some
information or misclassification errors may have occurred. As we did not monitor patient
exposure to glucocorticoids, we were not able to differentiate steroid-related vs. unrelated
mental disorders. Additionally, despite the fact that our sample size (n = 399) is generally
considered sufficient, it may be underpowered to detect or evaluate infrequent disorders,
differences according to gender or the autoantibodies status. To this end, our goal was not
to provide an exhaustive description of isolated diseases but rather, to gain an overview of
the burden of comorbidity and multimorbidity in our setting.

In conclusion, our results from a community-based, Caucasian registry highlight
a considerable burden of physical and mental comorbidities in patients with SLE. Mul-
timorbidity is a pervasive characteristic correlating both with the disease severity and
sociodemographic factors such as the education and marital status, thus underscoring
the need to address these factors in patient risk stratification and management. Cluster
analysis of comorbidities enables the identification of distinct clinical phenotypes, which
might reflect different pathophysiological processes linked to the disease. Altogether, these
findings have potential implications for rheumatologists and other disciplines involved in
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the care of SLE patients, and emphasize the need for integrated action plans to optimize
disease outcomes.
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Abstract: Background: Different classification criteria for systemic lupus erythematosus (SLE) have
been launched over the years. Our aim was to evaluate the performance of the EULAR/ACR-2019,
SLICC-2012 and ACR-1997 classification criteria in a cohort of SLE patients with longstanding dis-
ease. Methods: Descriptive observational study in 79 patients with established and longstanding
SLE. The three classification criteria sets were applied to those patients. Results: Of the 79 pa-
tients, 70 were women (88.6%), with a mean age of 51.8 ± 14 years and a mean disease duration of
15.2 ± 11.5 years. The sensitivity of the different criteria were: 51.9%, 87.3% and 86.1% for ACR-1997,
SLICC-2012 and EULAR/ACR-2019, respectively. In total, 68 out of 79 patients (53.7%) met all three
classification criteria; 11.4% did not meet any classification criteria and were characterized by low
SLEDAI (0.6 ± 0.9), low SLICC/ACR Damage Index (0.88 ± 0.56) and fulfilling only skin domains,
antiphospholipid antibodies or hypocomplementemia. To fulfill EULAR/ACR-2019 criteria was
associated with low complement levels (p < 0.04), high anti-dsDNA levels (p < 0.001), presence of
lupus nephritis III-IV (p < 0.05) and arthritis (p < 0.001). Conclusion: The EULAR/ACR-2019 classi-
fication criteria showed high sensitivity, similar to SLICC-2012, in SLE patients with longstanding
disease. Patients with serological, articular or renal involvement are more likely to fulfill SLICC-2012
or EULAR/ACR-2019 criteria.

Keywords: SLE; classification criteria; EULAR/ACR-2019; SLICC-2012; ACR-1997; longstanding lupus

1. Introduction

Systemic lupus erythematosus (SLE) is a systemic autoimmune disease with a wide
range of clinical manifestations occasionally leading to life-threatening organic failure [1].
The diagnosis of SLE may be challenging as several other conditions can mimic SLE and
there are no specific findings to set up the diagnosis [2,3]. SLE is based on the sum of signs,
symptoms, serological parameters, radiological features and histologic and pathological
findings [4].

Classification criteria are essential to identify well-defined, relatively homogeneous
groups of patients; they are primarily designed to be used in clinical research [5]. Clas-
sification criteria do not mean diagnostic criteria, but they are used frequently to detect
patients with clinical symptoms and laboratory features of the disease [6]. Although they
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can provide diagnostic aids, the classification criteria are characterized by high specificity
and usually lower sensitivity; therefore, patients with very recent onset of the disease or
with less common manifestations may be missed [7]. Longstanding SLE cohorts should
mostly meet these criteria, given the fact that they are patients with established disease
and the risk of them presenting other systemic autoimmune diseases is slightly lower.

In 1971, the American College of Rheumatology (ACR) published the first preliminary
criteria for SLE. These criteria were later updated in 1982 [8] and in 1997 [9]. The 1997
ACR criteria maintained the same structure, with 11 criteria, both clinical and immuno-
logical, four of which had to be present to identify patients with SLE [8,9]. Some clinical
characteristics were over-represented, such as skin manifestations covering four of the 11
criteria, while immunological criteria were represented by only two criteria: positivity for
Antinuclear antibodies (ANA)s on the one hand, and the presence of anti-double-stranded
DNA (anti-dsDNA), anti-Sm or antiphospholipid antibodies on the other [9]. Consistently,
ACR-1997 criteria have a sensitivity of 85% and specificity of 98% for classifying patients
as having SLE [5,10].

Taking into account the limitations of the ACR-1997 criteria, the Systemic Lupus
International Collaborating Clinics (SLICC) group published a new classification criteria
proposal in 2012. The SLICC criteria were launched with 11 clinical and six immunological
items. These criteria better determined each criterion and included some of the characteris-
tic mucocutaneous manifestations and neuropsychiatric symptoms in comparison with
ACR-1997 classification criteria. The most important advance in the SLICC-2012 criteria
was the inclusion of specific histological findings of lupus nephritis, which along with
immunological findings, are nowadays a sufficient condition to meet the classification
criteria [11]. The SLICC-2012 criteria reached a sensitivity of 95% with a specificity of
95.5% [10].

Recently, a major effort to develop new criteria was led by the European League
Against Rheumatism (EULAR) and ACR, and in 2019, new classification criteria came to
light [12]. There are two main particularities among this new set of criteria in comparison
with previous proposals: the required ANA positivity as an entry criterion and the cat-
egorization of the other criteria in different domains weighted from 2 to 10, where only
the highest item of each domain is counted [11]. At least one clinical criterion is required
and a total score of 10 points is necessary to be classified as having SLE [12]. Another
key feature is that items are only counted towards SLE if there is no other more likely
explanation [11,12]. One of the goals of these new criteria was to maintain high specificity,
such as the ACR-1997 criteria, and high sensitivity, similar to the SLICC-2012 criteria. The
validation data concluded that this objective was met, with a sensitivity of 96% and a
specificity of 93% [13]. Since their publication, the precision of the new criteria has been
evaluated in different SLE cohorts, such as early [5,14] and pediatric SLE [15,16]. Never-
theless, longstanding SLE patients represent the majority of patients in clinical practice,
with various disease severities and usually exposed to several treatments. As patients with
longstanding SLE are also potential candidates for clinical trials, it is crucial to evaluate
how classification criteria perform in this subset of patients. Furthermore, these patients
have an established disease and time is a key factor ruling out other diseases that could
mimic SLE in their onset. Efforts have been made to assess the EULAR/ACR-2019 criteria
in real clinical practice [17,18], but their performance and application in long-term SLE
have not yet been well established.

In the present study, we aimed to assess the performance and characteristics of the
EULAR/ACR-2019 in comparison with SLICC-2012 and ACR-1997 classification criteria in
a cohort of SLE patients with longstanding disease.

2. Materials and Methods

The study was carried out in the Systemic Autoimmune Disease Outpatient Clinic at
the Rheumatology Department of Hospital Universitari de la Santa Creu i Sant Pau. Our
center is the only tertiary referral hospital in the district of AIS Dreta in Barcelona with
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around 308,268 inhabitants. All high complexity and severe diseases are referred to our
center through the Universal Health Coverage of the Public Health System.

The inclusion criteria were patients older than 18 years with a confirmed diagnosis
of SLE based on the clinical expertise of the attending rheumatologist, with a follow-up
of at least 12 months. The exclusion criteria were patients who had lost follow-ups or for
any reason did not provide necessary clinical or laboratory information to evaluate the
classification criteria’s fulfillment. Between June 2020 and August 2020, 84 patients were
screened during routine clinical follow-ups. Finally, 79 consecutive patients were included.

Demographic, clinical and laboratory data were gathered. Disease activity was mea-
sured using the Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) and
accumulated damage was assessed using the SLICC/ACR Damage Index (SLICC/ACR
DI). Each of the three sets of criteria was applied at the last follow-up after reviewing past
medical records and SLE damage.

Anti-nuclear antibodies were determined by indirect immunofluorescent (IIF) assay
with Hep2 cells (INOVA diagnostics). Screening dilution was over 1:80. The anti-dsDNA
and anti-Sm and antibodies were tested using chemiluminescence tests (INOVA diagnos-
tics). The cut-off of positivity was 35 Units/mL for anti-dsDNA and 20 Units/mL for
anti-Sm. The quantitative determination of antiphospholipid IgG/IgM was performed
using Orgentec Diagnostika GmbH (Palex) kits with the ELISA method, following the
recommendations of the International Society on Thrombosis and Haemostasis. To ensure
a homogeneous method of immunological examination, all tests were performed in the
same laboratory and repeated before inclusion. All patients had blood tests checked at
least every 6–12 months except for patients with more active disease who required more
frequent examination.

The characteristics of the cohort were presented as absolute and relative frequencies
[n (%)] for categorical variables, and using mean and standard deviation (mean ± SD) for
quantitative variables. A study of association between criteria fulfillment and clinical and
immunological data was performed using contingency tables and chi-square; to calculate
concordance between the criteria, the kappa coefficient was used. Statistical significance
was assumed in p values < 0.05. IBM-SPSS (V26.1) software was used for data analysis.

3. Results

A total of 79 patients were included. Seventy patients (88.6%) were women. The mean
age of our cohort was 51.8 ± 14 years and they had a mean disease duration of 15.2 ± 11.5
years. All patients had a positive ANA test. The clinical and demographic characteristics
of the cohort are detailed in Table 1.

Out of 79 patients, 40 (51.9%) met all three classification criteria. Figure 1 shows the
proportion of patients who met the sets of different classification criteria. In our cohort,
no patients met the EULAR/ACR-2019 and ACR-1997 but not the SLICC-2012, nor did
we find any patients who met only the ACR-1997 criteria. Nine patients (11.4%) did
not meet any SLE classification criteria. Intriguingly, those patients were characterized
by meeting only skin domains (alopecia or oral ulcers), antiphospholipid antibodies or
hypocomplementemia domains, and presented low SLEDAI scores (0.6 ± 0.9). In addition,
they presented significantly lower SLICC/ACR Damage Index scores compared to those
who met all three sets of criteria (0.88 ± 0.56 vs. 4.02 ± 0.56; p < 0.025).
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Table 1. Demographic and clinical characteristics.

General conditions
Age (years), mean ± SD

Female, n (%)
Disease duration (years), mean ± SD

SLEDAI score, mean ± SD
SLICC/ACR DI, mean ± SD

n (79)
51.89 ± 14.04

70 (88.6%)
15.22 ± 11.59

2.65 ± 2.1
3.23 ± 1.35

Clinical features
Fever, n (%)

Non-scarring alopecia, n (%)
Oral ulcers, n (%)

Subacute cutaneous or discoid lupus, n (%)
Acute cutaneous lupus, n (%)

Arthritis, n (%)
Seizure, n (%)

Pleural or pericardial effusion, n (%)
Acute pericarditis, n (%)

Proteinuria > 0.5 g/24 h, n (%)
Class II or V lupus nephritis, n (%)

Class III or IV lupus nephritis, n (%)
Leukopenia, n (%)

Thrombocytopenia, n (%)
Autoimmune hemolysis, n (%)

2 (2.5)
18 (22.8)
28 (35.4)
12 (15.2)
16 (20.3)
38 (48.1)
1 (1.3)
2 (2.5)
4 (5.1)

11 (13.9)
15 (19)

12 (15.2)
24 (30.4)
9 (11.4)
2 (2.5)

Immunologic features
Anticardiolipin IgG > 40 GPL, n (%)
Anti B2 glycoprotein 1 > 40 UI, n (%)

Lupus anticoagulant, n (%)
Low C3 or low C4, n (%)

Low C3 and low C4, n (%)
Anti-dsDNA antibody, n (%)

Anti-Sm antibody, n (%)

12 (15.2)
10 (12.7)
12 (15.2)
29 (36.7)
28 (35.4)
50 (63.3)
14 (17.7)

SD: Standard deviation.

 

Figure 1. Proportion of patients meeting the different sets of criteria.

Seven patients only fulfilled one of the three classification criteria: three of them
only met the EULAR/ACR-2019 criteria and were characterized by having hypocom-
plementemia or arthritis with positive anti-dsDNA and ANA. The four patients that
exclusively met the SLICC-2012 criteria did not have a predilection for any domain. The
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cohort of patients who met the EULAR/ACR-2019 criteria had high scores, almost doubling
the cut-off point for classifying in comparison with the ACR 1997 and SLICC 2012 sets of
criteria. Interestingly, patients with higher scores (≥20) for the EULAR/ACR-2019 clas-
sification criteria were characterized by higher scores on the SLICC/ACR Damage Index
(4.41 ± 1.13) compared to those with lower EULAR/ACR-2019 scores (2.54 ± 1.01 SD)
(p < 0.02).

The percentages of patients meeting the different classification criteria are summarized
in Table 2.

Table 2. Proportion of patients meeting the different classification criteria and their scores.

Sensitivity (%
Achieving Criteria)

Mean Score of
Patients Classified
with SLE (±SD)

Mean Score of
Patients Not

Classified with SLE
(±SD)

ACR-1997 51.9 5 ± 0.9 2.8 ± 0.8
SLICC-2012 87.3 5.3 ± 1.4 2.8 ± 0.4

EULAR/ACR-2019 86.1 18.6 ± 5.8 6.1 ± 2.5
SD: Standard deviation.

Regarding the EULAR/ACR-2019 criteria, statistically significant associations were
found between meeting the EULAR/ACR-2019 classification criteria and the presence
of low C3 and C4 (p = 0.03), anti-dsDNA (p < 0.01), lupus nephritis III-IV (p < 0.05) and
arthritis (p < 0.01). Only one patient with C3 and C4 hypocomplementemia did not meet
any of those criteria. All patients with positive anti-dsDNA met the criteria and 73.5%
of patients that met the EULAR/ACR-2019 criteria tested positive for anti-dsDNA. All
patients with lupus nephritis III–IV and arthritis were classified as having SLE, and 55.9%
and 17.6% of patients classified as having SLE by these criteria had arthritis or lupus
nephritis III–IV, respectively. Moreover, all patients with proteinuria > 0.5 g/24 h also met
the EULAR/ACR-2019 criteria.

In the SLICC-2012 evaluation, there were significant associations between meeting
these criteria and the presence of arthritis (p < 0.01), renal involvement (p < 0.01), leukope-
nia/lymphopenia (p < 0.01), anti-dsDNA (p = 0.02) and hypocomplementemia (p = 0.02).
Of the patients with arthritis and/or renal involvement/leukopenia/lymphopenia, 97.2%
and 100% were classified as having SLE, respectively. Likewise, 94% of the patients with el-
evated anti-dsDNA and 93% with decreased complement also met the SLICC-2012 criteria.

Fulfillment of ACR-1997 was associated with malar rash (p < 0.01), discoid rash
(p = 0.05), oral ulcers (p = 0.03) and presence of photosensitivity (p < 0.01), as well as
arthritis (p < 0.01), serositis (p = 0.02) and renal (p = 0.05) and hematologic (p = 0.05)
involvement. The proportions of patients in our cohort with malar rash, discoid lupus,
oral ulcers or photosensitivity who met the ACR-1997 criteria were 93%, 85.7%, 67.8% and
84.6%, respectively. Of the patients with arthritis, 73.6% were classified as having SLE, as
well as 100%, 68% and 72.4% of those with serositis, renal and hematologic involvement,
respectively. Table 3 summarizes the different involvement associations with all sets of
classification criteria.

Finally, the Kappa agreement coefficient between the three sets of classification criteria
found the best concordance between the EULAR/ACR-2019 and SLICC-2012 classification
criteria (K 0.61) in comparison with the agreement between the EULAR/ACR -2019 and
ACR-1997 (K 0.27) and between the SLICC-2012 and ACR-1997 (K 0.30).
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Table 3. Statistical associations between the clinical/immunological domains and the EULAR/ACR-2019, SLICC-2012 and
ACR-1997 classification criteria.

EULAR/ACR-2019
Domains

Achieving
EULAR/ACR-2019 (p)

SLICC-2012 Domains
Achieving

SLICC-2012 (p)
ACR-1997
Domains

Achieving
ACR-1997 (p)

Fever 0.436 Acute cutaneous lupus 0.265 Malar rash 0.000

Non-scarring
alopecia 0.707 Chronic cutaneous

lupus 0.130 Discoid rash 0.048

Oral ulcers 0.461 Oral or nasal ulcers 0.697 Photosensitivity 0.000

Subacute cutaneous
or discoid lupus 0.770 Non-scarring alopecia 0.820 Oral ulcers 0.034

Acute cutaneous
lupus 0.283 Arthritis 0.009 Arthritis 0.000

Arthritis 0.000 Serositis 0.291 Serositis 0.020

Delirium NA Renal involvement 0.003 Renal disorder 0.049

Psychosis NA Neurologic disorder 0.602 Neurologic
disorder 0.957

Seizure 0.583 Hemolytic anemia 0.459 Hematologic
disorder 0.005

Pleural or pericardial
effusion 0.436

Leukopenia <
4000/mm3/lymphopenia

< 1000/mm3
0.005 Immunologic

disorder 0.120

Acute pericarditis 0.267 Thrombocytopenia <
100.000/mm3 0.107 ANA NA

Proteinuria> 0.5
g/24 h 0.059 ANA NA

Class II or V lupus
nephritis 0.331 Anti-dsDNA 0.022

Class III or IV lupus
nephritis 0.047 Anti-Sm 0.467

Leukopenia <
4000/mm3 0.069 Antiphospholipid

antibodies 0.796

Thrombocytopenia <
100.000/mm3 0.471 Low complement 0.022

Autoimmune
hemolysis 0.436 Direct Combs test 0.236

Anticardiolipin IgG
> 40 GPL 0.509

Anti B2 glycoprotein
1 > 40 UI 0.070

Lupus anticoagulant 0.270

Low C3 or low C4 0.980

Low C3 and low C4 0.031

Anti-dsDNA
antibody 0.000

Anti-Sm antibody 0.387

ACR: American College of Rheumatology. EULAR: European League Against Rheumatism. NA: Not applicable. SLICC: Systemic Lupus
International Collaborating Clinics.
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4. Discussion

We found significant differences among the three sets of SLE classification criteria
and the patients’ characteristics according to the achieved criteria. Only 51.9% of our
patients met all three classification criteria, which is a lower proportion than that described
in other cohorts [5,13,14]. This percentage is even lower than expected considering that
those were patients with long-standing disease [19]. It is known that the sensitivity of each
classification criteria differs among them. The EULAR/ACR-2019 classification criteria
show high sensitivity in SLE patients with longstanding disease, similar to the SLICC-
2012 criteria, both of which are much higher than the ACR-1997, as has been described
previously in other cohorts [5,13,14]. This might be explained by the increased weight that
a better understanding of SLE physiopathology provides to analytic and immunological
criteria in the new sets of criteria against the relevance of dermatological manifestations in
the ACR-1997 criteria.

Patients who were classified as having SLE by the EULAR/ACR-2019 classification
criteria had a mean higher score and were further above the cut-off point than in the other
two sets of criteria. We have not found this data described in other cohorts but we consider
this finding to be positive, making it more difficult to find doubtful cases. It is worth
emphasizing that high scores (≥20) in the EULAR/ACR-2019 criteria were associated with
more accumulated damage and this might indicate a predictive role of this set of criteria
for disease severity.

We also observed that patients with low SLEDAI scores were less likely to meet the
classification criteria for any of the three sets. Thus, 11.4% of patients diagnosed with SLE
barely classified in any of the three sets of classification criteria and were characterized by
presenting low SLEDAI scores (0.6 ± 0.9). Recently, higher disease activity indices in SLE
have been described in patients with increased EULAR/ACR-2019 scores and <12 months
of disease course [20]. Other authors conclude that the new criteria may misclassify a small
subset of SLE patients with milder disease [17].

Another interesting finding was the different weights that some features have in
the different sets of classification criteria. The clinical and immunological characteristics
that were statistically associated with positive EULAR/ACR-2019 criteria were renal
involvement, arthritis, low C3 and C4 and a positive test for DNA, with all of those
important and highly specific to SLE [21]. Those features were also associated with the
SLICC-2012 classification criteria together with leukopenia/lymphopenia. None of these
two sets showed a statistical association with other clinical domains such as cutaneous,
serositis or constitutional syndrome. On the other hand, patients that met the ACR-1997
criteria were linked with other clinical characteristics such as in the cutaneous, serositis,
arthritis or hematological domains. It is noteworthy that the magnitude of dermatological
manifestations in the ACR1997 classification criteria decreased in favor of analytic and
immunological parameters in the later presented classification criteria from 2012 and 2019.
Partially, the explanation may lie in the different definitions used for cutaneous lupus
among the three sets of criteria and the weight given to every single manifestation [11].

We also observed a low agreement among the different criteria to classify patients
as having SLE, with the highest kappa coefficient between the EULAR/ACR-2019 and
SLICC-2012 classification criteria (K = 0.61). This may be explained by similarities between
the EULAR/ACR-2019 and SLICC-2012 classification criteria [6].

Some limitations are obvious in our study. Firstly, this is a retrospective study with
the weaknesses of such types of projects. The inclusion criterion that the patients had to
accomplish for us to apply every set of criteria excluded patients with previous unavailable
data or there was a need to update the information on specific items. Moreover, some
clinical information may have been missed or underestimated. This is associated with the
second limitation of the study: the small size of the cohort did not allow us to precisely
identify clinical profiles of patients diagnosed with SLE who did not meet some or any of
the classification criteria. Finally, specificity has not been assessed as we did not include
control subjects or patients with other diagnoses. Further research with larger, multiracial
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and worldwide-representative cohorts is needed, especially regarding the specificity of the
EULAR/ACR-2019 criteria.

5. Conclusions

To summarize, our data support the validity of the new 2019 criteria for accurate
classification of SLE in patients with longstanding disease, potentially leading to better
outcomes and targeted therapies. It also expands the reliability of EULAR/ACR-2019
classification criteria in real-life conditions, in a longstanding disease cohort exposed to
several treatments, sometimes with low disease activity.
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Abstract: Background: Evidence indicates a causal link between cytomegalovirus (CMV) infection
and the triggering of systemic lupus erythematosus (SLE). Animal studies have revealed that CMV
phosphoprotein 65 (pp65) induces autoantibodies against nuclear materials and causes the autoan-
tibody attack of glomeruli. IgG eluted from the glomeruli of CMVpp65-peptide-immunized mice
exhibited cross-reactivity against dsDNA and TATA-box-binding protein associated factor 9 (TAF9).
Whether the elevation of anti-TAF9 IgG is associated with anti-CMV reactivity in human lupus
remains unclear. Methods: The sera from patients with rheumatic diseases, including ankylosing
spondylitis (AS), gout, rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), and Sjögren
syndrome (SS) were examined using ELISA for antibodies of CMV, CMVpp65, and TAF9. Results: In
total, 83.8% of the rheumatic patients had acquired CMV infections. The SLE patients had a high
prevalence of anti-CMV IgM. The highest seropositivity rates for anti-HCMVpp65 and anti-TAF9
IgG were observed in the SLE patients. Purified anti-CMVpp65 IgG from CMVpp65/TAF9 dual-
positive SLE sera reacted to both TAF9 and dsDNA. An increased prevalence of proteinuria and low
hemoglobin levels were found in CMV IgG- and CMVpp65 IgG-positive SLE patients. Conclusions:
This observation suggests that immunity to CMVpp65 is associated with cross-reactivity with TAF9
and dsDNA and that it is involved in the development of clinical manifestations in SLE.

Keywords: systemic lupus erythematosus; cytomegalovirus phosphoprotein 65; TATA-box-binding
protein associated factor 9; anemia; proteinuria

1. Introduction

Systemic lupus erythematosus (SLE) is a chronic inflammatory immune disorder
characterized by widespread loss of host immune tolerance to self-nuclear antigens. In-
creasing evidence indicates that human cytomegalovirus (CMV) infection precedes the
onset of this loss of tolerance [1]. Most people infected with CMV during childhood are
asymptomatic or exhibit self-limiting manifestations. Lifelong persistence, intermittent re-
activation, and the dampening of the host defenses by interference with the host’s immune
system are essential characteristics of CMV infection [2]. Several autoimmune disorders
have been linked to CMV infection, particularly SLE [3]. Active CMV infections that are
more frequently observed in SLE patients with active disease are related to the clinical
manifestations and other complications [4]. CMV infection increases Ro/La protein ex-
pression on keratinocytes and laboratory cell lines [5,6]. The seroprevalence of anti-CMV
and anti-U1 small nuclear ribonucleoprotein (snRNP) IgG is greater in SLE patients than
healthy individuals, suggesting that CMV has a potential role in SLE development [7].

CMV phosphoprotein 65 (pp65), the major component of the extracellular viral particle,
is responsible for the modulation of the host’s immune system during CMV infection [8,9].
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SLE patients have a higher seroprevalence of anti-CMVpp65 IgG than other rheumatic
patients [10]. Glomerular cellularity, proteinuria, and anti-CMVpp65 IgG cross-reacting
with dsDNA and nuclear proteins were found in mice immunized with a CMVpp65
protein fragment [11,12]. Recently, we observed that the immunoglobulin G eluted from
the glomeruli of CMVpp65-peptide-immunized mice bound to dsDNA and the human
TATA-box-binding protein associated factor 9 (TAF9) protein [13]. To further confirm
this observation in human subjects and investigate the association between serum anti-
CMV/CMVpp65 IgG and the anti-TAF9 IgG antibody and SLE disease, cross-sectional
research was performed on patients with one of five common rheumatic diseases.

2. Materials and Methods

2.1. Study Subjects

We followed the method proposed in our previous study [13]. All the participants
were enrolled from rheumatology clinics in the Linkou branch of Chang Gung Memorial
Hospital. The definition of rheumatic diseases was based on the American College of
Rheumatology classification criteria, and a rheumatologist confirmed all the diagnoses.
The current study was approved by the Institutional Review Board of Chang Gung Memo-
rial Hospital, and all the participants provided written informed consent before their
inclusion as required by the Declaration of Helsinki (approval numbers #201600798B0 and
201600795B0). The follow-up sera were collected from rheumatic patients whose disease
was well-controlled at 3 months after disease onset. The clinical manifestation data were
monitored and analyzed at the same time.

2.2. Antibody Purification

Antibody purification from serum was conducted as previously described [11]. Briefly,
cyanogen-bromide-activated Sepharose (CnBr, 0.25 g/mL; Sigma Aldrich, St. Louis, Mis-
souri, USA; CAS Number: 68987-32-6) was activated using 15 gel volumes of 1 mM HCl
at 4 ◦C for 1 h. After activation, the CnBr resin was washed using an ice-cold coupling
buffer twice. A total of 2 mg of CMVpp65 protein (ProSpect, Rehovot, Israeli; Catalog code:
CMV-215) was dissolved by gentle rotation in ice-cold coupling buffer (0.1 M NaHCO3,
0.5 M NaCl, pH 8.3) with activated CnBr resin at 4 ◦C overnight. The free active groups
on the CnBr resin were deactivated using 0.1 M Tris-HCl (pH 8.0) at room temperature
for 2 h. After deactivation, the CnBr resin was washed three times with alternating buffer
(0.1 M NaAc, 0.5 M NaCl, pH 4.0, and 0.1 M Tris-HCl, 0.5 M NaCl, pH 8.0) and washed
with 10 mL of PBS once. For purification, 2 mL of serum from each patient with SLE and
an anti-CMVpp65 IgG-positive status, in 20 mL of ice-cold PBS, was added to CMVpp65-
protein-conjugated CnBr resin and incubated at 4 ◦C overnight. The bound antibodies
were eluted using 1 mL of 0.1 M glycine (pH 2.0), and the eluted fraction was immediately
neutralized with 50 μL of neutralizing buffer (1 M Tris-HCl, 2 M NaCl, pH 8.8).

2.3. ELISA Assay

The measurement of CMV IgM and CMV IgG was conducted using the Cytomegalovirus
IgG/IgM ELISA Kit (Abnova, Taipei City, Taiwan; Catalog code: KA-1452 and KA-0228).
The detection of serum CMV IgM and IgG was performed according to the manufacturer’s
instructions. For the semi-quantitative determination of the CMVpp65 IgG, TAF9, and
dsDNA IgG antibody titers, ELISA was conducted as previously described with minor
modifications [13]. Briefly, 100 ng/well of CMVpp65 (Prospect, Rehovot, Israeli; Cat-
alog code: CMV-215), TAF protein (MyBiosource, San Diego, CA, USA; Catalog code:
MBS1385026), or purified calf thymus dsDNA (Sigma-Aldrich, St. Louis, MO, USA; CAS
Number: 73049-39-5), in phosphate buffered saline (PBS, pH 7.4), was coated on a 96-well
microtiter plate (Greiner Bio-One, North Carolina, USA; Catalog Number: 655074) at 4 ◦C
overnight. After blocking the plate with 5% skimmed milk, 100× diluted human serum
or 0.5 μg of purified IgG antibody in PBS was added, and the plate was incubated at 4 ◦C
for 2 h. Following incubation, the unbound antibody was washed away four times using
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TBS with 0.05% Tween-20, and the bound antibody was incubated with 5000× diluted
horseradish peroxidase (HRP)-conjugated anti-human IgG (Jackson ImmunoResearch,
Pennsylvania, PA, USA; Catalog code: 109-035-088) at 4 ◦C for 2 h. After washing, TMB
(Sigma-Aldrich, St. Louis, MO, USA) was added as the substrate, and the HRP activity
was measured using a microplate ELISA reader at 450 nm (EZ read 400). Anti-CMVpp65
and anti-TAF9 positivity were defined according to the mean + 3SEM for the sera from the
SLE patients.

2.4. CMV IgG Avidity Testing

The CMVIgG avidity was determined using a modified protocol [14]. The CMV IgG
avidity was measured using the same CMV IgG kit with the use of TBST containing 8 M
urea as a washing solution. We performed two sets of ELISA testing for CMV IgG avidity:
one set was washed with TBST containing 8 M urea, and the other was washed with TBST
without 8 M urea. The CMV IgG activities were used to calculate the avidity index (AI).
The AI calculation was as follows: percentage of AI = (O.D.450 absorbance value of CMV
IgG activity per well with 8 M urea wash/O.D.450 absorbance value of CMV IgG activity
per well without 8 M urea wash) ×100. The cut-off value of AI >60% represented high IgG
avidity, which is considered to indicate a past or recurrent infection, while the cut-off value
of AI <30%, the low avidity, demonstrates primary infection.

2.5. Statistical Analysis

Statistical analyses of the titers and multiple-comparison corrections were performed
using the GraphPad Prism software 8.0. Student’s t and two-tailed Fisher’s tests were
used for these comparisons, with graphs depicting the mean ± SEM. Pearson’s correlation
coefficient test was used to examine these comparisons, with graphs depicting the R squared
and p values. The independent t-test, Kruskal–Wallis test, and chi-squared test were used to
examine the results of the serological analysis. A p value <0.05 was considered significant,
and different levels of significance are reported (* p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001).

3. Results

First, we examined the sera from patients with one of five rheumatic diseases—SLE
(n = 193), SS (n = 70), RA (n = 84), gout (n = 92), and AS (n = 68)—for IgG and IgM antibodies
against CMV (Table 1).

Table 1. Antibody responses to CMV, CMVpp65, and human TAF in rheumatic patients.

Characteristics
SLE

(n = 193)
SS

(n = 70)
RA

(n = 84)
Gout

(n = 92)
AS

(n = 68)
p Value

Mean age, y (SD) 41.5 (12.7) 52.8 (11.1) 54.1 (12.6) 51.7 (14.1) 44.0 (12.8) <0.0001 a

Gender <0.0001 b

Male, n (%) 17 (8.8) 8 (11.4) 9 (10.7) 86 (93.5) 32 (47.1)
Female, n (%) 176 (91.2) 62 (88.6) 75 (89.3) 6 (6.5) 36 (52.9)

Anti-CMV IgG (+) 163 (84.5) 64 (91.4) 76 (90.5) 70 (76.1) 52 (76.5) 0.0063 b

Anti-CMVpp65 IgG c, n (%) 61 (37.4) 12 (18.8) 10 (13.2) 13 (18.6) 17 (32.7) 0.0004 b

Anti-TAF9 IgG c, n (%) 50 (30.7) 13 (20.3) 6 (7.9) 8 (11.4) 6 (11.5) 0.0001 b

Dual positives c, n (%) 28 (17.2) 8 (12.5) 3 (3.9) 4 (5.7) 5 (9.6) 0.0219 b

Anti-CMV IgM 21 (10.9) 5 (7.1) 2 (2.4) 3 (3.3) 2 (2.9) 0.0217 b

Anti-CMV IgM and IgG 21 (10.9) 5 (7.1) 2 (2.4) 3 (3.3) 2 (2.9) 0.0217 b

SLE, systemic lupus erythematosus; SS, Sjögren syndrome; RA, rheumatoid arthritis; AS, ankylosing spondylitis; a Kruskal–Wallis test.
b Chi-squared test. c The positive sera from patients with anti-CMV IgG antibodies. The anti-CMVpp65 and anti-TAF9 positive sera were
defined according to the mean + 3SEM of the sera from SLE patients. SD, standard deviation; y, year.

Over 75% of the patients of each rheumatic cohort who had acquired immunity
from past CMV infections displayed anti-CMV IgG responses (Figure 1A,B) and exhibited
intermediate or high CMV IgG avidity (Supplementary Tables S1–S5). SLE patients (10.9%,
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21/193) had a higher rate of CMV IgM positivity than patients with other rheumatic
diseases (Table 1).

 
Figure 1. ELISA analysis of the antibody response to CMV using sera of patients with SLE (n = 193),
SS (n = 70), RA (n = 84), gout (n = 92), and AS (n = 68). (A) Anti-CMV IgM activity. (B) Anti-CMV
IgG activity. * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001.

In addition, the IgG antibody responses to CMVpp65 and the human TAF9 protein
were evaluated using the sera from rheumatic patients with CMV IgG-positive statuses,
including SLE (n = 163), SS (n = 64), RA (n = 76), gout (n = 70), and AS (n = 52). We
found that the serum titers of anti-CMV IgG, anti-CMVpp65 IgG, and anti-TAF9 IgG
were significantly more elevated in SLE patients than in the other rheumatic patients
(Figures 1B and 2A,B).

SLE sera (37.4% and 30.7%) exhibited the highest seropositive rate for anti-CMVpp65
IgG and anti-TAF9 IgG when compared to the sera from AS (32.7% and 11.5%) and SS
(18.8% and 20.3%; Table 1). Moreover, a higher prevalence of coexisting anti-CMVpp65
and anti-TAF9 IgG was found in SLE (17.2%) than in AS (9.6%) and SS (12.5%; Table 1).
Therefore, we purified anti-CMVpp65 antibodies from CMVpp65/TAF9 dual-positive SLE
sera and examined antibody binding to dsDNA and the TAF9 protein (Figure 3).

ELISA results showed that the purified anti-CMVpp65 IgG could recognize dsDNA
and the TAF9 protein. The positive association between anti-CMVpp65, anti-TAF9, and
anti-dsDNA IgG antibody activities was significant in our cross-reactivity testing.

In addition, we compared the hematological and serological changes in SLE patients
in the presence or absence of the IgG antibody to CMV and/or CMVpp65. CMV IgG-
seropositive SLE patients had a higher prevalence of anti-dsDNA (p = 0.014) and anti-SSA
(p = 0.014) antibodies than did CMV IgG-negative SLE patients. A statistically significant
decrease in hemoglobin (p = 0.013) and hematocrit (p < 0.001) levels and an increased
proteinuria rate (p = 0.026) were found in CMV IgG-seropositive SLE patients (Table 2). A
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high prevalence of proteinuria (p = 0.001) and low hemoglobin level (p < 0.001) were also
observed in CMVpp65 IgG-positive SLE patients.

 
Figure 2. ELISA analysis of the antibody responses to CMVpp65 and TAF9 using sera of patients
with SLE (n = 193), SS (n = 70), RA (n = 84), gout (n = 92), and AS (n = 68). (A) Anti-CMVpp65 IgG
activity. (B) Anti-human TAF9 IgG activity. * p ≤ 0.05; *** p ≤ 0.001.

 

Figure 3. Analysis of the correlation between anti-CMVpp65 IgG, anti-human TAF9 IgG, and anti-dsDNA IgG by ELISA
testing with anti-CMVpp65 IgG purified from CMVpp65/TAF9 dual-positive SLE sera (n = 28).
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Table 2. Comparison of hematological and serological abnormalities in SLE patients in the presence or absence of IgG
antibody to CMV and CMVpp65.

Characteristics
CMV IgG
Negative
(n = 30)

CMV IgG
Positive
(n = 163)

p Value
CMVpp65 IgG

Negative
(n = 102)

CMVpp65 IgG
Positive
(n = 61)

p Value

Mean age, y (SD) 43.4 (12.7) 42.9 (12.1) 0.837 a 42.9 (12.3) 42.8 (12.9) 0.961 a

Female, n (%) 26 (86.7) 150 (92.0) 0.309 b 94 (92.2) 56 (91.8) 1.000 b

Cre, n (%) 3 (10.0) 25 (15.3) 0.580 b 16 (15.7) 9 (14.8) 0.873 c

Urine protein, n (%) 3 (10.0) 48 (29.4) 0.026 c 21 (20.6) 27 (44.3) 0.002 c

WBC, n (%) 7 (23.3) 24 (14.7) 0.278 b 14 (13.7) 10 (16.4) 0.642 c

RBC, n (%) 8 (26.7) 52 (31.9) 0.569 c 29 (28.4) 23 (37.7) 0.219 c

Hb, n (%) 9 (30.0) 89 (54.6) 0.013 c 42 (41.2) 47 (77.1) <0.0001 c

Hct, n (%) 10 (33.3) 127 (77.9) <0.001 c 78 (76.5) 49 (80.3) 0.566 c

MCV, n (%) 4 (13.3) 29 (17.8) 0.551 c 18 (17.6) 11 (18.0) 0.950 c

MCH, n (%) 3 (10.0) 34 (20.9) 0.165 c 19 (18.6) 15 (24.6) 0.365 c

MCHC, n (%) 2 (6.7) 14 (8.6) 1.000 b 5 (4.9) 9 (14.8) 0.029 c

Platelets, n (%) 2 (6.7) 26 (16) 0.262 b 13 (12.7) 13 (21.3) 0.148 c

Low C3, n (%) 11 (36.7) 73 (44.8) 0.410 c 40 (39.2) 33 (54.1) 0.064 c

Low C4, n (%) 8 (26.7) 69 (42.3) 0.107 c 42 (41.2) 27 (44.3) 0.699 c

Autoantibodies
Anti-dsDNA, n (%) 12 (40.0) 104 (63.8) 0.014 b 63 (61.8) 41 (67.2) 0.484 c

Anti-SSA, n (%) 4 (13.3) 59 (36.2) 0.014 c 36 (35.3) 23 (37.7) 0.757 c

Anti-SSB, n (%) 6 (20.0) 17 (10.4) 0.214 b 11 (10.8) 6 (9.8) 0.848 c

Anti-Sm, n (%) 6 (20.0) 31 (19) 0.900 c 19 (18.6) 12 (19.7) 0.869 c

Anti-RNP, n (%) 3 (10.0) 34 (20.9) 0.165 c 20 (19.6) 14 (23.0) 0.611 c

Anti-Scl70, n (%) 0 (0) 1 (0.6) 1.000 b 0 (0) 1 (1.6) 0.374 b

Anti-Jo1, n (%) 0 (0) 2 (1.2) 1.000 b 1 (1) 1 (1.6) 1.000 b

Anti-CentB, n (%) 1 (3.3) 4 (2.5) 0.575 b 3 (2.9) 1 (1.6) 1.000 b

Anti-Histone, n (%) 4 (13.3) 22 (13.5) 1.000 b 14 (13.7) 8 (13.1) 0.912 c

Normal adult reference ranges. WBC (leukocyte count, M: 3.9~10.6, F: 3.5~11, ×109/L), RBC (erythrocyte count, M: 4.5 ~ 5.9, F: 4.0~5.2,
×1012/L), Hb (hemoglobin, M: 13.5~17.5, F: 12~16, g/dL), Hct (hematocrit, M: 41~53, F: 36~46%), MCV (mean corpuscular volume, 80–100,
fL), MCH (mean corpuscular hemoglobin, 26–34, pg), MCHC (mean corpuscular hemoglobin concentration, 31–37%), platelet count
(150–400, ×109/L), Cre (creatinine, M: 0.64~1.27, F: 0.44~1.03, mg/dL), urine protein (>30 mg/dL), C3 (complement C3, 80–155, mg/dL), C4
(complement C4, 13–37, mg/dL). M: male; F: female. Anti-SSA, anti-Sjögren syndrome-related antigen A antibody; Anti-SSB, anti-Sjögren
syndrome-related antigen B antibody; Anti-Sm, anti-Smith antibody; Anti-RNP, anti-nuclear ribonucleoprotein antibody; Anti-Scl70,
anti-topoisomerase I antibody; Anti-CentB, anti-centromere B antibody. a Independent t test; b Fisher’s exact test; c Chi-square test.

4. Discussion

In the current study, the CMV IgG seropositivity in 507 patients with rheumatic dis-
eases was 83.8%. The CMV IgG seropositivity rate in rheumatic patients ranged from 76.1%
to 91.4%, and few patients were CMV IgM positive. Our study population’s seropositivity
rates for CMV IgG and IgM were close to those of previous studies [15,16]. Notwithstand-
ing the observation that those patients with SLE or SS exhibited high seropositivity for
CMV IgM, the CMV IgG antibody titer had already been elevated, as the patients were
diagnosed with SLE or SS. The presence of anti-CMV IgM and IgG was assumed to indicate
CMV reactivation rather than primary infection.

Antibody reactivity to the CMVpp65 antigen was less frequent in healthy individuals
but more frequent in patients with SLE [10,12]. We observed a similar pattern with the
antibody reactivity to the TAF9 antigen. The SLE patients had greater seropositivity for
the anti-TAF9 IgG antibody than the patients with AS, gout, or RA. Compared with the
groups of rheumatic patients, a higher prevalence of coexisting anti-CMVpp65 IgG and
anti-TAF9 IgG was found in patients with SLE. Moreover, anti-CMVpp65 IgG purified from
CMVpp65/TAF9 dual-positive SLE sera recognized CMVpp65, TAF9, or dsDNA, indicating
that immunity to CMVpp65 is a potential trigger inducing cross-reactive antibodies in
susceptible individuals.

During CMV infection or reactivation, the replication of CMV in kidney mesangial cells
is implicated in the pathogenesis of CMV-induced renal disease [17,18]. The glomerular
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deposition of the CMV antibody–antigen complex is a critical factor contributing to immune
complex glomerulonephritis [10,19]. Our previous study observed that BALB/c mice
receiving the CMVpp65 peptide developed cross-reactive antibodies, proteinuria, and
immunoglobulin deposition on the glomeruli [13]. In the present study, we found that the
increased incidence of proteinuria in anti-CMVpp65-positive SLE patients was higher than
that in anti-CMVpp65-negative SLE patients, suggesting that the elevated anti-CMVpp65
antibodies in SLE patients may be associated with renal damage and proteinuria. However,
a causal link between autoimmune hemolytic anemia and SLE risk has also been discussed.
CMV infection has been reported to inhibit erythropoietin production, which induces
or exacerbates anemia in patients [20,21]. Low hemoglobin and hematocrit levels were
found in SLE patients with CMV IgG or CMV/CMVpp65 IgG responses. However, the
pathogenesis of anemia during CMV infection remains unclear, and our results cannot
explain the causative link between the presence of CMV/CMVpp65 IgG and the occurrence
of anemia in SLE. A comprehensive investigation is required to verify the role of anti-
CMVpp65 IgG in anemia.

ELISA is a useful tool for determining the presence of serum anti-CMV IgM and
IgG antibodies for the preliminary detection of CMV; however, several limitations of
qualitative detection should be mentioned. For example, for patients with positive anti-
CMV IgM results, it is not possible to clearly distinguish between CMV primary infection
and reactivation. Furthermore, the time for the seroconversion of CMV IgM to CMV IgG or
an elevated antibody response to CMVpp65 or the TAF9 protein varied between patients,
meaning that quantitative testing is not suitable for monitoring the resolution of infection,
especially when considering the fact that the seroprevalence rate for CMV is around 90% in
Taiwanese patients [15]. Therefore, longitudinal research may offer comprehensive insights
into the resolution of viral infection and cross-reactivity occurrence in autoimmune disease.
Moreover, antibody reactivity toward linear epitopes is unable to be detected by ELISA
testing. This may explain the low seropositivity of IgG antibodies against CMVpp65 in the
current study [12].

5. Conclusions

In the present study, we examined the seroprevalence of anti-CMV IgG/IgM, anti-
CMVpp65 IgG, and anti-TAF9 IgG among patients with five common rheumatic diseases.
Compared to those from individuals with other rheumatic diseases, sera from SLE patients
showed the highest seropositivity for antibodies against CMVpp65 and/or TAF9. The high
proportion of coexisting serum IgG antibodies to CMVpp65 and TAF9 and the occurrence
of cross-reactivity in SLE sera suggested that immunity to CMVpp65 is a potential trigger
inducing cross-reactive antibodies. In addition, the high prevalence of proteinuria and low
hemoglobin levels present in CMV IgG- and CMVpp65 IgG-positive SLE patients implied
that CMV infection or reactivation might be involved in proteinuria and anemia during the
development of SLE.
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status, Table S4. The measurement of CMV IgG avidity in gout patients with positive CMV IgG
status, Table S5. The measurement of CMV IgG avidity in AS patients with positive CMV IgG status.
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Abstract: Background: The psychological effects of systemic lupus erythematosus (SLE) are tremen-
dous. This pilot mixed-methods randomized controlled trial aimed to evaluate the effects of a
mindfulness-based stress reduction (MBSR) adapted protocol on psychological distress among SLE
patients. Methods: 26 SLE patients were randomly assigned to MBSR group therapy (n = 15) or a
waitlist (WL) group (n = 11). An adapted MBSR protocol for SLE was employed. Three measure-
ments were conducted: pre-intervention, post-intervention and 6-months follow up. A sub-sample
(n = 12) also underwent qualitative interviews to assess their subjective experience of MBSR. Results:
Compared to the WL, the MBSR group showed greater improvements in quality of life, psychological
inflexibility in pain and SLE-related shame. Analysis among MBSR participants showed additional
improvements in SLE symptoms and illness perception. Improvements in psychological inflexibility
in pain and SLE-related shame remained stable over six months, and depression levels declined
steadily from pre-treatment to follow-up. Qualitative analysis showed improvements in mindfulness
components (e.g., less impulsivity, higher acceptance), as well as reduced stress following MBSR.
Conclusions: These results reveal the significant therapeutic potential of MBSR for SLE patients.
With its emphasis on acceptance of negative physical and emotional states, mindfulness practice is a
promising treatment option for SLE, which needs to be further applied and studied.

Keywords: systemic lupus erythematosus (SLE); autoimmune diseases; mindfulness-based stress
reduction (MBSR); mindfulness; psychotherapy

1. Introduction

Systemic Lupus Erythematosus (SLE) is an autoimmune disease, the intensity of which
varies between mild and severe. Apart from classical criteria such as joint pain, arthritis,
skin lesions, and photosensitivity, it involves various organ-specific manifestations, as well
as chronic fatigue and reduced quality of life [1,2]. The prevalence of SLE vary by age and
gender, as it predominantly affects women in their 20′s and 30′s [3]. Furthermore, SLE
is considered a stress-related disease, and in many cases symptoms are worsened under
stressful conditions [4,5].

In their model of SLE symptom types, Pisetsky et al. [6] have coined the term “Type 2”
symptoms. These include symptoms such as fatigue, widespread body pain, depression,
anxiety, cognitive dysfunction, and sleep disturbance. Such symptoms usually do not
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respond to therapy with immunosuppression or corticosteroids, even with escalation of
doses. Neurological and psychiatric manifestations affect the majority of SLE patients,
and several of these manifestations define a disease criterion [7]. Throughout their lives,
65% of patients with SLE are diagnosed with a mood or anxiety disorder, including
major depression (47%), specific phobia (24%), panic disorder (16%), obsessive-compulsive
disorder (9%), and bipolar disorder (6%). Thus, psychological effects related to SLE are
significant, and exert a considerable impact on patients’ quality of life [8]. SLE patients
also experience cognitive impairment in various fields, and disease activity is correlated
with cognitive dysfunction, along with self-reported fatigue, pain, and negative mood [9].
Type 2 symptoms of SLE are today recognized as a highly important aspect of the disease,
which has yet to receive sufficient clinical attention [10]. Thus, despite these significant
psychological difficulties experienced by individuals with SLE, there is a scarcity of research
examining novel psychotherapeutic interventions in this field [11]. In this study, we focus
on mindfulness-based therapy and its effects on different aspects of SLE.

Mindfulness involves “paying attention in a particular way: on purpose, in the present
moment, and non-judgmentally” [12]. It refers to the cultivation of conscious awareness and
attention on a moment-to-moment basis, with an open and non-judgmental attitude [13].
According to a growing body of evidence, mindfulness-based interventions (MBI) may
improve coping with pain and psychological symptoms [14,15]. The most well-known
variant of MBI is called Mindfulness–Based Stress Reduction (MBSR), a group therapy
program that provides systemic training in mindfulness meditation as a self-regulation
approach to stress reduction [16].

In its original version, MBSR is an eight-week program in mindfulness training. The
standard program includes weekly group sessions of 2–2.5 h and one full-day session after
six to seven weeks. The program’s core elements consist of various mental and physical
mindfulness exercises: (1) body-scan exercises (paying close attention to all body parts,
from head to toe), (2) mental exercises focusing one’s attention on breathing, (3) physical
exercises (e.g., walking meditation) focusing on being aware of bodily sensations and one’s
own limits during exercises, and (4) practicing being fully aware during everyday activities.
Essential to all parts of the program is developing an accepting and non-reactive attitude
to what one experiences in the present moment. In each session, time is allocated for group
members to reflect together on what they experience when they practice mindfulness.
Between sessions, participants are instructed to listen to 30–45 min guided exercises in
body-scan, sitting meditation, focusing on breathing and yoga stretching [17].

Surprisingly, despite its well-documented effects on rheumatic and autoimmune
diseases [18], research on MBI among SLE has so far been very scarce, and showed notable
methodological limitations. To date, there has been only one randomized controlled trial
of MBSR among SLE patients, focusing on a very limited set of outcome measures, none
of which included physical or psychiatric symptoms [19]. Two other previous studies
applied mindfulness-based cognitive therapy (MBCT) on SLE patients [20–22]. MBCT is
another variant of MBI, which was originally designed to treat depression [23], and thus is
less focused on stress reduction per-se. Here too, outcome measures were quite limited
in scope. Finally, a recent study applied a mindfulness protocol specifically focused on
meta-cognition (i.e., one’s ability to “think about one’s thoughts”) among individuals with
SLE, showing improvements in psychological well-being, with no follow-up long-term
assessment [24].

Furthermore, due to SLE patients’ physical limitations, administering the generic
MBSR intervention may prove as both challenging and ineffective, as individuals may
feel too sick to participate or experience difficulties with prolonged sitting/meditating,
which may, in turn, entail high dropout rates [25]. Thus, a newly adapted protocol is called
for. Finally, in order to achieve a fuller understanding of patients’ experiences in therapy,
mixed-methods studies are needed, combining both quantitative and qualitative research
methods.
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In this study, we aim to fill these large gaps in research and clinical work, by conduct-
ing a randomized controlled trial of MBSR for SLE patients. The aims of this study were
to evaluate the effects of MBSR on various psychological (i.e., “Type 2” symptoms) and
physical outcomes, including reported SLE symptoms, health related quality of life, major
depression and psychological inflexibility in pain, as well as SLE-related shame and illness
perception. Due to the wide heterogeneity of SLE symptoms, we will also specifically
assess weather changes in specific SLE symptoms following MBSR were associated with
changes in psychological measures, in order to understand weather physical and mental
health processes work together or separately in SLE psychotherapy. For this study, a unique
MBSR protocol was constructed, to meet the specific needs of SLE patients. The study
employs a mixed-methods approach, which has never been employed in SLE mindfulness
research.

2. Materials and Methods

2.1. Participants and Procedure

SLE patients (Mean age = 41.62, SD = 11.78, Range: 22–64) were recruited from two
major sources: 1. The Center for Autoimmune Diseases at the Sheba Medical Center in
Israel. 2. Ads posted on social media (online groups and forums of SLE patients), as well
as sent to organizations supporting SLE patients. A total of 85 individuals showed initial
interest in the study. The first phone call presented patients with information about the
intervention, and also included an initial screening-out of 26 participants, due to lack of
interest after hearing about the intervention, inability to participate due to the place or
time of the intervention, and lack of formal SLE diagnosis. The remaining 59 patients
underwent in-depth telephone clinical interviews. Criteria for study inclusion were: (1) A
recent documented clinical diagnosis of SLE given by an expert rheumatologist and/or
clinical immunologist and verified via an interview with a lupus specialist from the study
team. (2) Age 18 years or older (3) Hebrew speakers (4) Physical ability to attend MBSR
sessions (5) Psychological ability to practice mindfulness (no serious cognitive impair-
ments/psychosis/active suicidality/substance abuse) (6) No concurrent participation in
another clinical study. All SLE patients were diagnosed according to the American College of
Rheumatology (ACR) criteria, by a lupus specialist. Upon inclusion in the study SLE diagnosis
was re-confirmed via interviewing the patient and reviewing the medical chart for clinical and sero-
logical criteria of SLE. 26 patients met eligibility criteria. All participants provided informed
consent prior to their inclusion in the study. Patients were randomly assigned to either
an MBSR group (n = 15) or a wait-list control group (WL; n = 11). Patients randomized to
WL control group received no active treatment during their 10-weeks waiting period, at
the end of which they received MBSR. Patients from the WL who chose to participate in
the intervention after their waiting period (i.e., “delayed MBSR”; n = 5) were measured at
the end of the intervention and their data were analyzed together with the original MBSR
group (i.e., the “combined MBSR” group; n = 20).

The study received a Helsinki Committee approval by the ethics committee at Sheba
Medical Center (No. 3296-16-SMC).

A detailed description of study procedures can be found in Figure 1 (PRISMA chart).
Table 1 presents the background characteristics of participants according to assignment

group. Due to the wide heterogeneity of symptom type and severity in SLE, we also
show levels of all SLE symptoms that are included in the SLAQ (Systemic Lupus Activity
Questionnaire) at baseline, in Table 2.

148



J. Clin. Med. 2021, 10, 4450

Figure 1. PRISMA flow- chart for screening and allocation process.

Table 1. Baseline characteristics according to group.

Characteristic
MBSR Group

n = 15
Wait-List Controls

n = 11

Gender Male (n = 1, 6.67%)
Female (n = 14, 93.33%)

Male (n =2, 18.18%)
Female (n = 9, 81.82%)

Age
(in years, mean, SD) 43.93 (11.78) 38.45 (10.56)

Duration of disease
(in years, mean (SD) 11.00 (10.06) 11.73 (8.73)

Disease activity during the past month 4.40 (2.47) 3.91 (2.63)

Hospitalized due to SLE complications 64% (n = 9) 81% (n = 9)

Treated by rheumatologist 100% 100%

Pharmacological treatment 100% 100%

Family status-%

Married/ In a relationship 10 (66.67%) 7(63.63%)

Single/Divorced 5 (33.33%) 4 (36.36%)

Education level-%

12th grade or less 4 (26.66%) 3 (27.27%)

Currently student/Academic degree 11 (73.33%) 8 (72.72%)

Income

Under average 3 (21.43%) 4 (36.36%)

Average and above 11 (78.57%) 7 (63.64%)
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Table 2. Baseline SLE Symptoms according to the SLAQ (on a Likert scale of 0 (no problem) to 3
(Severe).

SLE Symptom
Baseline Severity Level of Symptom

Mean (SD)

Flares 1.27 (0.83)

Lost weight 0.73 (1.08)

Fatigue 1.69 (1.23)

Fevers (>101 ◦F, 38.5 ◦C) taken by a thermometer 0.38 (0.64)

Sores in mouth or nose 0.73 (1.00)

Rash on cheeks (butterfly shaped) 0.73 (0.78)

Other rash 0.85 (0.97)

Dark blue or purple spots on the skin 0.96 (0.96)

Rash or feeling sick after sun exposure 1.04 (1.00)

Bald patches on scalp, or clumps of hair on pillow 0.81 (0.94)

Swollen glands (nodes) in the neck 0.58 (0.81)

Shortness of breath 0.69 (0.84)

Chest pain with a deep breath 0.92 (0.93)

Fingers or toes turning dead white or very pale in the
cold (Raynaud’s) 1.12 (1.11)

Stomach or belly pain 0.92 (0.98)

Persistent numbness or tingling in arms or legs 1.23 (1.03)

Seizures 0.65 (0.85)

Stroke 0.50 (0.86)

Forgetfulness 1.35 (1.02)

Feeling depressed 1.38 (1.10)

Unusual headaches 1.00 (0.89)

Muscle pain 1.35 (1.26)

Muscle weakness 1.19 (1.10)

Pain or stiffness in joints 1.23 (1.27)

Swelling in joints 0.53 (0.76)

2.2. Randomization and Measurement

Patients were randomized using the SPSS 23.0 statistical software package randomiza-
tion algorithm. Patients in the WL were blind to the fact that they were allocated to the
control group, as they were told that they were waiting for the next group opening. The
therapists who conducted the treatment were blind to pre- and post-treatment evaluation
data. Following randomization, paired-sample t-tests and Chi-square/Fisher tests were
performed comparing between the WL and MBSR groups. No significant differences
were found in terms of background characteristics or in any of the outcome measures.
Finally, patients were asked about medical monitoring and treatment. All patients reported
undergoing medical monitoring by a primary care physician or a rheumatologist and
22 patients were treated with Hydroxychloroquine; thirteen of these were from the MBSR
group (86.67%) and nine were from the WL group (81.82%).

We collected data at three different stages: at baseline (before the first treatment
session), at the end of the intervention (immediately after the final treatment session) and a
follow-up assessment six months after treatment. The follow up assessment was conducted
for the MBSR group only. Additionally, a sub sample of 12 patients took part in an in-depth
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qualitative interview, examining patients’ subjective experience of the intervention (see
more details below).

We employed an (ITT) approach for our analysis, i.e., all randomized participants were
contacted post-treatment to fill out questionnaires, regardless of whether they attended
the entire therapy or dropped out. This was meant to provide a complete, reliable, and
externally valid picture of our patient population.

2.3. Course Attendance

Patients showed relatively high attendance rates, with only one participant requesting
to discontinue therapy. On average, patients in the MBSR group (n = 15) attended eight and
a half out of eleven sessions. Six participants (40%) attended ten sessions, five participants
(33.3%) attended nine sessions, three participants (20.1%) attended between five to eight
sessions, and one participant (6.7%) attended three sessions and dropped out of treatment.

2.4. An Adapted MBSR Protocol for SLE

In order to create an adapted treatment protocol, more suited to the unique characteris-
tics and difficulties of SLE patients, we used the standard MBSR 8-week format (University
of Massachusetts, 1979) as the basis of the intervention, and then added modifications. The
standard MBSR protocol was adapted in several ways:

1. The intervention was extended into a 10-week program with 11 sessions, which
included shortened 2-h weekly sessions, due to potential physical difficulties for SLE
patients, such as prolonged sitting. This extension enabled a significant expansion of the
psycho-education section at the beginning of the intervention, where explanations about
mindfulness, stress, and SLE were presented. The full-day retreat was also shortened into
a 3-h session that took place after the eighth week.

2. The protocol included shorter, more carefully paced exercises, which gradually
progressed from “easy” to “hard”. This was intended to facilitate SLE patients’ encounter
with their body and physical sensations. An emphasis was placed on the concept of
“pacing”, where patients were encouraged to strategize how much energy to exert according
to which activities were planned for the day; “pacing” would prevent patients from being
overly active when energy is available and feeling depleted by the end.

3. Therapists were instructed to pay special attention to SLE-related themes (e.g., pain
and fatigue) throughout the sessions and practice, and to translate the general components
of generic MBSR intervention into specific components relevant to SLE patients. For
example, the issue of automatic thinking in the generic protocol would be translated into
specific discourse about automatic pain-related thoughts and pain catastrophizing.

4. Therapists were instructed to specifically target maladaptive avoidance behaviors.
Such behaviors are common among SLE patients, aimed to reduce physical efforts and
movement and to prevent further diseases or infections.

5. Compassion, which is a vital component of MBSR, was emphasized to encourage a
more flexible and accepting mindset towards the disease and the self. Further emphasis was
placed in the protocol on decentering, which reflects the ability to observe one’s thoughts
and feelings as transient, somewhat external mental states, as opposed to reflections of the
self that are necessarily “true” and stable.

The amended protocol was carefully based on the standard components of the MBSR
program, which were all included in the intervention (e.g., body scan, focus on breathing,
mindfulness in daily life—see above). Home practice assignments included audio recorded
mindfulness exercises (e.g., body scan, sitting mindfulness exercises, breathing exercises)
in the therapist’s own voice. Daily home practice ranged from 5–30 min in duration, and
patients were encouraged to exercise as much as possible.

The intervention was led by a licensed clinical psychologist who is an experienced
MBSR teacher. Before commencing the complete RCT reported here, the study team held
one pilot group which supported the feasibility of MBSR among SLE patients [11].
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2.5. Measures

The systemic Lupus Activity Questionnaire (SLAQ) [26] is a 24-item questionnaire
with a scoring range of 0–44. It also includes a single item (0–10) rating scale for SLE
activity, and a rating scale for SLE flares (from no flare to severe flare). In the current study,
SLAQ demonstrated excellent internal consistency, with a Cronbach’s alpha of 0.90.

The World Health Organization Quality of Life Questionnaire-Brief Version (WHOQOL-
BREF) [27] was developed based on the original 100-item WHQOL questionnaire. It
is a 26-item scale, with each item rated on a scale from 1 to 5. It covers four Quality of Life
domains: physical, psychological, social, and environmental, additional to a global Quality
of Life item. Cronbach’s alpha was very high, at 0.94.

The Patient Health Questionnaire-9 (PHQ-9) [28] is a commonly used self-reporting
measure for symptoms of major depressive disorder. The scale scores each of the nine
DSM-5 depression criteria from “0” (not at all) to “3” (nearly every day). It can yield either
a continuous score, or a probable major depressive disorder diagnosis using a cut-off of 10.
Cronbach’s alpha of the PHQ-9 in this study was very good, at 0.87.

Psychological Inflexibility in Pain Scale (PIPS) [29] is a 12-item measure based on a
Likert scale of 1 to 7 per item, developed to assess psychological inflexibility towards pain
(i.e., one’s ability or inability to manage pain in a flexible manner, not avoiding it altogether
while at the same time not being “flooded” by it). The subscales measure avoidance (eight
items) and cognitive fusion (four items). The total score ranges from 12 to 84. PIPS showed
high reliability with Cronbach’s alpha of 0.91.

In order to measure SLE-related shame and identity, two single items assessed the de-
gree to which the patient felt: (1) shame regarding her/his SLE; and (2) the degree to which
SLE affects one’s personal identity. Both questions were assessed using a Visual Analog
Scale (VAS), rated between 0 (minimum) to 100 (maximum), in order to allow for a wide
spectrum of responses regarding these issues. The VAS has been used in numerous studies
and randomized control trials in order to assess various emotional and physical symptoms
among individuals suffering from chronic illnesses [30,31].

2.6. Qualitative Interviews

Out of the 26 participants, a sub-sample of 12 patients underwent a semi-structured
qualitative interview regarding their subjective experience in therapy, at post treatment
(60% of patients from the MBSR group; n = 9; 60% of patients from the delayed MBSR group;
n = 3). The interviews were conducted on average 15 days following treatment (SD = 3.97).
The average duration of the interviews was 48.25 min (SD = 4.76; range 44–55 min). The
interviews were meant to explore participants’ subjective experiences, in their own words,
in order to acquire a deeper understanding of changes in the psychological and physical
aspects. The interviews were semi-structured, leaving room for both guideline-based
questions as well as a more explorative approach. They started with an open question (e.g.,
“What comes to mind when you think about the 10-week mindfulness program?”) and then
focused on the group (e.g., “How did you feel among the group?”), the experience with the
instructor, intervention content (“how did you experience the exercises in the sessions?”)
and potential difficulties with the exercises. The next part of the interview focused on the
disease and the extent towhich the intervention was relevant to its physical aspects (e.g.,
“Do you feel changes in your coping with SLE?”), and psychological aspects (e.g., “What
changes, if any, have you noticed in your mental and psychological state since joining the
intervention?”).

Analysis was based on Renner and Taylor-Powell’s [32] systemic approach for analyz-
ing qualitative data, which requires categorizing the themes which emerge from the text
into primary themes and sub-themes, as well as classifying the themes according to their
frequency, allowing for a better understanding of not only which of the themes emerge,
but also how often they do so.
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In order to attain interrater reliability, two independent raters analyzed three random
transcripts of interviews, categorizing the texts into main themes. Cohen’s Kappa was
0.830, which indicated excellent inter-rater agreement [33].

3. Results

We will report here three types of results: (1) differences the MBSR and WL groups in
changes over time (on the various outcome measures). (2) the long-term effects of MBSR, as
seen in the follow-up measurement of the treatment group and (3) within-group effects in
the larger MBSR group, which includes both the MBSR and delayed MBSR (e.g., post-WL)
group.

3.1. Pre- to Post-Treatment Differences between the MBSR and WL Groups

In order to examine changes in outcome measures among MBSR participants com-
pared to WL controls, we conducted a series of repeated measures multivariate analysis of
covariance (MANCOVA) for Group X Time interactions, adjusting for age as a covariate
(due to its important role in SLE, as well as due to the wide age range in our sample). For
the sake of brevity, we report here only measures where at least some significant effects
were found.

For SLE-related Shame and Illness Identity, the repeated measures MANCOVA yielded
a significant effect for Time (F(1, 22) = 5.72, p < 0.01), a non-significant effect for Group
(F(1, 22) = 2.85, n.s), and a significant Group X Time interaction (F(1, 22) = 3.80, p < 0.05).
Subsequent univariate analysis for Shame yielded a significant interaction for Group X
Time, while that for Illness Identity was marginally significant. The multivariate analysis
for Quality of Life showed a significant effect for Time (F(1, 24) = 2.77, p < 0.05), but not for
Group (F(1, 24) = 0.83, n.s) or for the Group X Time interaction (F(1, 24) = 3.10, n.s). However,
due to our small sample size, as well as to the clear directionality of our hypotheses
(MBSR > WL), we went on to examine the univariate interaction effects. In the subsequent
univariate analysis of variance for Quality of Life, a significant interaction was found for
the General subscale and for the Environmental subscale. Repeated measures univariate
effect for the Physical Quality of Life subscale was marginally significant. Univariate tests
for the other subscales did not reach significance. For Psychological Inflexibility in Pain,
the MANCOVA was non-significant for Group X Time interaction (F(1, 24) = 2.39, n.s) and
for Time (F(1, 24) = 2.17, n.s). The MANCOVA for Group was significant (F(1, 24) = 3.68,
p < 0.05). As above, we went on to examine univariate interactions, where a significant
effect was detected for the Fusion with Pain subscale. Univariate tests for Avoidance of
Pain did not reach significance. Table 3 presents univariate effects and descriptive statistics
for between-group comparisons, as well as for MBSR follow-up (discussed later).

Next, we conducted subsequent pairwise comparisons for all significant Group X
Time effects, in order to establish the source of the interaction. Comparison of the MBSR
versus WL groups in Physical QOL, Shame and Fusion, revealed significant improvements
in the MBSR group (Physical Quality of Life: i − j = 1.35, SE = 0.55, p = 0.02; Shame:
i − j = −17.32, SE = 5.53, p = 0.005; Fusion: i − j = −3.48, SE = 1.189, p = 0.008), and no
significant change among WL controls group (Physical Quality of Life: i − j = −0.33,
SE = 0.64, p = 0.61, Shame: i − j = 5.9, SE = 6.49, p = 0.37; Fusion: i − j = 0.38, SE = 1.4,
p = 0.79). General and Environmental QOL showed non-significant improvements in
the MBSR group (General QOL: i − j = 0.79, SE = 0.62, p = 0.22; Environmental QOL:
i − j = 0.65, SE = 0.41, p = 0.13) and non-significant worsening in the WL group (General
QOL: i − j = −1.25, SE = 0.72, p = 0.1; Environmental QOL: i − j = −0.75, SE = 0.48, p = 0.13).
Thus, the interaction seemed to have stemmed from the general difference in trend in both
groups (improvements/worsening). Figure 2 presents effects of all significant interactions.

153



J.
C

lin
.M

ed
.2

0
2
1
,1

0,
44

50

T
a

b
le

3
.

M
BS

R
vs

.W
L

an
d

M
BS

R
fo

llo
w

-u
p

ef
fe

ct
s

an
d

de
sc

ri
pt

iv
e

st
at

is
ti

cs
.

O
u

tc
o

m
e

S
ca

le

M
B

S
R

(n
=

1
5

)
W

L
(n

=
1

1
)

T
re

a
tm

e
n

t
E

ff
e

ct
s

6
-M

o
n

th
F

o
ll

o
w

-U
p

(M
B

S
R

A
lo

n
e

)

P
re

P
o

st
6

-M
o

n
th

F
o

ll
o

w
-U

p
P

re
P

o
st

F
T

im
e

F
G

ro
u

p
F

U
n

iv
a

ri
a

te
T

im
e

X
G

ro
u

p
T

im
e

X
G

ro
u

p
C

o
h

e
n

’s
d

F
M

e
a

n

(S
D

)

H
e

a
lt

h
-R

e
la

te
d

Q
u

a
li

ty
o

f
li

fe

G
en

er
al

12
.9

3
(2

.6
0)

13
.4

7
(2

.5
6)

12
.7

1
(2

.0
2)

11
.8

2
(2

.8
9)

10
.9

(3
.1

4)
5.

96
*

3.
91

4.
49

*
0.

52
0.

62

En
vi

ro
nm

en
ta

l
15

.2
0

(2
.4

6)
15

.8
0

(1
.9

8)
15

.3
9

(2
.4

0)
15

.0
9

(2
.6

9)
14

.4
1

(3
.0

5)
0.

46
0.

73
4.

75
*

0.
49

0.
27

Ph
ys

ic
al

14
.1

3
(3

.3
1)

12
.9

5
(2

.8
2)

13
.2

2
(3

.0
0)

11
.5

8
(4

.2
2)

11
.4

8
(3

.7
7)

5.
11

*
2.

16
3.

90
~

(p
=

0.
06

)
−0

.2
8

0.
40

So
ci

al
13

.5
1

(3
.0

1)
13

.3
3

(1
3.

15
)

13
.7

1
(3

.1
6)

12
.2

4
(4

.0
8)

12
.9

7
(3

.3
2)

0.
05

0.
17

0.
96

−0
.2

5
0.

84

Ps
yc

ho
lo

gi
ca

l
14

.7
6

(3
.1

6)
15

.1
1

(2
.7

4)
14

.3
8

(2
.9

2)
13

.0
9

(3
.5

4)
12

.6
7

(3
.3

3)
0.

01
2.

36
1.

25
0.

22
0.

38

P
sy

ch
o

lo
g

ic
a

l
In

fl
e

x
ib

il
it

y
in

P
a

in

Fu
si

on
w

it
h

pa
in

29
.7

3
(4

.9
2)

26
.4

7
(5

.9
7)

27
.3

6
(6

.9
6)

31
.8

2
(5

.7
9)

31
.9

1
(3

.7
5)

2.
73

2.
53

4.
32

*
−0

.6
1

7.
69

*

A
vo

id
an

ce
of

pa
in

31
.3

1
(1

1.
98

)
29

.2
7

(6
.9

2)
30

.1
4

(7
.4

0)
44

.3
6

(1
4.

75
)

43
.7

3
(1

4.
4)

1.
40

7.
38

*
0.

39
−0

.1
0

0.
91

S
L

E
-r

e
la

te
d

S
h

a
m

e
a

n
d

Il
ln

e
ss

Id
e

n
ti

ty

Sh
am

e
28

.0
0

(3
3.

42
)

11
.6

7
(1

6.
00

)
17

.8
6

(2
4.

86
)

45
.4

5
(3

5.
88

)
50

.0
0

(3
7.

41
)

2.
04

5.
20

*
6.

78
*

−0
.5

9
4.

99
*

Il
ln

es
s

id
en

ti
ty

33
.3

3
(2

5.
82

)
18

.3
3

(1
9.

24
)

28
.5

7
(2

4.
45

)
56

.0
0

(3
3.

73
)

50
.0

0
(3

3.
66

)
11

.8
3

**
5.

05
*

3.
36

~
(p

=
0.

08
)

−0
.3

0
7.

41
*

*
p

<
0.

05
;*

*
p

<
0.

01
;~

m
ar

gi
na

lly
si

gn
ifi

ca
nt

.

154



J. Clin. Med. 2021, 10, 4450

Figure 2. Pre- Intervention to Post-Intervention Differences between the MBSR and WL. Note: Pre-intervention (1); post-
intervention (2). (a) Changes in cognitive Fusion among MBSR group and WL; (b) Changes in SLE-related Shame among
MBSR group and WL; (c) Changes in General Quality of Life among MBSR group and WL; (d) Changes in Environmental
Quality of Life among MBSR group and WL.

3.2. Long-Term Effectiveness of MBSR

To assess the long-term effect of MBSR intervention, we conducted univariate and
multivariate analysis for follow up assessment six months after the last MBSR session. We
base this analysis on the original MBSR group alone (n = 15), as this group was the only
one with three assessments. We generally expected that the contrasts between pre- and
post-treatment would be significant, while those between post-treatment and the 6-month
follow-up will be non-significant, showing a stability of identified treatment effects over
time.

A repeated measures within-group multivariate analysis of variance was conducted,
with three time points-pre-MBSR, post-MBSR and six months follow-up. The within-
group MANOVA for SLE-related Shame and Illness Identity was significant (F(2, 13) = 3.99,
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p < 0.05), while the MANOVA for Psychological Inflexibility in Pain was marginally sig-
nificant (F(2, 13) = 3.12, p = 0.066). Subsequently, univariate effects were calculated for all
variables, in order to detect the source of the effect (see Table 3).

As can be seen in Table 3, univariate analysis was significant for SLE-related Shame
and Illness Identity. Subsequent contrasts for Shame showed a significant effect between
pre- and post- intervention assessments (p < 0.05, Cohen’s d = 0.64) and a non-significant
effect between post-intervention and follow-up (p = 0.13), indicating effect stability. Ill-
ness Identity showed a significant effect between pre- and post-intervention assessments
(p < 0.01, Cohen’s d = 0.83), and a significant increase again between post- intervention and
follow- up (p < 0.01), showing that the benefit of MBSR was relatively short-lived.

Next, a univariate significant effect was found for the Fusion with Pain subscale. There
was no significant effect for Avoidance of Pain. For Fusion, a significant improvement was
found between pre- and post-intervention assessments (p < 0.01, Cohen’s = 0.98), while
a non-significant effect was found between post-intervention and follow-up (p = 0.83),
indicating effect stability. Figure 3 presents the follow-up effects of Fusion with Pain and
SLE-related Shame.

(a) (b) 

Figure 3. Long- Term effects of SLE- related Shame and Cognitive Fusion with Pain. Note: Measurements at pre- intervention
(1); post-intervention (2); 6-month follow-up (3). (a) Follow- up effect of SLE- related shame among MBSR group; (b)
Follow-up effect of Fusion with pain among MBSR group.

Finally, we set out to examine changes in Depression rates across time. We calculated
the rates of participants who met the PHQ-9 cutoff (sum > 10) for a probable diagnosis of
major depressive disorder (MDD). As can be seen in Figure 4, the analysis showed that
in the original MBSR group, 40% of participants met the MDD cutoff before treatment,
followed by 33% post-treatment, and 28.5% at the 6-months follow-up. Thus, rates of MDD
declined consistently over time.
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1      2      3 

Figure 4. Rates (%) of Major Depressive Disorder in pre-, post- and follow-up assessments (MBSR
group). Note: Pre-intervention (1); post-intervention (2); 6-month follow- up (3).

3.3. Pre- to Post-Intervention Changes within the Combined MBSR Group (n = 20)

In subsequent analysis, we included all participants who underwent MBSR, combining
the original MBSR group with the “delayed MBSR” group (i.e., WL participants who
subsequently went on to complete MBSR, and were measured pre- and post-treatment).
This enabled a closer examination of all those undergoing MBSR, relaying on a larger
sample (n = 20) to identify treatment effects.

First, repeated-measures analysis of variance for SLE symptoms (based on the SLAQ
measure) showed a significant treatment effect. Next, a repeated measures multivariate
analysis of variance showed a significant main effect for psychological inflexibility in pain
(F = 9.36, p < 0.01), as well as for SLE-related Shame and Illness Identity (F = 5.10, p < 0.05).
Subsequently, in order to examine what were the specific components that contributed to
the observed changes, a univariate analysis was conducted, yielding significant treatment
effects for the Fusion with Pain subscale, but not for Avoidance of Pain. Univariate analysis
also showed a significant effect for SLE-related Shame and Illness Identity.

Table 4 presents main effects for the MBSR combined group (only measures with at
least one significant effect are presented).

Table 4. Pre- to post-intervention changes in the combined MBSR group.

Combined MBSR (n = 20)
F Cohen’s d

Pre Post

SLE symptoms SLE (SLAQ)
26.05 20.35

5.32 * 0.52(16.5) (10.64)

SLE-related Shame
and Illness Identity

Shame
35.91 27.5

4.79 * 0.33(36.6) (34.56)

Illness Identity 43.64 32.05
10.73 ** 0.57(30.79) (31.12)

Psychological
Inflexibility in Pain

Fusion
29.9 26.55

18.18 *** 0.95(4.48) (5.8)

Avoidance
33.75 32.4

0.63 0.17(13.8) (11.07)
Note: * p < 0.05; ** p < 0.01; *** p < 0.001.
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In order to examine more thoroughly the relationships between the change in SLE
symptoms and the change in psychological outcomes following MBSR, we also calculated
Pearson correlations between each SLE symptom (according to the SLAQ questionnaire)
and psychological changes (e.g., Shame, Quality of Life, pain cognitions), by calculating
the score at the end of the intervention minus the score at the beginning of the intervention
for each measure. A correlation was then calculated between each difference score.

The change in SLE-related Shame was related to the changes in fever (r = 0.70, p < 0.01),
presence of dark, blue or purple spots on the skin (r = 0.65, p < 0.01), rash or feeling sick
after sun exposure (r = 0.48, p < 0.05), bald patches on scalp, or clumps of hair on pillow
(r = 0.57, p < 0.01), swollen glands in the neck (r = 0.48, p < 0.05), shortness of breath
(r = 0.62, p < 0.01) and forgetfulness (r = 0.52, p < 0.05). The change in General Quality
of Life was related to the change in forgetfulness (r = −0.44, p < 0.05). The change in
Psychological Inflexibility in Pain was related to the changes in fatigue (r = 0.49, p < 0.05),
headaches (r = 0.51, p < 0.05) and muscle pain (r = 0.49, p < 0.05). The change in Pain
Avoidance was related to the change in bald patches on scalp, or clumps of hair on pillow
(r = 0.54, p < 0.05), muscle pain (r = 0.50, p < 0.05), and muscle weakness (r = 0.45, p < 0.05).

3.4. Qualitative Analysis of In-Depth Interviews

As noted above, 12 qualitative interviews were analyzed to identify the major recur-
ring themes related to participants’ experience during and following MBSR. Analysis of
participants’ transcripts generated five primary themes: (1) changes related to mindfulness;
(2) stress reduction; (3) improvement in general physical functioning; (4) changes in illness
identity and illness perception; and (5) the group as a mechanism of psychological change.

Changes related to mindfulness

Throughout the 12 analyzed interviews, participants commonly referred to changes re-
lated to their ability to be mindful. Mindfulness is a multi-faceted concept, and accordingly,
we have identified several sub-themes in the interviews:

(a) Non-reactivity to inner experiences: Ten out of twelve participants referred to their
in-creased ability, following MBSR, to be less reactive or impulsive in the face of
distress. As one participant noted: “ . . . I am very impulsive . . . and it became worse for
me . . . I feel like this workshop has helped me. I don’t really count ‘til ten, but it did somewhat
help me to delay my response and really choose it before I react one way or the other”.

(b) Observing one’s negative feelings and physical sensations: 7 of 12 participants have
referred to their increased ability to focus their attention on what they feel or expe-
rience in a given moment, thus being able to better understand and regulate their
physical and psychological experiences. The following quote exemplifies this notion:
”(during meditation) I can sit for 20 min, even 30 min, and I don’t think about when it’s going
to end . . . I go back to feeling my breath or my sensations, and then I can remain there with a
good feeling. I feel I can actually benefit from that time”.

(c) Non-judgement towards one’s negative emotions or physical sensations: six of twelve
participants referred to the fact that MBSR helped them feel less self-critical towards
themselves as SLE patients, as well as allowing them to feel more self-compassionate
about their symptoms and distress. This participant described what is happening to
her during SLE flares: “I’ve learned how to say ‘OK, so today I wasn’t able to do this or
that-I am not going to give myself a hard time about it. If it doesn’t work, so it doesn’t work,
it’s all good. It gives me some kind of . . . ease”.

Stress reduction

A highly prominent theme, which emerged from nine of the interviews, concerned the
changes participants experienced in terms of their stress-related cognitions and reactions.
Participants reported a reduction in stress following the intervention, stemming from
the exercises they learned, as well as from their ability to be more mindful about their
physical and emotional sensations. For example, one participant noted: “When I feel my heart
pounding, I listen to my pulse and it’s simply calming it down. I can feel the pressure dropping,
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the lungs expanding, and I can breathe deeper”. The improved mental skills mentioned
in the interviews included participants’ ability to distance themselves from distressing
experiences, and leave stressful thoughts aside, while placing distressing events within a
more acceptable, manageable, and less catastrophic perspective.

Improvement in general physical functioning

In line with what was found in the quantitative section of this paper, interviews
also showed an improvement in physical functioning in everyday life. Five participants
described having formed a new and adaptive attitude towards their body, which enabled
them to function more freely and to feel less limited by their symptoms. In the words of
one participant: “When I have to brace myself and go to work, I listen to the body scan exercise
and it helps me to physically pick up my body”. In another instance, a participant noted: “My
body told me what it needed . . . There was a connection between what I was going through and
what my body was going through”.

Changes in Illness identity and perception

In line with our quantitative findings, six out of twelve interviewees reported a
positive change in their identity as SLE patients following the intervention. Participants
described how they developed a healthier and less stigmatic attitude towards their illness,
and its accompanying symptoms. Participants also mentioned how the intervention has
helped them to be less defined by their SLE, for example: “I want to hope that my Lupus
would stay calm, but if it will decide to flare, it would be a bit easier to accept the episode . . . but I
don’t let it define me”.

The group as a mechanism of psychological change

Another theme strongly emerging from the interviews concerned the therapy group
and its positive effect on the individual. Six participants stated that the intervention set
up a unique opportunity to meet other SLE patients who were suffering from similar
physical and psychological symptoms: “It felt good to be part of this ‘togetherness’. I met other
strong women that have been coping with life and death for many years, and still continue to live
their lives... they are mothers that gave birth with Lupus, and this gave me a lot of strength, and
maybe even hope”. The group was portrayed by participants as very important in terms
of solidarity. Group members mirrored to each other their ability to cope with SLE, thus
creating a strong reciprocal support system for participants.

4. Discussion

We conducted a randomized controlled trial to examine the effects of MBSR group
therapy for SLE, employing both self-reporting measures and qualitative in-depth inter-
views. For this study, we developed an adapted MBSR protocol, specifically suited to meet
the needs and symptoms of SLE patients. The results showed the positive effects of MBSR
on SLE self-reported symptoms, Quality of Life, Depression, SLE-related Shame and Illness
Identity, and Psychological Inflexibility in Pain. Importantly, some effects remained stable
over a 6-month follow-up period.

Surprisingly, mindfulness-based interventions have been very rarely studied in the con-
text of SLE, despite a growing body of evidence showing their effectiveness on rheumatic [34],
autoimmune [35] and pain [36] conditions. In addition, to the best of our knowledge, ours
is the first mixed-methods RCT of MBSR, as well as the only MBSR study of SLE to include
a variety of psychological and SLE-related measures. The effectiveness of MBSR shown
here may be attributed to several factors. Firstly, many studies have indicated the major
role of mind-body connections in SLE. This is perhaps most apparent in the strong asso-
ciations between psychological stress and SLE disease activity [4]. Thus, an intervention
with proven efficacy in reducing stress could be expected to alleviate the distress of SLE
patients. Secondly, and perhaps more importantly, MBSR inherently targets various aspects
which have been shown to be at the heart of SLE-related distress, including impaired
emotion regulation, negative mood, and difficulties in identifying and acknowledging
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various feelings and emotions (i.e., alexithymia; [37]). Finally, some of the core symptoms
of SLE, most notably pain and chronic physical discomfort, have been shown to improve
via MBSR in previous studies [38].

Furthermore, our findings reveal the unique role MBSR may have in alleviating
feelings of shame and negative illness perception among individuals with SLE. These
treatment effects were found in both quantitative and qualitative analysis conducted in
this study. Shame is a common emotional feature of SLE. It may stem from both direct
physical symptoms (e.g., facial rashes, alopecia, weight gain) as well as from the broader
experience of living with a chronic disease that undermines daily functioning and affects
femininity [39,40]. The decline in SLE-related shame remained stable at the 6-month
follow-up assessment, thus pointing to the unique potential of MBSR in this area. As
for the perception of illness, studies have shown that SLE, being a systemic, chronic
condition, often exerts a massive influence on patients’ lives, and may be experienced
as a major focal point in their identity. Schattner and colleagues [41] has showed that
SLE patients may perceive their illness as all-encompassing and extremely powerful, “ . . .
threatening the ties between body, mind, everyday life, and relationships”. MBSR’s strong
emphasis on cultivating a non-judgmental stance, as well as its proved ability to promote
self-compassion [42], may thus greatly contribute to SLE patients’ well-being. However,
we should note that while illness identity did improve between pre- and post-treatment
assessments, this improvement did not seem to last when measured again at six months
post-treatment. This may indicate that some aspects of SLE-related distress may require
more long-term psychotherapeutic work and maintenance. One’s perception of his/her
identity as a person coping with a chronic illness is often multi-layered and complex.
Further studies are needed to assess whether mindfulness-based therapy can serve as an
add-on component used to augment other forms of interventions (e.g., cognitive-behavioral,
psychodynamic) for SLE.

Another specific effect worth noting is related to pain cognitions. Pain is a highly
distressing symptom for some SLE patients [43]. It is a complex sensation, involving both
objective, physiological aspects, and subjective, psychological ones. Importantly, these two
realms of pain were often found to affect each other, creating both positive and negative
feedback loops [44]. In our study, we have shown that MBSR may cultivate a more flexible
attitude towards physical pain among SLE patients. This was mostly found specifically
for fusion with pain (i.e., feeling that one’s pain is taking over one’s body, and even life),
which not only declined following treatment, but also showed stable gains after six months.
Due to pain’s far-reaching implications in terms of quality of life and daily functioning,
this effect on SLE patients is of unique importance.

Several other effects are noteworthy. Major depression levels (i.e., percentage of
those above/below clinical cutoff) showed a steady decline across the three assessments.
This improvement is important, given the well-established association between SLE and
negative mood [45]. Our qualitative analysis added two interesting effects. First, as would
be expected from MBSR, the intervention improved patients’ ability to be mindful on
several aspects. In general, they reported an increased ability to observe and regulate
emotions and sensations, while adopting a non-reactive and non-judgmental stance. These
results were in line with another theme stemming from the interviews, which indicated
decreased stress levels. Patients seemed to use MBSR to feel calmer, and to decrease
psychological tension.

Interestingly, the reduction shown in this study in SLE self-reported symptoms was
associated with an improvement in mental health outcomes (Quality of Life, SLE-related
shame and pain cognitions). We believe that this further supports the mind-body connec-
tion in SLE, which has already been established in both quantitative [46] and qualitative [47]
studies. Thus, when one’s physical symptoms improve, so too do aspects of psychological
distress, and vice versa. MBSR, being an inherently mind-body approach, targets both
physical and psychological aspects in parallel.

160



J. Clin. Med. 2021, 10, 4450

This study has several limitations, most notably a modest sample size, and a reliance
of self-reporting measures, which may be prone to memory or reporting bias. Thus,
our findings should be considered with the adequate level of caution, as they warrant
further research for support. Future studies are encouraged to employ larger samples,
objective measures of physical and psychological distress, and more assessment points.
Nonetheless, our findings have clinical and methodological importance. They point to
the unique potential of MBSR to alleviate the distress of SLE patients, using a group
intervention characterized by high cost-effective value (i.e., group setting, short time
period). Methodologically, we have shown here, for the first time ever, how qualitative
and quantitative methods could complement each other to assess SLE patients’ response to
MBSR. Finally, all of the effects discussed here should be examined in light of our attempt
to offer SLE patients an adapted, disease-specific MBSR protocol. In this era of personalized
medicine [48], there is a growing attempt to adapt psychotherapy protocols in general,
and MBSR protocols specifically [49], to the needs and characteristics of unique patient
populations. We hope that, with more research to follow the present study, this protocol
can be used in multiple settings to treat individuals with SLE.
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Abstract: Background: Lupus nephritis (LN) often lead to end-stage renal disease in systemic lupus
erythematosus patients. This study aimed to investigate the clinical application of renal gallium-67
scans for determining renal histological parameters in LN patients. Methods: Between 2006 and 2018,
237 biopsy-proven and 35 repeat biopsies LN patients who underwent renal gallium scans before or
after biopsy were included for analysis. The classification and scoring of LN were assessed according
to the International Society of Nephrology/Renal Pathology Society. A delayed 48-h gallium scan
was performed and interpreted by semiquantitative methods using left kidney/spine (K/S) ratio.
The renal histological results were compared with gallium uptake. Results: Out of 237 participants,
180 (76%) had proliferative LN. Baseline gallium left K/S ratio was significantly higher in class IV LN
as compared to class III (median (interquartile range, IQR): 1.16 (1.0–1.3), 0.95 (0.9–1.1), respectively,
p < 0.001). Furthermore, changes in gallium uptake between two biopsies were positively correlated
with changes activity index (r = 0.357, p = 0.035), endocapillary hypercellularity (r = 0.385, p = 0.032),
and neutrophils infiltration (r = 0.390, p = 0.030) in renal pathology. Conclusions: Renal gallium
uptake is associated with active inflammation in LN. Changes in renal gallium uptake positively
correlated with changes in activity index in renal pathology.

Keywords: systemic lupus erythematosus; lupus nephritis; glomerulonephritis; gallium scan; scintig-
raphy; renal biopsy

1. Introduction

Lupus nephritis (LN) occurs in approximately sixty percent of patients with systemic
lupus erythematosus (SLE) [1]. The goals for managing patients with lupus nephritis
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include early diagnosis and proper therapy, which may prevent irreversible renal dam-
age [2]. Therefore, a kidney biopsy should be performed in LN patients who develop
overt proteinuria or renal insufficiency, as it is essential in assessing disease activity and
guiding treatment [3,4]. The recommendation for monitoring LN includes urinalysis, in-
cluding urine protein/creatinine ratio, serum creatinine, complement 3 (C3), C4 levels, and
anti-DNA levels [5]. However, some patients with the quiescent disease may develop a
recurrent emergence of a new elevation in serum creatinine, and/or worsening proteinuria
despite treatment. In this event, a repeat biopsy may help assess the renal inflammatory
activity and chronic damage, which could help guide subsequent treatment. Renal biopsy is
an invasive diagnostic procedure, and bleeding complications were significantly higher in
patients with serum creatinine above 2 mg/dL (2.1 versus 0.4 percent) [6]. Therefore, detect-
ing active disease using a non-invasive tool may ensure the levels of immunosuppressants
aretailored to the disease activity.

Gallium-67 scintigraphy has been used for decades to evaluate interstitial nephritis [7,8].
After gallium injection, it may bind to lactoferrin in neutrophils, be taken up by lysosomes in
mono-nuclear phagocytes, bind directly to the lymphocyte membrane, and be transported
to sites of inflammatory glomeruli. Gallium-67 scintigraphy has also been described as a
helpful tool in evaluating LN activity [9,10], and can also be used to monitor LN due to
its relationship with disease activity, and its potential as a diagnostic alternative to renal
biopsy [9–11]. Previously, our group developed a semiquantitative method for gallium
renal imaging, which showed that the left kidney-to-spine ratio (K/S ratio) determined
using a semiquantitative method had a better correlation with renal biopsy results than
those obtained by visual grading [11]. However, no studies have evaluated the correlation
between changes in renal gallium uptake and the changes in renal pathology findings.

In this hospital-based study, we aimed to investigate the clinical value of the change
of renal gallium-67 scintigraphy uptake using the left K/S ratio for evaluating the change
of renal histological parameters in LN patients in LN patients with repeated biopsies.

2. Materials and Methods

2.1. Participants

Between January 2006 and December 2018, a hospital-based observational study was
conducted to retrospectively review 237 biopsy-proven LN patients, including 35 patients
who received repeat biopsies. All patients underwent single or repeated renal gallium scans
within a period of 30 days before or after the biopsy (with a median of 4 days with standard
deviation of 11.97). The classification and scoring of LN and details of renal histology
exams were recorded. A delayed 48-h gallium scan was performed and interpreted by
semiquantitative methods. The renal histological results were compared with gallium scan
parameters. This study was conducted in compliance with the Helsinki Declaration, and
approval by the Institutional Review Board of Taichung Veterans General Hospital was
obtained (CE18210B). As all data were de-identified before analysis, the requirement for
informed consent from the participants was waived.

2.2. Clinical Parameters

Clinical data included daily urine protein, serum creatinine, estimated glomerular
filtration rate (eGFR), anti-double strand DNA antibody (dsDNA Ab), C3, and C4 were
collected before renal biopsy. Daily urine protein was measured by spot urine protein and
creatinine ratio. Estimated GFR was calculated using the Modification of Diet in Renal
Disease equations [12]. Whether or not a second kidney biopsy was deemed necessary
depended on the treating clinician’s decision.

2.3. Renal Histology

All patients underwent percutaneous renal biopsy, which was performed by experi-
enced nephrologists under ultrasonic guidance. The classification and scoring of LN were
assessed according to the International Society of Nephrology/Renal Pathology Society [13].
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The activity index (AI) and chronicity index (CI) were calculated based on the system de-
vised by Austin and colleagues [14]. This renal pathology grading system (AI and CI)
has been widely used for several decades and has been recognized as a predictor of renal
outcomes [15,16]. In this system, AI is defined as the sum of the individual scores of 6 fea-
tures (glomerular cell proliferation, leukocyte exudation, fibrinoid necrosis/karyorrhexis,
cellular crescents, hyaline deposits, and interstitial inflammation) considered to represent
measures of active lupus nephritis. Chronicity index is defined as the sum of the individ-
ual scores of four features (glomerular sclerosis, fibrous crescents, tubular atrophy, and
interstitial fibrosis), which considered to represent measures of chronic irreversible lupus
nephritis. Each individual component is scored on a scale of 0 to 3+ (0, absent; 1+, mild; 2+,
moderate; 3+, severe). The maximum AI value is 18 points, and the maximum CI value
is 12 points. The World Health Organization classification, AI, and CI were determined
by two pathologists, who were blind to the results of clinical parameters and gallium
renal scans.

2.4. Gallium-67 Renal Scintigraphy

Gallium scintigraphy was performed within 30 days before or after the renal biopsy.
Forty-eight hours after the injection of 111 MBq (3 mCi) of 67Ga citrate, static posterior
abdominal scintigrams were obtained using a large-field-of-view camera with a medium-
energy, parallel-hole collimator (ECAM; Siemens, Munich, Germany). Three 20% windows
were set at 93,184 and 296 keV. Residual bowel activity is a potential source of error on the
gallium image, and thus bowel preparation was performed in all patients before imaging.
If the kidney image was overlapped by bowel activity at forty-eight hours, the seventy-two
hours after administration of the radiotracer images were used instead. The SPECT volume
session included the abdomen with an axial field of view of 40 cm, followed by a low dose
CT of the same correlative territory. SPECT images were obtained with a non-circular orbit
with step and shoot acquisition, obtaining 64 images of 50 s each in a 128 × 128 pixels
matrix. SPECT data were reconstructed using a three-dimensional iterative algorithm. CT
data information were used for attenuation correction and anatomical information. No
contrast medium was injected during the examination.

2.5. Semi-Quantitative Method of Gallium Renal Scintigraphy

For semi-quantitative analysis of gallium uptake in both kidneys, regions of interest
(ROIs) were drawn over both kidneys and the adjacent spine (Figure 1). To minimize
subjective bias, we set each ROIs of images by the following rules. First, the ROI of
kidneys should locate in the middle or inferior parts of visible renal parenchyma to avoid
interference of tracer-avid organs such as liver, spleen, and bowels. Second, the average
pixel size of renal ROI is 100. The ROI of spines should locate in the adjacent spines, which
are longer than one vertebral height to avoid single structural or degenerative deformities
and is no wider than a vertebral width to exclude the structure outside the vertebral
body. The average pixel size of spine ROI is 500. Third, two experienced technicians in
one workstation did all procedures. For each ROI, a value of mean counts per pixel was
obtained for data analysis. The uptake ratios between ROIs were calculated and expressed
as “kidney/spine ratio” (K/S ratio).

2.6. Patient and Public Involvement

We did not involve patients or the public in our work.
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Figure 1. Semiquantitative measurement calculated by kidney/spine ratio from 67Ga renal image
(posterior view) in a patient with lupus nephritis. ROIs on scintigraphy image: ROI 1: left kidney;
ROI 2: spine; ROI 3: Right kidney. ROI: region of interest.

2.7. Statistical Analysis

The demographic data of continuous parameters are shown as mean ± standard
deviation, and for categorical variables as the number of patients. Chi-Square test and
Kruskal-Wallis test were used to perform unadjusted comparisons among patients with
various classes of LN. Factors associated with renal gallium uptake were determined using
multivariable linear regression. Comparisons of variables of first vs. subsequent renal
biopsies were performed by Wilcoxon signed rank and McNemar test. Correlation between
changes of gallium uptake between two renal biopsies and clinical/histological variables
were performed by Spearman’s correlation. All data were analyzed using the Statistical
Package for the Social Sciences (SPSS), version 22.0. Significance was set at p < 0.05.

3. Results

3.1. Demographic Data of Enrolled LN Patients by Pathological Classification

A total of 237 participants (195 women, 88.6%) were included in the study. Demo-
graphic, clinical, histological features, and gallium left kidney/spine ratio (left K/S ratio)
are shown in Table 1. Out of 237 participants, 170 (72%) had proliferative LN (class III and
class IV). The activity index of class IV was significantly higher than class III and class V
(median (inter-quartile range, IQR): 8 (5.0–10.3), 3 (1.0–3.8), 0 (0–2), respectively, p < 0.001).
Gallium left K/S ratio was significantly higher in class IV LN as compared to class III (1.16
(1.0–1.3), and 0.95 (0.9–1.1), respectively, p < 0.001), but not class V.

Table 1. Basic demographic data of 237 lupus nephritis patients by histological classes.

Class I & II (n = 7) III (n = 36) IV (n = 134) V (n = 60) p Value

Age (years) 42.0 (33.0–43.0) 31.5 (25.3–40.0) 32.0 (25.0–41.0) 31.5 (26.0–39.5) 0.586
Female gender 7 (100.0%) 30 (83.3%) 108 (80.6%) 50 (83.3%) 0.606

Laboratory data
Daily urine protein

(gram) 0.7 (0.1–1.8) 1.9 (0.9–2.4) 3.7 (2.1–5.8) 2.3 (1.1–7.0) <0.001 **‡§||

Creatinine (mg/dL) 0.7 (0.5–0.8) 0.9 (0.6–1.2) 1.4 (0.9–2.9) 0.8 (0.7–1.1) <0.001 **‡||††

eGFR (mg/mL) 97.5 (91.0–139.2) 85.1 (63.5–118.4) 51.7 (22.1–79.9) 84.3 (60.7–117.1) <0.001 **‡||††

Anti-dsDNA (WHO
units/mL) 248.7 (166.5–477.0) 174.3 (71.2–353.0) 265.4 (125.5–464.1) 130.4 (35.6–277.6) <0.001 **††
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Table 1. Cont.

Class I & II (n = 7) III (n = 36) IV (n = 134) V (n = 60) p Value

C3 (mg/dL) 78.2 (71.3–90.5) 77.4 (64.5–94.0) 54.6 (39.4–66.7) 63.8 (46.5–89.9) <0.001 **||††

C4 (mg/dL) 15.1 (4.1–20.9) 14.2 (10.6–22.1) 10.2 (6.3–17.6) 11.7 (6.5–23.5) 0.045 *||

Renal pathology
Activity index 0 (0–1) 3 (1.0–3.8) 8 (5.0–10.3) 0 (0–2) <0.001 **‡||††

Cellular crescents 0 (0–0) 0 (0–0) 2 (0–2) 0 (0–0) <0.001 **‡||††

Fibrinoid necrosis/
Karyorrhexis 0 (0–0) 0 (0–2) 2 (0–2) 0 (0–0) <0.001 **‡††

Endocapillary
hypercellularity 0 (0–0) 1 (0–1) 2 (2–3) 0 (0–1) <0.001 **‡||††

Subendothelial hyaline
deposits 0 (0–0) 0 (0–0) 1 (0–2) 0 (0–0) <0.001 **‡||††

Leukocyte infiltration 0 (0–0) 0 (0–0) 1 (0–1) 0 (0–0) <0.001 **||††

Interstitial
inflammation 0 (0–1) 0 (0–1) 1 (0–2) 0 (0–1) <0.001 **||††

Chronicity Index 0 (0–1) 3 (0–3) 1 (0–4) 1 (0–2.8) 0.159
Glomerular sclerosis 0 (0–0) 1 (0–1) 1 (0–1) 0 (0–1) 0.011 *

Tubular atrophy 0 (0–0) 1 (0–1) 0 (0–1) 0 (0–1) 0.157
Interstitial fibrosis 0 (0–1) 1 (0–1) 0 (0–1) 0 (0–1) 0.656
Fibrous crescent 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0.155
Left K/S ratio 0.910 (0.8–1.2) 0.950 (0.9–1.1) 1.16 (1.0–1.3) 1.040 (1.0–1.2) <0.001 **||¶

Right K/S ratio 0.990 (0.9–1.4) 0.995 (0.9–1.2) 1.220 (1.1–1.4) 1.080 (1.0–1.2) <0.001 **||††

* p < 0.05, ** p < 0.01; Post hoc analysis. ‡ I/II vs. IV p < 0.05; § I/II vs. V, p < 0.05; || III vs. IV, p < 0.05; ¶ III vs. V, p <0.05; †† IV vs. V,
p < 0.05. eGFR: estimated glomerular filtration rate, anti-dsDNA: anti-double-stranded DNA antibody, C3: complement 3, C4: complement
4, SLEDAI: systemic lupus erythematosus disease activity index, K/S ratio: kidney-to-spine ratio.

3.2. Factors Associated with Renal Gallium Uptake

The univariate and multivariate linear regression analysis in Table 2 shows the factors
associated with left K/S ratio. Univariate linear regression demonstrated that daily urinary
protein, eGFR, activity index, cellular crescents, fibrinoid necrosis/karyorrhexis, endocapil-
lary hypercellularity, subendothelial hyaline deposits, leukocyte infiltration, and interstitial
inflammation were significantly associated with renal gallium uptake. In multivariate
analysis, daily urinary protein, activity index, endocapillary hypercellularity, and intersti-
tial inflammation independently correlated with gallium uptake left K/S ratio. Figure 2
illustrates that the higher degree of gallium uptake calculated by left K/S ratio, the greater
degree of activity index in renal histopathology.
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Figure 2. Renal gallium planar view (a,d,g,j) and SPECT/CT (b,e,h,k) images of four different LN patients from low to
high activity index scoring in renal histopathology (c,f,i,l). (a–c) A 34-year-old LN female patient with activity index 1
in pathology, left K/S ratio 0.92 in gallium planar image; (d,e) A 40-year-old LN female patient with activity score 5 in
pathology, left K/S ratio 1.06 in gallium planar image; (g–i) A 41-year-old LN female patient with activity score 10 in
pathology, left K/S ratio 1.21 in gallium planar image; (j–l) A 14-year-old LN female patient with activity score 15 in
pathology, left K/S ratio 1.72 in gallium planar image. This figure revealed that a trend of a higher degree of gallium uptake
calculated by left K/S ratio, the greater degree of activity index score and endocapillary hypercellularity (arrows) L: left side;
R: right side; SPECT/CT: single photon emission computed tomography; LN: lupus nephritis; K/S ratio: kidney/spine ratio.

3.3. Comparisons of Clinical Variables of LN Patients Receiving Repeat Renal Biopsies

Thirty-five patients received a second kidney biopsy and renal gallium scan (Table 3).
The mean scores of activity index, fibrinoid necrosis/karyorrhexis, and endocapillary
hypercellularity in the second biopsy were significantly decreased compared to the first
renal biopsy. The creatinine level, C4, mean scores of chronicity index, glomerular sclerosis,
tubular atrophy, and interstitial fibrosis in the second biopsy were significantly increased
compared to the first renal biopsy. The K/S ratio was non-significantly decreased.
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Table 3. Comparisons of clinical, pathological parameters and gallium uptake between two renal
biopsies in 35 SLE patients.

First Biopsy Second Biopsy p Value

Age (years) 26.0 (21.0–36.0) 30.0 (24.0–37.0) <0.001 **
Daily urine protein (gram) 3.8 (1.8–6.7) 3.9 (1.0–5.6) 0.600

Creatinine (mg/dL) 1.0 (0.8–1.7) 1.1 (0.8–2.7) 0.013 *
eGFR (mg/mL) 74.1 (38.3–95.3) 58.1 (22.5–96.4) 0.072

Anti-dsDNA (WHO
units/mL) 148.75 (95.8–409.1) 141.4 (37.0–364.7) 0.135

C3 (mg/dL) 56.9 (41.9–83.8) 70.4 (48.9–87.3) 0.109
C4 (mg/dL) 10.5 (5.7–13.5) 16.8 (6.2–22.3) 0.020 *

Lupus nephritis category 0.931
I & II 2 (5.7%) 2 (5.7%)

III 3 (8.6%) 3 (8.6%)
IV 22 (62.9%) 23 (65.7%)
V 8 (22.9%) 7 (20.0%)

Activity index 6.0 (1.0–9.0) 2.0 (0.3–6.8) 0.028 *
Cellular crescents 0 (0–2) 0 (0–0) 0.218

Fibrinoid necrosis/
Karyorrhexis 2.0 (0.0–2.0) 0 (0–0) 0.028 *

Endocapillary
hypercellularity 2 (0–3) 1 (0–3) 0.045 *

Subendothelial hyaline
deposits 0 (0–2) 0 (0–1) 0.301

Leukocyte infiltration 0 (0–1) 0 (0–1) 0.120
Interstitial inflammation 1.0 (0.0–1.0) 1.0 (0.0–1.0) 0.655

Chronicity Index 1 (0–2) 3.0 (1.0–7.0) <0.001 **
Glomerular sclerosis 0 (0–1) 1 (0–3) <0.001 **

Tubular atrophy 0 (0–0) 1 (0–2) 0.001 **
Interstitial fibrosis 0 (0–1) 1 (0–2) 0.001 **
Fibrous crescent 0 (0–0) 0 (0–0) 0.317
Left K/S ratio 1.140 (1.0–1.4) 1.060 (1.0–1.3) 0.241

Right K/S ratio 1.210 (1.1–1.4) 1.120 (1.0–1.3) 0.225
* p < 0.05, ** p < 0.01. eGFR: estimated glomerular filtration rate; anti-dsDNA: anti-double-stranded DNA antibody;
C3: complement 3, C4: complement 4; K/S ratio: kidney-to-spine ratio.

3.4. Correlation between Changes of Renal Gallium Uptake and Changes of Clinical Variables

To further explore the clinical significance of gallium uptake, we analyzed the change
of gallium uptake and the change of variate of clinical parameters in individual patients.
Table 4 shows the results of analyses performed to determine whether change of gallium
uptake was sensitive to changes of clinical and pathologic parameters. A change in gallium
uptake between two biopsies were positively correlated with changes of daily urine protein
(r = 0.768, p < 0.001), changes of activity index scores (r = 0.357, p = 0.035), endocapillary
hypercellularity (r = 0.385, p = 0.032), and leukocyte infiltration (r = 0.390, p = 0.030).
Change of creatinine level and eGFR was not significantly correlated with change of left
K/S ratio. Figure 3 demonstrated an example of this study that the changes in gallium
uptake calculated by left K/S ratio between two biopsies were positively correlated with
changes of daily urine protein and activity index score, but not chronicity index, in renal
pathology. Figure 4 demonstrates an example where no significant change of renal gallium
uptake between two biopsies was observed and no change in the activity index score in the
renal pathology.
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Figure 3. Renal gallium scan and renal histopathologic images in a 36-year-old female with lupus nephritis at diagnosis
and one year after immunosuppressant treatment. This figure demonstrated that the change of renal gallium uptake
was positively correlated with the change of the inflammatory status in renal histology and clinical proteinuria. (a,b) At
diagnosis, renal pathology active index score was 17. The Left K/S ratio was 1.54. Daily urine protein was 7.99 g/d.
(c,d) One year after immunosuppressant treatment, the activity index decreased to 5, left K/S ratio decreased to 1.00.
Daily urine protein decreased to 1.9 g/d. L: left side; R: right side; K/S ratio: kidney/spine ratio; arrows: endocapillary
hypercellularity.
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Figure 4. Renal gallium scan and renal histopathologic images of a 22-year-old male with lupus nephritis at diagnosis and
two years after immunosuppressant treatment. This figure demonstrated that persistent undiminished gallium uptake
was compatible with persistent active inflammation in renal histology and clinical proteinuria. (a,b) At diagnosis, renal
pathologic active index score was 5. The Left K/S ratio was 1.22. Daily urine protein was 6.63 g/d. (c,d) Two years after
immunosuppressant treatment, the activity index remained 5, left K/S ratio was 1.23 without diminished uptake, daily urine
protein persisted at a high level of 5.89 g/d. L: left side; R: right side; K/S ratio: kidney/spine ratio; arrows: endocapillary
hypercellularity.

Table 4. Correlation of changes in clinical, pathologic parameters and change of renal gallium uptake
in 35 SLE patients.

Changes in Variables
Change in Left K/S Ratio

rs p Value

ΔDaily urine protein (gram) 0.768 <0.001 **
ΔCreatinine (mg/dL) 0.045 0.796
ΔeGFR (mg/mL) −0.192 0.270
ΔAnti-dsDNA (WHO units/mL) 0.768 0.348
ΔC3 (mg/dL) 0.027 0.888
ΔC4 (mg/dL) 0.022 0.902
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Table 4. Cont.

Changes in Variables
Change in Left K/S Ratio

rs p Value

ΔActivity Index 0.357 0.035 *
ΔCellular crescent 0.258 0.161
ΔFibrinoid necrosis/ Karyorrhexis 0.324 0.075
ΔEndocapillary hypercellularity 0.385 0.032 *
ΔSubendothelial hyaline deposits 0.253 0.017
ΔLeukocyte infiltration 0.390 0.030 *
ΔInterstitial inflammation 0.300 0.101

ΔChronicity Index −0.106 0.543
ΔGlomerular sclerosis −0.009 0.961
ΔTubular atrophy −0.113 0.545
ΔInterstitial fibrosis −0.070 0.707
ΔFibrous crescent 0.243 0.187

rs: Spearman’s rho coefficient. * p < 0.05, ** p < 0.01. eGFR: estimated glomerular filtration rate, anti-dsDNA:
anti-double-stranded DNA antibody, C3: complement 3, C4: complement 4, K/S ratio: kidney-to-spine ratio.

4. Discussion

This work found that the degree of renal gallium uptake calculating by left K/S ratio
was significantly higher in LN class IV than class III. However, not class V. Lt K/S ratio
of class V is slightly significantly higher than class III. The activity index of class III was
non-significantly higher than class V. From the above result, we could see a trend that renal
gallium uptake is associated with active inflammation in LN, but is not sensitive, especially
compared to different patients. This is a relatively small number of statistics. Another
concern is that eGFR may affect the K/S ratio and reduce its sensitivity in detecting disease
activity/inflammation. From Table 1, eGFR is higher in Class III and V groups than in Class
IV. The K/S is correspondingly lower in Class III and V groups. Therefore, the gallium
uptake and a higher K/S ratio might reflect slower renal clearance of the isotope in patients
with reduced excretory renal function. From the previous studies, after administration of
Ga-67, excretion of 15% to 25% of the dose occurs through the kidneys in the first 24 h,
with the bowel becoming the major route of excretion after that [17]. The gallium image
was used after 48 h of gallium administration to diminish the impact of renal function on
gallium uptake. Besides, we did not use the absolute kidney gallium uptake value but use
the spine as a reference. In theory, if a patient has a poor renal function, higher gallium
accumulation in the whole body should be expected, particularly in the liver, spleen, and
bones. If a patient has a higher renal inflammation, more gallium uptake is thus expected
in the kidney, and this could still be demonstrated by the gallium uptake of Kidney/Spine
ratio. By using the K/S ratio, the impact of renal function on gallium uptake might be
minimized.

To explore whether eGFR impacts renal gallium uptake, we conducted a linear regres-
sion analysis (Table 2). From univariate linear regression analysis, eGFR is associated with
left K/S ratio. In the multivariate analysis 1, the activity index is significantly associated
with left K/S ratio, and eGFR is not associated with left K/S ratio.

In the pooling analysis of all 35 patients with repeated biopsy, the activity index in
the second biopsy was significantly lower than the first biopsy, but the K/S ratio was
non-significantly decreased. This may be associated with the increased creatinine level
in the second biopsy, resulting in slightly increased gallium uptake. Besides, this was a
comparison of all patients together and unable to show the difference between the two
biopsies for each patient. Table 4 demonstrated that the changes in gallium uptake between
the first and the second biopsies were positively correlated with the changes in histological
activity index, the scores of endocapillary hypercellularity, and leukocyte infiltration. The
changes in creatinine and eGFR was not correlated with change in gallium uptake. The
results shed light on a novel non-invasive assessment for residual renal inflammation in
LN patients that may have potential as a substitute for traditional histology exams. As
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discussed above, a change in creatinine may be potentially confounded by the fact that
patients with higher disease activity (predominantly in first biopsy group), which may
increase K/S ratio, showed lower serum creatinine (which may decrease K/S ratio).

In this study, we set smaller ROIs of kidney instead of whole kidney, which we used
in our previous study in 2010 [11]. There are some reasons we considered. First, strong
liver gallium uptake may physiologically mask subtle changes of kidney. Second, the
renal collecting systems, such as calyces and pelvis with relative low gallium uptake might
underestimate mean counts per pixel if whole kidney was included. Our limitation is the
lack of validation between the data of whole kidney ROIs and smaller ROIs.

In 1978, Barry et al. reported that a SLE patient with renal biopsy-proved LN could
be evaluated by renal gallium scan. Moreover, scintigraphy of kidneys showed signifi-
cantly decreased inflammation after high-dose glucocorticoid therapy [18]. BAKIR et al.
suggested a high correlation between gallium visualization of the kidneys and active lupus
nephritis [19]. They also found that hypertension, nephrotic range proteinuria, and progres-
sive azotemia were more frequently encountered when the gallium scan result was positive.
Absolute quantitative and semi-quantitative measurements by gallium scan exhibited good
correlation with the activity index of renal biopsy [20]. However, the value of the renal
gallium study in evaluating LN following therapies has never been explored. To the best of
our knowledge, this study is the first to evaluate the correlation of changes in renal gallium
uptake with changes in pathologic parameters based on repeated renal biopsies. In our
data, the mean activity index in the second biopsy was significantly decreased, and mean
chronicity index was significantly increased compared to the first biopsy. However, no
notable changes in class were found in our results. The above findings are compatible with
the results of repeat biopsy for LN in previous reports [20–23].

Conventional laboratory markers of urine protein creatinine ratio, creatinine clearance,
anti-dsDNA, and complement levels have limitation for monitoring LN, since they might
be underpowered to distinguish renal inflammation activity from irreversible chronic renal
damage in LN [24]. This is a critical issue, especially when LN patients develop a new
onset or progressively elevated serum creatinine or proteinuria during disease monitor.
In this scenario, the aggressive immunosuppressant treatment is suitable if active renal
inflammation is present but may be harmful to chronic damage without inflammation
process. Conventional laboratory markers could tell clinicians the worsening renal function
or proteinuria severity but not correlated with active renal inflammation. We currently
rely on repeated renal biopsy to differentiate these two processes. However, the renal
histology exam is an invasive procedure, which makes it unsuitable for serial monitoring.
In addition, there is no universal agreement regarding the indications for repeated renal
biopsy in LN patients. It has been advocated that protocol biopsies could be performed at
6 months or after 1-2 years following therapies in stable patients to confirm the response to
induction therapy [22,25–30] or to verify the efficacy of maintenance therapy [21,31–33].
Moreover, repeated biopsies could also provide additional valuable information in LN
patients with renal flares [20,23,34–36]. Repeated renal biopsy may offer crucial information
for challenging LN cases to guide the intensity of treatment in patients with quiescent LN
and in those with lupus flare-up. However, due to their invasive nature, renal biopsies can
also be physically painful and emotionally distressing. Furthermore, the procedure may
be even more risky and challenging in LN patients whose renal function is deteriorating,
and who have a thin renal cortex or severe hypertension despite medication, as there
is an elevated risk of hemorrhagic complications following renal biopsy [37]. In this
scenario, renal gallium scan may have value as a potential alternative to renal biopsy for
interrogating the degree of renal inflammation in LN, which could, in turn, facilitate better
therapeutic decisions.

A study by A. Alsuwaida et al. demonstrated that the activity index in the second
renal biopsy, not the first biopsy, may predict a poor renal outcome. The 10-year renal
survival rate was 100% for those with an activity index of 0; 80% for those with an activity
index of 1 or 2; and 44% for those with an index of >2 on the second biopsy, regardless of
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remission status [31]. Similar findings were also shown by Hill GS et al. [25]. They found
the rate of serum creatinine doubling was higher among LN patients with persistent active
lesions, especially endocapillary proliferation and interstitial inflammation, compared to
those with a resolution of active inflammation in the second biopsy. Our study found that
changes in gallium uptake measured by left K/S ratio were correlated with changes in
active histopathological parameters, including endocapillary proliferation and leukocyte
infiltration. These findings indicate that a follow-up renal gallium scan in patients with
repeated renal biopsies provided essential information related to kidney inflammation
following treatment. In the LN case in our study, shown in Figure 4, the repeated renal
biopsy two years after immunosuppressant treatment showed persistent active lesion,
especially endocapillary hypercellularity. The repeated renal gallium uptake also remains
unchanged without resolution. Finally, the patient’s renal function deteriorated, and he
received hemodialysis 11 years after diagnosis. Future outcome-based studies, guided by
subsequent gallium scan studies, may provide more insights into the potential application
of scintigraphy in clinical practice.

It remains unclear why gallium uptake in a positive renal scan was observed in active
lupus nephritis patients. This study and other findings indicate that a high degree of renal
gallium uptake was observed in patients with high renal activity [19]. In proliferative LN,
affected glomeruli display endocapillary proliferation. These lesions are characterized by
the deposition of immunoglobulins, complements, and marked influx of pro-inflammatory
leukocytes, monocytes, macrophages, and suppressor/cytotoxic T cells, as well as neu-
trophils infiltration [38]. After gallium injection, one-fourth of the injected dose is excreted
by the kidneys within 24 h [17]. Gallium-67 may bind to lactoferrin in neutrophils, are
taken up by lysosomes in mononuclear phagocytes, bind directly to the lymphocyte mem-
brane, and transported to sites of inflammatory glomeruli [39]. In this study, endocapillary
proliferation and interstitial inflammation were independently positively associated with
gallium uptake. The gallium-67 uptake from the proliferated endothelial cells and intersti-
tial neutrophile cells in LN patients might explain the above phenomenon in this study.
More basic research may be needed to confirm this finding.

In many areas of clinical practice, gallium scanning has been superseded by PET
imaging using FDG and Tc-99 scans, which have several advantages, including a shorter
delay between injection of the radioisotope and completing the imaging. However, the
patient’s steroids are likely to interfere with PET interpretation, especially during the high
activity LN patient who received high-dose steroid. Technetium 99m (99mTc)-HMPAO is
an agent that complexes avidly with polymorphonuclear leukocytes and has been used to
evaluate the areas of acute inflammation. A limitation of this procedure is that 70–80 mL of
blood must be drawn from the patient for this technique. This may increase the possible
need for a blood transfusion in patients already experiencing anemia, especially in renal
insufficiency patients under immunosuppressant agents.

Our study found that the gallium K/S ratio in the right kidney was higher than that in
left side in every LN class (Table 1). This is most likely due to the high gallium radioactivity
in the normal liver, which may interfere with the calculation of the right K/S ratio. In
order to avoid this, we meticulously calculated the left side K/S ratio for subsequent
analysis. This concept was initially explored in our previous study on renal gallium scan
for evaluating lupus nephritis [11], and the findings of the present study further confirm
this interference effect.

Many biomarkers based on laboratory tests have been explored as possible non-
invasive methods of evaluating LN [40]. Unfortunately, very few biomarker studies have
been done at the time of renal biopsy, and no studies have evaluated the correlation between
the change in biomarkers and the change in repeat renal biopsy [40]. This study provides
valuable image information between repeated renal biopsies in LN patients.

There were several limitations in the study. First, changes in excretory renal function
have an effect on gallium uptake, which may confound some of the findings presented
in this work, and limit the sensitivity of this technique in detecting small changes active
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inflammation. Second, subjective bias in the positioning of the ROI might lead to biased and
inconsistent analysis between different patients. Third, the relatively long period of 30 days
between kidney biopsy and renal gallium scan used in this study may have implications
for how well the scintigraphy findings reflect the histopathological features seen on biopsy
in individual patients. Fourth, this was a retrospective study with a limited sample size,
and only one ethnic group (East Asians) was included. The results may not be extrapolated
to other populations. Further studies using a larger cohort are needed to confirm our
findings. Fifth, renal survival and patient survival were not assessed in this study. A recent
study indicated that activity scores in LN histology were associated with end-stage renal
disease [41]. Whether the degree of renal gallium uptake has a predicting role on renal
survival in LN patients needs further study. Sixth, renal gallium uptake cannot distinguish
inflammation from other conditions, such as infection (e.g., acute pyelonephritis, renal
abscess) and tumor (e.g., lymphoma) [18,42,43]. Clinicians should incorporate other clinical
assessments and imaging modalities to reach the final diagnosis if necessary. Finally, it
remains unclear how immunosuppressants with different mechanisms of action influence
gallium renal uptake. Prospective intervention studies are needed to address this issue.

5. Conclusions

This study demonstrated that renal gallium uptake is associated with pathologic active
inflammation in LN but not chronicity damage lesion. The association may be impacted
by renal function. Changes in renal gallium uptake positively correlated with changes in
activity index in renal pathology. Currently, renal biopsy remains the standard evaluation
for lupus nephritis inflammatory activity. However, as a non-invasive tool, renal gallium
scan may add value to the personalized care of patients with LN, particularly those with a
high risk for biopsy. More researches with large cohorts are needed for further validation.
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Abstract: Systemic lupus erythematosus (SLE) is a chronic systemic autoimmune disease character-
ized by the production of multiple autoantibodies, resulting in tissue and organ damage. Recent
studies have revealed that interleukin-23 (IL-23) and interleukin-27 (IL-27) may be therapeutically
relevant in selected SLE manifestations. This study aimed to identify associations between serum
IL-27 and IL-23 levels and disease activity in Polish patients with different manifestations of SLE:
neuropsychiatric lupus (NPSLE), and lupus nephritis (LN). Associations between interleukin levels
and oligo-specific antibodies against double-stranded DNA (dsDNA), dose of glucocorticoids, and
type of treatment were also analyzed. An enzyme-linked immunosorbent assay was used to assess
anti-dsDNA antibodies and analyze the serum concentration of IL-27 and IL-23 from 72 patients
aged 19–74 years with confirmed active SLE. Disease activity was measured using the Systemic
Lupus Erythematosus Disease Activity Index 2000 (SLEDAI 2-K). No significant correlations between
interleukin levels and SLEDAI score, anti-dsDNA, corticosteroid dose, or type of treatment were
noted. Patients with NPSLE and LN presented the highest median scores of SLEDAI.

Keywords: systemic lupus erythematosus; neuropsychiatric lupus; interleukin-23; interleukin-27; SLEDAI

1. Introduction

Systemic lupus erythematosus (SLE) is a complex autoimmune disease with unclear
pathogenesis that causes systemic inflammation [1]. Dysfunction of the immune system
involves the production of multiple autoantibodies and the formation and deposition
of immune complexes. This contributes to damage to various organs [2], including the
kidneys and both the central and peripheral nervous systems [3]. Consequently, two
common SLE manifestations are neuropsychiatric lupus (NPSLE) and lupus nephritis (LN).
Lupus nephritis, observed in ~30% of SLE patients [4], is the primary SLE complication [5].
The prevalence of NPSLE varies widely, as it is estimated that it may affect between 37% and
95% of SLE patients [6]. Up to 75% of adult and pediatric patients with SLE will experience
various disabling effects of NPSLE that impact their quality of life and prognosis [7]. In
Poland, the population of treated SLE patients is highly stable, at ~20,000 per year [8].

In recent years, an increasing number of authors have analyzed the role of cytokines in
the pathogenesis of SLE [9–14]. It has been shown that crucial features of SLE’s pathogenesis
and progression include aberrations in the T-lymphocyte compartment and abnormal
cytokine production [15]. Interleukin-23 (IL-23) and interleukin-27 (IL-27) regulate T helper
1 (Th1)-cell responses. IL-23 plays an important role in autoimmune inflammation by
stimulating a unique T-cell subset to produce interleukin-17 (IL-17) [16,17]. In contrast,
IL-27 is responsible for the reduction in the intensity and duration of adaptive immune
responses [18,19]. Some studies have shown that IL-27 controls the development of T
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helper 17 (Th17) cells, which are implicated in the pathogenesis of SLE [20]. Moreover, the
elevated gene expression of IL-27 was found in immune cells from SLE patients with a
high type I interferon (I-IFN) signature, which further confirms the importance of IL-27 in
SLE [21].

The role of both interleukins in the pathogenesis of SLE, their association with dis-
ease activity, and their therapeutic potential have been analyzed over the past decade;
however, these studies were based on small sample sizes, and provided inconsistent
results [20,22–28]. In patients with SLE, it was shown that serum IL-23 concentration is
higher [24–27] and IL-27 concentration is lower when compared to healthy controls [20,23].
Most authors found a positive correlation between IL-23 concentration and disease activ-
ity [24,28], and a lack of correlation between IL-27 levels and disease activity [20]. Higher
levels of IL-23 were also associated with LN [24,25,27]. Vukelic et al. found that increased
IL-23 levels are characteristic of patients with LN, but also patients with non-renal lupus.
Furthermore, they observed the correlation between increased levels of IL-23 and positive
anti-dsDNA antibodies and/or low C3 levels [28]. Interestingly, Xia et al. showed that
both IL-23 and IL-27 urine levels were significantly correlated with the renal SLE Disease
Activity Index (SLEDAI) [26]. On the other hand, Li et al. and Gaber et al. reported a nega-
tive association of IL-27 levels and the occurrence of LN [20,23]. These results suggest that
the concentration of both interleukins may be more significantly associated with disease
activity in patients with LN. To the best of our knowledge, there are no similar analyses for
patients with NPSLE.

The primary aim of this study was to identify associations between serum IL-27 and
IL-23 levels and disease activity in Polish patients with different manifestations of SLE (LN
and NPSLE). We also assessed the association between interleukin levels and oligo-specific
antibodies against double-stranded DNA (dsDNA), the dose of glucocorticoids (GCs), and
the type of treatment in the analyzed groups of patients.

2. Materials and Methods

2.1. Diagnostic Criteria

Patients were considered eligible for the study if they fulfilled the criteria of the
American College of Rheumatology (ACR) classification for SLE [29], and if they were
diagnosed as having clinically active SLE qualifying for treatment. According to the ACR
and the European League Against Rheumatism (EULAR) [30], one of the criteria of SLE is
positive antinuclear antibodies (ANAs) at a titer of 1:80 or greater [31]. Another biomarker
of SLE is the presence of oligo-specific antibodies against dsDNA at a nominal value of
100 units/ampoule (WHO Reference Reagent for lupus) [32].

The diagnostics included the profile of autoantibodies determined via indirect im-
munofluorescence assay (IIFA) and sandwich enzyme-linked immunosorbent assay (ELISA).

Lupus nephritis was confirmed via kidney involvement (proteinuria, active urine sed-
iment) and/or kidney biopsy; NPSLE was confirmed via neuropsychiatric manifestations
under the 1999 ACR nomenclature [33].

2.2. Methodology

This is a retrospective, cross-sectional study. Clinical information was assessed with
the application of a questionnaire that included:

• Demographic data (age, sex);
• Medical history/clinical data;
• Current treatment;
• Laboratory results (titer and profile of ANAs [31], anti-dsDNA [34], complement

components C3 and C4 concentrations, and serum IL-23 and IL-27 concentrations);
• Measurements (morphology, biochemistry, urinalysis, daily proteinuria);
• Disease activity measured with the Systemic Lupus Erythematosus Disease Activ-

ity Index 2000 (SLEDAI 2-K) [35,36], Physician Global Assessment (PGA) [37], and

181



J. Clin. Med. 2021, 10, 4788

organ damage determined using the Systemic Lupus International Collaborating
Clinics/American College of Rheumatology (SLICC/ACR) Damage Index (SDI) [38].

The SLEDAI is a global index for the assessment of lupus disease activity in the
previous 10 days; it consists of 24 weighted clinical and laboratory variables of 9 organ
systems. The scores of the descriptors range from 1 to 8, and the total possible score for all
24 descriptors is 105 [36].

The PGA is a visual analogue score, recommended in the recent European League
Against Rheumatism (EULAR) guidelines [39], for evaluating disease activity, treatment
response, and remission in SLE [37].

The SLICC/ACR DI was used to measure damage—defined as irreversible organ
dysfunction, present for 6 months or longer, regardless of etiology—in all organ systems.
The SLICC/ACR DI was calculated based on organ damage accumulated since the onset of
SLE up until the last visit [38].

2.3. Immunoassays

Blood samples were collected from patients during their admission to the hospital
due to SLE activity, and immediately frozen at a temperature below 70 ◦C, then thawed
and measured without repeated freeze/thawing. All of these activities were performed
under standardized conditions to enable direct comparison of the results.

IgG ANAs were assessed in the HEp-2 cell line using the IIFA technique. Anti-dsDNA
antibodies were assessed via monospecific sandwich ELISA tests. Concentrations of serum
interleukins were measured via ELISA, using the Human IL-23 Quantikine ELISA Kit (R&D
Systems) and Invitrogen™ eBioscience™ Human IL-27 Platinum ELISA Kit according to
their respective manuals. The reaction results were measured using an EPOCH BioTek
plate reader spectrophotometer at 450 nm, and calculated as pg/mL.

2.4. Statistics

Data distribution was checked using the Shapiro–Wilk test. Data with normal dis-
tribution were presented as mean ± SD, and non-parametrical data were presented as
median and range. Differences in selected parameters between two groups of patients were
assessed using Student’s t-test or the Mann–Whitney test. One-way analysis of variance or
the Kruskal–Wallis test were used to determine whether there were significant differences
in the analyzed parameters between patients with different SLE manifestations. Spear-
man’s correlation was applied to assess associations between measures. Logistic regression
was used to calculate the odds ratios (ORs) and 95% confidence intervals (CIs) for selected
determinants concerning disease activity in the whole group of patients, and in selected
groups of patients with LN and NPSLE. STATISTICA 12 (StatSoft Inc., Tulsa, OK, USA)
and R 4.0.2 (R Statistics) software were used.

2.5. Ethics

This study obtained approval from the Bioethical Committee of the Poznań University
of Medical Sciences (no. 107/21).

3. Results

3.1. Patient Characteristics

A total of 144 Caucasian patients from the Department of Rheumatology and Osteo-
porosis, Józef Struś Specialist Municipal Hospital, Poznań, Poland were screened. Results
of 72 patients aged 19–74 years with confirmed active SLE (NPSLE—29%; LN—22%;
NPSLE + LN—7%; non-LN and non-NPSLE—42%) were included in the statistical analysis.
Details concerning clinical characteristics are presented in Table 1. Patients were treated
with chloroquine (CQ, n = 47, 65%), hydroxychloroquine (HCQ, n = 13, 18%), glucocor-
ticoids (GCs, n = 59, 82%) (<7.5 mg, n = 28, 7.5–10 mg, n = 13, >10 mg, n = 16), and the
following immunosuppressant medications (IS, n = 58, 81%): cyclophosphamide (CTX,
n = 10, 14%), mycophenolate mofetil (MMF, n = 16, 22%), methotrexate (MTX, n = 6, 8%),
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azathioprine (AZA, n = 21, 29%), and cyclosporine A (CsA, n = 5, 7%). Among 21 patients
with LN (16 with LN, 5 with LN and NPSLE), 7 had renal biopsy (n = 3, class III nephritis;
and n = 4, class IV nephritis). Antiphospholipid syndrome was confirmed in 6 (8%) patients,
whereas antiphospholipid antibodies were confirmed in 11 (15%).

Table 1. Clinical characteristics of the study group and neuropsychiatric lupus/lupus nephritis subgroups.

Variables All Patients
Non-LN and
Non-NPSLE

NPSLE LN NPSLE + LN p

n 72 30 21 16 5 -

Sex (♂/♀) 4/68 2/28 2/19 0/16 0/5 0.39

Age (mean ± SD) (years) 42.9 ± 13.3 47.7 ± 12.2 38.3 ± 11.4 42.1 ± 14.6 36.4 ± 16.9 <0.05

Age at disease onset
(mean ± SD) (years) 36.5 ± 12.6 41.9 ± 10.8 32.5 ± 10.7 33.6 ± 14.4 29.4 ± 14.8 <0.05

Disease duration (median,
min–max) (years) 5, 1–20 5, 1–12 4, 1–15 5, 1–20 7, 1–12 0.78

Fever (yes/no) 4/68 0/30 1/20 2/14 1/4 0.12

Lupus rash (yes/no) 53/19 22/8 5/16 4/12 2/3 0.91

Alopecia (yes/no) 45/27 19/11 12/9 12/4 2/3 0.49

Mucosal ulcers (yes/no) 5/67 0/30 2/19 2/14 1/4 0.11

Arthritis (yes/no) 53/19 21/9 15/6 13/3 4/1 0.83

Myositis (yes/no) 0/72 0/30 0/21 0/16 0/5 -

Psychosis (yes/no) 4/68 0/30 4/17 0/16 5/0 <0.05

Organic brain syndrome
(yes/no) 25/47 0/30 21/0 0/16 4/1 <0.001

Cranial nerves disorder
(yes/no) 1/71 0/30 1/20 0/16 0/5 0.48

Vision disturbances
(yes/no) 1/71 0/30 1/20 0/16 0/5 0.48

Lupus headache (yes/no) 6/66 0/30 5/16 0/16 1/4 <0.01

Cerebrovascular accident
(yes/no) 2/70 0/30 1/20 0/16 1/4 0.16

Vasculitis (yes/no) 11/61 2/28 4/17 3/13 2/3 0.24

Pleuritis (yes/no) 4/68 0/30 2/19 0/16 2/3 <0.05

Pericarditis (yes/no) 2/70 0/30 0/21 1/15 1/4 0.12

Active urinary sediment
(yes/no) 3/69 0/30 0/21 1/15 2/3 <0.05

Hematuria (yes/no) 2/70 0/30 0/21 0/16 2/3 <0.01

Proteinuria (yes/no) 18/54 0/30 0/21 13/3 5/0 <0.001

Leukocyturia (yes/no) 7/65 0/30 0/21 5/11 2/3 <0.001

Leukopenia (yes/no) 11/61 4/26 5/16 1/15 1/4 0.48

Thrombocytopenia (yes/no) 9/63 4/26 1/20 2/14 2/3 0.28

NPSLE: neuropsychiatric lupus; LN: lupus nephritis.

3.2. Disease Activity and Laboratory Test Results

Table 2 presents the analysis of variance for disease assessment, laboratory results,
and interleukin levels in the whole study group and in the NPSLE/LN subgroups. There
were significant differences in SLEDAI and PGA scores between patients with different
manifestations, i.e., patients with NPSLE and LN presented the highest median scores of
SLEDAI and PGA. There were no significant differences in the other measured variables.
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Table 2. Disease assessment, laboratory test results, and interleukin levels in the study group and neuropsychiatric
lupus/lupus nephritis subgroups.

Variables All Patients
Non-LN and
Non-NPSLE

NPSLE LN NPSLE + LN p

SLEDAI (median, min–max)
(points) 14, 2–55 8, 2–20 24, 12–36 15, 8–27 32, 26–55 <0.001

PGA (median, min–max)
(points) 1, 0–3 1, 0–3 2, 0–3 1, 0–3 3, 0–3 <0.05

SDI (yes/no) 30/42 11/19 8/13 9/7 2/3 0.61

Low C3/C4 (yes/no) 36/36 13/17 11/10 11/5 1/4 0.19

Elevated anti-dsDNA
(yes/no) 49/23 16/14 16/5 12/4 5/0 0.05

Elevated anti-dsDNA and
low C3/C4 (yes/no) 33/39 11/19 10/11 10/6 2/3 0.41

IL-23 (median, min–max)
(pg/mL) 1.18, 0.11–3.28 1.16, 0.11–2.67 1.23, 0.16–3.19 1.06, 0.14–3.28 0.96, 0.46–3.15 0.70

IL-27 (median, min–max)
(pg/mL) 0.09, 0.07–0.26 0.09, 0.07–0.16 0.09, 0.08–0.26 0.09, 0.07–0.14 0.10, 0.08–0.12 0.47

NPSLE: neuropsychiatric lupus; LN: lupus nephritis; SLEDAI: Systemic Lupus Erythematosus Disease Activity Index; PGA: Physician
Global Assessment; SDI: Systemic Lupus International Collaborating Clinics/American College of Rheumatology (SLICC/ACR) Damage
Index; anti-dsDNA: autoantibodies against double-stranded DNA; IL: interleukin.

3.3. Determinants of Disease Activity and Different Disease Manifestations

The independent variables that were associated with SLEDAI scores in the whole
group of patients were age at disease onset, decreased C3/C4, and anti-dsDNA (Table 3).

Table 3. Determinants of disease activity in the whole group of patients.

SLEDAI Score (Points) Odds Ratio

Determinant n 1–11, n = 27
n (%)

≥12, n = 45
n (%)

OR 95% CI p

Disease duration (years) 72 0.33

[1, 4] 9 (33%) 23 (51%) — —

(4, 7.57] 7 (26%) 9 (20%) 0.50 0.14, 1.78

(7.57, 20] 11 (41%) 13 (29%) 0.46 0.15, 1.40

Age at disease onset
(years) median (IQR) 72 42 (39, 50) 35 (22, 43) 0.94 0.90, 0.98 <0.01

IL-27 (pg/mL) 72 0.29

[0.067, 0.0837] 12 (44%) 12 (27%) — —

(0.0837, 0.0983] 7 (26%) 17 (38%) 2.43 0.75, 8.31

(0.0983, 0.255] 8 (30%) 16 (36%) 2.00 0.63, 6.62

IL-23 (pg/mL) 72 0.10

[0.112, 0.776] 13 (48%) 11 (24%) — —

(0.776, 1.55] 6 (22%) 18 (40%) 3.55 1.08, 12.8

(1.55, 3.28] 8 (30%) 16 (36%) 2.36 0.75, 7.87

Decreased C3/C4 72 <0.01

No 19 (70%) 17 (38%) — —

Yes 8 (30%) 28 (62%) 3.91 1.45, 11.4

Anti-dsDNA 72 <0.001

No 15 (56%) 8 (18%) — —

Yes 12 (44%) 37 (82%) 5.78 2.03, 17.8

SLEDAI: Systemic Lupus Erythematosus Disease Activity Index; OR: odds ratio; CI: confidence interval; anti-dsDNA: autoantibodies
against double-stranded DNA; IL: interleukin.
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A total of 24 patients (NPSLE = 7; LN = 7; NPSLE and LN = 1; non-LN and
non-NPSLE = 9) presented cutaneous and musculoskeletal manifestations. The SLEDAI
score (median, range) in this group was 17.5 (8.0–36.0), and in selected subgroups, was as
follows: NPSLE = 26.0 (17.0–36.0); LN = 16.0 (12.0–27.0); non-LN and non-NPSLE = 12.0
(8.0–20.0).

There were no significant independent variables associated with the presence of LN
(Table 4). Age at disease onset was the only significant determinant associated with the
presence of NPSLE (Table 5).

Table 4. Determinants of disease activity in a group of LN patients.

LN Odds Ratio

Determinant n 0, n = 51
n (%)

1, n = 21
n (%)

OR 95% CI p

Disease duration (years) 72 0.84

[1, 4] 23 (45%) 9 (43%) — —

(4, 7.57] 12 (24%) 4 (19%) 0.85 0.20, 3.23

(7.57, 20] 16 (31%) 8 (38%) 1.28 0.40, 4.06

Age at disease onset
(years) median (IQR) 72 40 (31, 44) 28 (21, 45) 0.97 0.92, 1.01 0.09

IL-27 (pg/mL) 72 0.82

[0.067, 0.0837] 18 (35%) 6 (29%) — —

(0.0837, 0.0983] 17 (33%) 7 (33%) 1.24 0.34, 4.56

(0.0983, 0.255] 16 (31%) 8 (38%) 1.50 0.43, 5.46

IL-23 (pg/mL) 72 0.82

[0.112, 0.776] 17 (33%) 7 (33%) — —

(0.776, 1.55] 16 (31%) 8 (38%) 1.21 0.36, 4.22

(1.55, 3.28] 18 (35%) 6 (29%) 0.81 0.22, 2.92

Decreased C3/C4 72 0.44

No 27 (53%) 9 (43%) — —

Yes 24 (47%) 12 (57%) 1.50 0.54, 4.27

Anti-dsDNA 72 0.12

No 19 (37%) 4 (19%) — —

Yes 32 (63%) 17 (81%) 2.52 0.79, 9.76

OR: odds ratio; CI: confidence interval; anti-dsDNA: autoantibodies against double-stranded DNA; IL: interleukin, 0 = patients without
LN, 1 = patients with LN.

Table 5. Determinants of disease activity in a group of NPSLE patients.

NPSLE Odds Ratio

Determinant n 0, n = 46
n (%)

1, n = 26
n (%)

OR 95% CI p

Disease duration (years) 72 0.55

[1, 4] 19 (41%) 13 (50%) — —

(4, 7.57] 12 (26%) 4 (15%) 0.49 0.12, 1.76

(7.57, 20] 15 (33%) 9 (35%) 0.88 0.29, 2.59
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Table 5. Cont.

NPSLE Odds Ratio

Determinant n 0, n = 46
n (%)

1, n = 26
n (%)

OR 95% CI p

Age at disease onset
(years) median (IQR) 72 42 (31, 48) 32 (22, 39) 0.95 0.91, 0.99 <0.05

IL-27 (pg/mL) 72 0.31

[0.067, 0.0837] 18 (39%) 6 (23%) — —

(0.0837, 0.0983] 13 (28%) 11 (42%) 2.54 0.76, 9.09

(0.0983, 0.255] 15 (33%) 9 (35%) 1.80 0.53, 6.49

IL-23 (pg/mL) 72 0.37

[0.112, 0.776] 18 (39%) 6 (23%) — —

(0.776, 1.55] 14 (30%) 10 (38%) 2.14 0.64, 7.69

(1.55, 3.28] 14 (30%) 10 (38%) 2.14 0.64, 7.69

Decreased C3/C4 72 0.62

No 22 (48%) 14 (54%) — —

Yes 24 (52%) 12 (46%) 0.79 0.30, 2.06

Anti-dsDNA 72 0.08

No 18 (39%) 5 (19%) — —

Yes 28 (61%) 21 (81%) 2.70 0.91, 9.24

OR: odds ratio, CI: confidence interval; 0 = patients without NPSLE, 1 = patients with NPSLE.

3.4. Association between IL-23/IL-27 Levels and Disease Activity

Figures 1 and 2 present associations between serum IL-23 and IL-27 levels, respectively,
and disease activity in the whole group of patients, as well as in selected subgroups with
different SLE manifestations. There were no significant correlations between interleukin
levels and SLEDAI scores in the whole group, nor in the subgroups.

To employ multiple tools of disease activity measurement, we checked the associations
between serum IL-23 and IL-27 levels and SLEDAI scores in patients with PGA > 0. We
found no correlation—R was 0.04 (p = 0.79) for IL-23, and R was 0.13 (p = 0.352) for IL-27.

Furthermore, there was no significant correlation between interleukin levels and
anti-dsDNA (Supplementary Materials, Figure S1).

3.5. Associatiosn between IL-23 Levels, IL-27 Levels, dsDNA, and Complement
C3/C4 Components

There were no associations between elevated anti-dsDNA and low C3/C4, IL-23, or
IL-27 (Table 6).
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Figure 1. Association between serum IL-23 levels and disease activity in the whole group of pa-
tients (A), and in selected groups of patients (B).
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Figure 2. Association between serum IL-27 levels and disease activity in the whole group of pa-
tients (A), and in selected groups of patients (B).
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Table 6. Differences in IL-23 and IL-27 (median, min–max) between patients with and without
elevated anti-dsDNA and decreased C3/C4.

Elevated Anti-dsDNA and
Low C3/C4
No (n = 39)

Elevated Anti-dsDNA and
Low C3/C4
Yes (n = 33)

p

IL-23 (pg/mL) 0.96, 0.11–3.28 1.30, 0.14–3.19 0.31

IL-27 (pg/mL) 0.09, 0.07–0.16 0.09, 0.07–0.26 0.63
dsDNA: double-stranded DNA.

3.6. Association between IL-23/IL-27 Levels and SLE Treatment

There was no significant correlation between interleukin levels and corticosteroid dose
(Supplementary Materials, Figure S2), or between interleukin levels and type of treatment
(Supplementary Materials, Figure S3).

4. Discussion

In the present study, we analyzed associations between IL-23 and IL-27 levels and
disease activity in patients with SLE. We decided to stratify patients according to renal and
neurological involvement in order to investigate IL-23 and IL-27 in the patients with the
highest SLE activity in the respective organs, thereby identifying the highest risk of damage.
We found a lack of correlation between serum IL-23 and IL-27 levels and disease activity
measured with the SLEDAI in both the whole group and the selected subgroups of patients
with different manifestations of the disease. Nevertheless, one can notice that patients with
NPSLE and LN presented the highest SLEDAI and PGA scores. Nominally, the highest
median value of IL-23 concentration was observed in patients with NPSLE. Additionally,
we found that in the whole group of patients, there was no significant association between
interleukin levels and anti-dsDNA, dose of GCs, or type of treatment. Moreover, there
were no significant differences in interleukin levels between patients with and without
immunologically active disease.

In recent years, an increasing number of studies have been published analyzing the
possible role of IL-23 and IL-27 (members of the IL-12 family) in the pathogenesis of SLE,
and their potential contribution to immune imbalance [9,20–28]. Differences in both IL-23
and IL-27 levels between patients with SLE and healthy controls were shown. Several
authors showed that the IL-27 levels were significantly lower, whereas the IL-23 levels
were significantly higher, in SLE patients in comparison to healthy controls [20,23–25,27].
Contrary to our results, Hegab et al. [24] and, more recently, Vukelic et al. [28] found a
positive correlation between IL-23 levels and disease activity measured with the SLEDAI.
On the other hand, our results are consistent with data presented by Li et al. [20], showing
no correlation between IL-27 levels and disease activity.

We also evaluated interleukin levels in patients with various manifestations of SLE.
We found that, in patients with LN and NPSLE + LN, IL-23 levels were nominally (but not
significantly) lower, while IL-27 levels were similar to other subgroups of patients with
different manifestations of SLE. However, there was no association between interleukin
levels and disease activity in these subgroups (LN subgroup and NPSLE + LN subgroup).
Several authors found high levels of IL-23 in patients with LN in comparison to healthy con-
trols [24,25,27], and a negative association between IL-27 levels and LN occurrence [20,23].
In other research, IL-23 and IL-27 levels were positively and negatively associated with the
renal SLEDAI, respectively [26]. To the best of our knowledge, there have been no studies
on the association between IL-23 and/or IL-27 levels and disease activity in patients with
NPSLE.

In our study, an association between interleukin levels and anti-dsDNA antibodies
was not confirmed for IL-23 or IL-27. However, interleukin levels in immunologically
active patients were nominally higher. Immunologically active patients and patients
with high SLEDAI were treated with immunosuppressants and GCs, which could have a
significant impact on the pro-inflammatory effect of IL-23. In 2020, Vukelic et al. showed
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a strong correlation between IL-23 levels and anti-dsDNA antibodies [28]. In an animal
model of lupus, deletion of the IL-23 receptor blocks the interleukin signaling [40] and,
consequently, decreases the production of anti-dsDNA antibodies [28]. However, there
are some differences between our study and the Vukelic et al. study. Our group consisted
of Caucasian patients who presented a median SLEDAI value of 14, whereas in Vukelic
et al.’s study, the mean SLEDAI value in patients of different ethnicities was 6.7 [28].

In the present study, GC doses were not associated with the levels of either interleukin
in patients with active SLE, i.e., patients with higher doses of medications did not present
lower values of IL-23 or IL-27. These results are, to some extent, consistent with those
presented in 2020 by Vukelic et al., who showed that immunomodulatory medications
used for mild or severe LN did not affect IL-23 levels [28]; the authors suggested that drugs
commonly used in patients with SLE may not be effective in shutting down the IL-23/IL-17
axis [28]. However, some authors found that six months of immunosuppressive treatment
(GCs together with CTX or MMF) may decrease urine IL-23 concentrations in patients with
a complete response, supporting the potential role of IL-23 in the pathogenesis of LN [26].

In our study, patients with NPSLE presented the highest serum concentrations of IL-23.
This group of patients may be predisposed to IL-23 blockade treatment response [22]. IL-23
has pro-inflammatory and inhibitory functions; it is produced in response to microbial
pathogens, and is essential for the differentiation of naïve CD4 T cells [41]. Anti-IL-
23 therapy is intended to inhibit multiple inflammatory pathways critical for driving
autoimmune inflammation [24,42,43]. Recent data suggest that IL-23 inhibitors offer safe
and effective treatment of autoimmune inflammatory diseases. Ustekinumab, the first
agent of this pharmacological class—also targeting IL-12/IL-23p40—has been approved
for Crohn’s disease, ulcerative colitis, plaque psoriasis, and psoriatic arthritis treatment.
However, despite the initially promising phase II trial results, Janssen recently announced
the discontinuation of the phase III LOTUS study evaluating ustekinumab (STELARA®) in
patients with SLE, due to lack of efficacy [44].

Risankizumab has been approved for the treatment of moderate-to-severe plaque
psoriasis and, in Japan, also for psoriasis vulgaris, generalized pustular psoriasis, erythro-
dermic psoriasis, and psoriatic arthritis [41,45–50].

Another IL-23 blocker, guselkumab, approved for the treatment of plaque psoriasis
and psoriatic arthritis, also has the potential to treat patients with Crohn’s disease [47,50–54]
and ulcerative colitis [50,55–57].

Some reports suggest that patients with positive anti-dsDNA antibodies and/or low
C3 levels are more likely to have elevated levels of IL-23 [28] and, due to immunological
disease activity and lack of full disease remission, are in a high-risk group for “immune-
mediated” and “treatment-mediated” tissue damage. In our study, patients with positive
anti-dsDNA antibodies and low C3/C4 presented higher serum concentrations of IL-
23 than those with negative anti-dsDNA antibodies; however, the difference was not
statistically significant. Patients with clinically and immunologically active SLE require
more aggressive therapy, which significantly modifies cytokine activity [58].

An increase in IL-27 serum concentration is a protective response to pathogenic factors,
preventing the impairment of tissues and organs due to the promotion of specific Treg
cell subsets, and inhibition of Th1, Th2, Th17, and antigen-presenting cells [59]. In our
study, levels of both interleukins were not related to the type of treatment in the whole
group of patients. Xia et al. showed that IL-27 levels can be successfully increased after
six months of treatment with GCs together with CTX or MMF in patients with LN [26].
The discrepancies between the abovementioned studies may result from differences in the
immunological and clinical activity of SLE, the degree of the therapy aggressiveness, the
heterogeneity of the disease, and small sample sizes.

Due to scarce and inconsistent data that hinder the drawing of unambiguous conclu-
sions, the exact roles of IL-27 and IL-23 in the pathogenesis of SLE should be verified in
future studies.
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The heterogeneous group of patients, lack of a control group, and the retrospective
nature of our work should be mentioned here as limitations of our study.

5. Conclusions

Our findings suggest a lack of correlation between serum IL-23 and IL-27 levels and
disease activity measured with the SLEDAI in a group of patients with different manifesta-
tions of SLE disease. We additionally found no significant associations between interleukin
levels and anti-dsDNA, dose of GCs, or type of treatment. Moreover, no significant dif-
ferences in interleukin levels between patients with and without immunologically active
disease were observed.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jcm10204788/s1: Figure S1: Association between serum IL-27 and IL-23 levels and anti-dsDNA;
Figure S2: Association between corticosteroid dose and IL-23 and IL-27 levels. Corticosteroid doses
expressed as prednisolone equivalents were classified as follows: 1: ≤7.5 mg; 2: 7.6–10 mg; 3: >10 mg;
4: high intravenous corticosteroid doses; Figure S3: Association between IL-23 and IL-27 levels and
type of treatment. CS: corticosteroids; IS: immunosuppressant medications; whiskers: min–max,
inside box corresponds to the median, outside box boundaries correspond to 25% and 75%.
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Abstract: Several microRNAs (miRNAs) are associated with autoimmune disease susceptibility
and phenotype, including systemic lupus erythematosus (SLE). We aimed to explore for the first
time the role of the miRNA-34a gene (MIR34A) rs2666433A > G variant in SLE risk and severity.
A total of 163 adult patients with SLE and matched controls were recruited. Real-Time allelic dis-
crimination PCR was applied for genotyping. Correlation with disease activity and clinic-laboratory
data was done. The rs2666433 variant conferred protection against SLE development under het-
erozygous [A/G vs. G/G; OR = 0.57, 95%CI = 0.34–0.95], homozygous [A/A vs. G/G; OR = 0.52,
95%CI = 0.29–0.94], dominant [A/G + A/A vs. GG; OR = 0.55, 95%CI = 0.35–0.88], and log-additive
[OR = 0.71, 95%CI = 0.53–0.95] models. Data stratification by sex revealed a significant association
with SLE development in female participants under heterozygous/homozygous models (p-interaction
= 0.004). There was no clear demarcation between SLE patients carrying different genotypes regard-
ing the disease activity index or patients stratified according to lupus nephritis. Enrichment analysis
confirmed the implication of MIR34A in the SLE pathway by targeting several genes related to SLE
etiopathology. In conclusion, although the MIR34A rs2666433 variant conferred protection against
developing SLE disease in the study population, it showed no association with disease activity.
Replication studies in other populations are warranted.

Keywords: MIR34A; lupus nephritis; single nucleotide polymorphism; SLE

1. Introduction

The systemic lupus erythematosus (SLE) (OMIM: 152700) is a complex autoimmune
disease characterized by a loss of tolerance against nuclear autoantigens and complex
dysfunction of innate and adaptive immunity [1]. The worldwide overall incidence rates
of SLE range from 1 to 10 per 100,000 person-years, affecting predominantly females (the
female/male ratio is 9:1) of a reproductive age [2]. The major pathogenic mechanisms
of SLE include an inappropriate immune response to the nucleic acid-containing cellular
particles, which impact different organ systems [3,4]. Clinical and epidemiological studies
suggest genetic factors, in addition to environmental insults, play an important role in SLE
pathogenesis [5–8].
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MicroRNAs are small non-coding RNAs that predominantly bind to the 3′-untranslated
region (3′-UTR) of target messenger RNAs (mRNAs) and then promote mRNAs degrada-
tion or inhibit translation [9]. Emerging studies have shown that they play important roles
in various immunological and autoimmune disorders, including SLE [10–12].

The miR-34a gene (MIR34A), located at the chromosome 1p36 locus, is an essential
modulator of the immune system [13,14]. It is widely expressed in immune cells, including
B cells and T cells, regulating their function, development, and survival [14]. By targeting
the Forkhead “Foxp1” transcription factor, miR-34a could inhibit B cell development at the
“pro-B cell” to “pre-B cell” transition, leading to a decline in mature B cells [13]. Furthermore,
it was implicated with other microRNAs in modulating the “T cell responses” process [14].
For example, miR-34a can directly target the diacylglycerol kinase zeta, and in turn, through
this signal pathway, lead to enhance T cell activity [15]. Moreover, targeting five members of
the protein kinase C family, miR-34a can regulate T cell migration and control cell signaling
via the immunological synapses downstream of the “T cell receptors” [16]. By modulating
the nuclear factor kappa B signaling in T cells, miR-34a can regulate T cell functions and
control several aspects of innate/adaptive immune functions [17].

The deregulated expression of miR-34a was observed in several autoimmune disorders
like multiple sclerosis [18] and rheumatoid arthritis (RA) [19], among others [14]. A recent
study by Xie and colleagues reported that miR-34a derived from peripheral blood mononu-
clear cells of SLE patients could play a putative role in disease activity, and its gene expression
levels were directly correlated with several disease indices, such as “erythrocyte sedimentation
rate, anti-streptolysin antibody, rheumatoid factor, and C-reactive protein” [20]. Furthermore,
by targeting Foxp3, miR-34a could limit Tregs differentiation with subsequent Tregs/Th17
cells imbalance and immune tolerance breakdown [20,21]. This suggests that miR-34a could
be a potential biomarker or a new potential target for SLE disease.

Single nucleotide polymorphisms (SNPs) are ubiquitous genetic variations at certain
nucleotide positions of the genome, implicated in several human disorders, including
immunological diseases [22]. Further, miRNAs expression can be affected by SNPs locating
in their coding genes with a subsequent change in several biological functions [23]. Earlier
studies have shown that individuals’ susceptibility to human diseases may be modified
by SNPs of the MIR34A gene, such as type 2 diabetes [24], ischemic stroke [25], and colon
cancer [26], among others. However, the association between MIR34A variants and SLE
susceptibility has not been reported before. In this sense, a common SNP in MIR34A
(rs2666433: A > G) was selected based on location, minor allele frequency, and previous
supporting reports. In the current case-control study, the authors aimed to investigate the
association of this specified variant with SLE susceptibility and severity. The identification
and characterization of such associations may highlight this variant’s role in disease
susceptibility and help develop novel genetic risk stratification for targeted screening and
management in the near future.

2. Materials and Methods

2.1. Study Subjects

A total of 326 adult participants (163 SLE patients and 163 controls) were recruited
in this case-control study. The consecutive SLE cases were enrolled from the “Rheumatol-
ogy and Nephrology Departments at the Suez Canal University (SCU) Hospitals, Ismailia,
Egypt”. Based on the updated SLE classification criteria specified by the 2019 European
League Against Rheumatism (EULAR)/American College of Rheumatology (ACR) classifi-
cation criteria for SLE [27], cases were diagnosed by experienced clinical Rheumatologist.
Patients with a history of other chronic/autoimmune disorders and cancers were excluded
from the study; the control group included 163 age- and sex-matched healthy blood donors
attending the blood bank in the same period with no history of chronic disorders, including
autoimmune diseases. Helsinki declarations were followed during work execution, and the
ethical committee of the Faculty of Medicine, SCU, approved the study (approval no. 4268).
Informed written consent was obtained from all participants before taking part in the study.
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2.2. Clinical Assessment

The demographic, clinical, and laboratory data were collected from all patients. Ac-
cording to disease activity, patients were classified into four groups, from mild to very
high activity based on the “SLE Disease Activity Index (SLEDAI) score” that classifies SLE
patients into i—No activity (SLEDAI = 0), ii—Mild activity (SLEDAI = 1:5), iii—Moderate
activity (SLEDAI = 6:10), iv—High activity (SLEDAI = 11:19), and v—Very high activity
(SLEDAI ≥ 20) [28]. According to the ACR criteria of lupus nephritis [27], patients were
divided into 93 patients with lupus nephritis and 70 SLE with no renal involvement.

2.3. Blood Sampling and Laboratory Evaluations

A total of five milliliters of peripheral venous blood was withdrawn from all par-
ticipants under aseptic condition and divided into two aliquots; 2 mL were collected on
EDTA tubes for hematological and genetic assessment, and 3 mL blood was collected on
serum separator tubes, which were subjected to centrifugation to separate serum for the
biochemical and immunological evaluations.

An automated hematology analyzer CELL-DYN 1700 (Abbott Diagnostics, Abbott
Park, IL, USA) was applied to evaluate the complete blood count (CBC) and complemented
by microscopic differential count examination. An automated biochemical analyzer Cobas
c501 (Roche Diagnostics, Manheim, Germany), was applied for liver and kidney function
evaluation as well as C-reactive protein (CRP) and complement proteins (C3 and C4)
estimations. The advanced Westergren method was run for erythrocyte sedimentation
rate (ESR) calculation. Anti-nuclear antibodies (ANA) and anti-double-stranded DNA
antibodies (Anti-dsDNA) were quantified using Bio-Rad technology through indirect
immunofluorescence assay (Bio-Rad Laboratories, Hercules, CA, USA). All the laboratory
tests and the quality control measurements were run according to the supplier protocols
and the local laboratory guidelines.

2.4. DNA Extraction and Purification

Genomic DNA was extracted and processed from the buffy coat of whole blood using
the QIAamp DNA extraction Mini kit for blood samples (Qiagen; Catalog #: 51104) accord-
ing to the manufacturer’s protocols. The concentration and purity of genomic DNA were
evaluated utilizing NanoDrop™ ND-1000 spectrophotometer (NanoDrop Technologies,
Inc., Wilmington, DE, USA).

2.5. Genotyping of MIR34A rs2666433 A > G Variant

Real-Time TaqMan allelic discrimination polymerase chain reaction (PCR) assay
(C_2800266_10) was run for detection of the specified study variant, as explained in detail
in our previous work (2020). Negative controls were run in each PCR experiment to en-
sure the absence of amplicon contamination. A StepOne Real-Time PCR System (Applied
Biosystems) was programmed as follows: an initial hold for 10 min (95 ◦C) followed by a
40-cycle two-step PCR (denaturation for 15 s at 95 ◦C and annealing/extension for 1 min at
60 ◦C). The SDS software version 1.3.1 (Applied Biosystems, Foster City, CA, USA) was
used for allelic discrimination data recall. Genotyping was performed by two persons in-
dependently blinded to case/control status. Ten percent of the randomly selected samples
were re-genotyped in separate runs to exclude the possibility of false genotype calls, with a
100% concordance rate for the results.

2.6. Functional Role of miRNA-34a in SLE Disease

The microRNAs involved in Systemic lupus erythematosus|hsa05322 pathway were
determined from mirPath v.3, a microRNA pathway analysis webserver (DIANA TOOLS-
mirPath v.3 (grnet.gr)); hsa-miR-34a-5p was the second after hsa-miR-16–5p that are highly
enriched in the SLE pathway. Next, microRNA gene targets were identified from TarBase
v7.0 (DIANA TOOLS-TarBase v7.0 (Athena-innovation.gr)). Their gene ontology and
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function were explored in STRING v11.0 (STRING interaction network (string-db.org))
(last accessed on 23 May 2021).

Validation of the role of miR-34a in SLE was screened in high-throughput experiments
stored in online data repositories. Data were retrieved for similar experiments on SLE from
the Gene Expression Omnibus (GEO) (Home-GEO-NCBI (nih.gov)) (last accessed on 23 May
2021) with microRNA seq analysis. Two datasets were available [GSE80183 and GSE72509],
and raw data were analyzed using GEO RNA-seq Experiments Interactive Navigator
(GREIN (ilincs.org)) (last accessed on 23 May 2021). and the comprehensive network visual
analytics platform for gene expression analysis NetworkAnalyst (www.networkanalyst.ca)
(last accessed on 23 May 2021). In the first experiment, 117 RNA-seq of SLE whole blood
and healthy controls and patients were stratified according to their autoantibody status. In
the second experiment, 12 SLE patients were segregated into three groups based on the
presence of autoantibodies against (i) dsDNA only (ii) ENA (extractable nuclear antigens)
only, or (iii) both compared to 4 control samples.

2.7. Selection of the Study Genetic Variant of MIR34A Gene

MIR34A gene encodes for a single primary transcript with one exon that encloses
32 variant alleles. However, they were very rare (<0.001). In dbSNP version 135, we
identified a common SNP rs2666433 caused due to point mutation substituting A with
G. The minor allele frequency (MAF) was 0.259 (according to 1000Genome project), 0.191
(according to TOPMED project), and 0.30 (according to HapMap). The rs2666433 polymor-
phism is located at 1:9213177 (chromosome 1p36.22) 2KB upstream to the MIR34A gene
and overlaps the first intron of the MIR34A host gene (MIR34AHG) (position 28889 of
30171: −1283 upstream to the splicing site). Despite being predicted to be a benign variant,
it was previously reported to be associated with human diseases [25,26].

2.8. Statistical Analysis

Statistical analysis was performed by GraphPad Prism v9.0 and Statistical Package for
Social Science (version 27.0). The Shapiro–Wilk test was applied to assess the normality
of continuous variables, then analyzed by the Kruskal-Wallis or Mann–Whitney U tests
(if non-parametric) or the One-Way ANOVA or Student’s t-test (if parametric). Genotype
and allele frequencies were estimated as previously described, and SNPstats software was
applied [29]. Genotypes and alleles distribution of rs2666433 in different populations were
compared from the Ensemble database (ensemble.org) (last accessed on 23 May 2021).
Hardy–Weinberg equilibrium (HWE) testing and categorical variables comparison were
preceded by a two-sided Chi-Square test. Logistic regression was used for evaluating
the association between miR-34a polymorphisms and SLE disease risk, and odds ratio
(OR), 95% confidence interval (CI), and p-values were adjusted by age and sex; p < 0.05
indicated statistical significance. The principal component analysis was plotted using R
packages. The power calculation was performed by the G*Power version 3.1.9.2. Under the
parameters of α error probability = 0.05, total sample size (326; each case/control subgroup
= 163), and calculated effect size = 0.288, the study has 99% statistical power to identify a
convincing association between the rs2666433 variant and SLE risk.

3. Results

3.1. Characteristics of the Study Population

This case-control study included 163 SLE patients (147 females and 16 males) and
163 controls (148 females and 15 males). Their mean age was 35.6 ± 9.6 years for patients
and 35.8 ± 9.9 years for controls. The characteristics of the study population are demon-
strated in Table 1. Females represented 90% of the SLE population. Positive family history
(history of rheumatic diseases and/or autoimmune diseases as SLE, RA, autoimmune
thyroid disease, diabetes mellitus type 1, inflammatory bowel disease, and psoriasis) was
identified in 35% of patients. Almost 49% of patients presented with arthritis/arthralgia
symptoms, CNS manifestations (25%), and peripheral neuropathy (42%). According to the
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SLEDAI score, patients were divided into four groups: 7.4% Grade 1, 30% Grade 2, 34%
Grade 3, and 23% Grade 4.

Table 1. Baseline characteristics of SLE patients.

Characteristics n = 163

Demographics
Sex Male 16 (9.8)

Female 147 (90.2)
Family history Negative 105 (64.4)

Positive 58 (35.6)
Clinical manifestations

Organ involvement Malar rash 109 (66.9)
Discoid rash 77 (47.2)

Photosensitivity 61 (37.4)
Hair loss 129 (79.1)
Oral ulcer 46 (28.2)
Arthritis 81 (49.7)

Ecchymosis 19 (11.7)
Fever 30 (18.4)

Infection 26 (16)
Dyspnea 68 (41.7)

Chest pain 35 (21.5)
Cough 35 (21.5)
CNS 41 (25.2)

Peripheral neuropathy 70 (42.9)
Lupus nephritis 98 (60.1)

Hematuria 56 (34.4)
Weight loss * 76 (46.6)

Severity
SLEDAI score Mean ± SD 15.97 ± 9.82

Grade 1 12 (7.4)
Grade 2 50 (30.7)
Grade 3 56 (34.4)
Grade 4 45 (27.6)

Markers for severity and kidney damage Hypocomplementemia 47 (28.8)
Elevated inflammatory markers 67 (41.1)

High S. creatinine 72 (44.2)
Casts in urine 29 (17.8)

Proteinuria 92 (56.4)
Thrombocytopenia 5 (3.1)

Laboratory data
Autoantibodies Positive dsDNA 147 (90.2)

Positive ANA titer 162 (99.4)
Biochemical tests Hemoglobin (g/dL) 11.66 ± 2.89

RBC (×106 per mm3) 4.09 ± 0.74
HCT (%) 38.18 ± 6.05
MCV (fl) 81.42 ± 6.36

Platelet count (×103/mm3) 264.51 ± 77.59
WBC (×103 /uL) 6.58 ± 2.22
Neutrophil (%) 63.30 ± 10.46

Lymphocyte (%) 30.01 ± 9.66
C3 (mg/dL) 95.52 ± 47.86
C4 (mg/dL) 27.94 ± 15.62
CRP (mg/L) 2.95 ± 2.89

ESR 1st h 26.84 ± 13.58
ALT (U/L) 26.61 ± 9.62
AST (U/L) 26.50 ± 8.48

Serum creatinine (mg/dL) 1.18 ± 1.19
Blood urea (mg/dL) 35.11 ± 11.86

Values are shown as number (%) or mean and standard deviation. Positive family history: history of rheumatic
diseases and/or autoimmune diseases as SLE, RA, autoimmune thyroid disease, diabetes mellitus type 1,
inflammatory bowel disease, and psoriasis), *: “Unintentional weight loss of >5% of body weight over 6–12
months” [8]. CNS: the central nervous system; SLEDAI: Systemic Lupus Erythematosus Disease Activity
index; dsDNA: Double-stranded deoxyribonucleic acid; ANA: Anti-nuclear antibody; RBC: red blood cell; HCT:
hematocrit; MCV: mean cell volume; WBC: white blood cell; C3/4, complement 3/4; CRP: C—reactive protein;
ALT: alanine transaminase; AST: aspartate transaminase.
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Comparison between patients with different disease activities is illustrated in Table 2.
As expected, oral ulcers presented in 44% of patients within grade 4 (p = 0.043), while lupus
nephritis was more prevalent in patients within grades 3 and 4 (60% and 82%, respectively)
(p < 0.001). In addition, significant differences regarding casts in urine and proteinuria
were evident (p > 0.001).

Table 2. Characteristics of SLE patients according to their disease activity.

Characteristics
Grade 1
(n = 12)

Grade 2
(n = 50)

Grade 3
(n = 56)

Grade 4
(n = 45)

p-Value

Demographics
Age, years Median (quartiles) 27.5 (26–38) 35 (30–43.5) 36 (29.8–43.3) 36 (30.3–42.8) 0.43

Sex
Male 1 (8.3) 4 (8) 5 (8.9) 6 (13.3) 0.82

Female 11 (91.7) 46 (92) 51 (91.1) 39 (86.7)

Family history Negative 6 (50) 36 (72) 36 (64.3) 27 (60) 0.43
Positive 6 (50) 14 (28) 20 (35.7) 18 (40)

Clinical
manifestations

Organ involvement

Malar rash 10 (83.3) 35 (70) 38 (67.9) 26 (57.8) 0.33
Discoid rash 5 (41.7) 21 (42) 28 (50) 23 (51.1) 0.77

Photosensitivity 5 (41.7) 18 (36) 20 (35.7) 18 (40) 0.95
Hair loss 11 (91.7) 39 (78) 49 (87.5) 30 (66.7) 0.05
Oral ulcer 3 (25) 11 (22) 12 (21.4) 20 (44.4) 0.043
Arthritis 5 (41.7) 23 (46) 33 (58.9) 20 (44.4) 0.39

Ecchymosis 1 (8.3) 6 (12) 10 (17.9) 2 (4.4) 0.21
Fever 1 (8.3) 15 (30) 9 (16.1) 5 (11.1) 0.07

Infection 2 (16.7) 8 (16) 9 (16.1) 7 (15.6) 1.00
Dyspnea 8 (66.7) 20 (40) 22 (39.3) 18 (40) 0.34

Chest pain 2 (16.7) 7 (14) 20 (35.7) 6 (13.3) 0.016
Cough 6 (50) 8 (16) 16 (28.6) 5 (11.1) 0.011
CNS 4 (33.3) 13 (26) 15 (26.8) 9 (20) 0.76

Peripheral neuropathy 7 (58.3) 20 (40) 25 (44.6) 18 (40) 0.67
Lupus nephritis 3 (25) 24 (48) 34 (60.7) 37 (82.2) <0.001

Hematuria 5 (41.7) 17 (34) 20 (35.7) 14 (31.1) 0.91
Weight loss * 6 (50) 25 (50) 24 (42.9) 21 (46.7) 0.90

Severity

Markers for severity
and Kidney damge

Hypocomplementemia 3 (25) 15 (30) 13 (23.2) 16 (35.6) 0.58
Elevated Inflammatory markers 7 (58.3) 23 (46) 21 (37.5) 16 (35.6) 0.42

High S. creatinine 1 (8.3) 18 (36) 28 (50) 25 (55.6) 0.013
Casts in urine 1 (8.3) 1 (2) 10 (17.9) 17 (37.8) <0.001

Proteinuria 1 (8.3) 21 (42) 34 (60.7) 36 (80) <0.001
Thrombocytopenia 1 (8.3) 1 (2) 1 (1.8) 2 (4.4) 0.59

Laboratory data

Autoantibodies
Positive dsDNA 8 (66.7) 41 (82) 54 (96.4) 44 (97.8) 0.001

Positive ANA titer 12 (100) 49 (98) 56 (100) 45 (100) 0.52

Biochemical tests

Hemoglobin (g/dL) 11.5 (10.6–13.1) 11.2 (10.4–12.1) 11.4 (10.7–12.3) 11.2 (10.4–12.9) 0.87
RBC (×106 per mm3) 3.9 (3.6–4.3) 4 (3.6–4.5) 4.2 (3.8–4.6) 4.1 (3.7–4.5) 0.42

HCT (%) 39 (30.5–41) 38 (34–41) 39 (33–42) 39 (36.3–42) 0.52
MCV (fl) 81.8 (77–89.3) 80 (76–88) 82 (80.3–87) 79.5 (77–87) 0.56

Platelet count (×103 per mm3) 227 (179.5–261) 248 (211.5–321) 239.5 (212–325) 268.5 (201–320) 0.50
WBC (x103 /uL) 6.4 (4.1–7.6) 6.5 (5.3–7.7) 7 (5–7.9) 6.1 (5.3–7.7) 0.62
Neutrophil (%) 70.5 (57–71) 66 (56–71) 66 (54.8–70) 65 (59–70.8) 0.86

Lymphocyte (%) 27 (23–35) 29 (22–35.5) 31.5 (22–39) 30 (26–34.5) 0.65
C3 (mg/dL) 89.5 (83–120.3) 88 (50–123) 91.5 (50–123) 122 (93–138) 0.003
C4 (mg/dL) 35 (27–41.5) 25 (9–37) 32.5 (8.8–42.3) 37 (23–43) 0.028
CRP (mg/L) 2.9 (1.5–3.9) 2.1 (1.7–3.4) 2.8 (1.4–3.7) 2.5 (1.8–3.2) 0.81

ESR 1st h 26 (20.8–33) 23 (16.5–36) 23 (19–33) 21 (15.3–30) 0.31
ALT (U/L) 28.5 (22.3–30) 28 (19.5–33) 29 (19–33.5) 27.5 (17.3–33) 0.99
AST (U/L) 25 (23.3–33.8) 28 (22–34) 27 (19.8–33) 24 (15.3–33) 0.26

Serum creatinine (mg/dL) 1 (0.8–1.2) 1.1 (0.9–1.2) 0.9 (0.7–1.1) 1 (0.8–1.3) 0.022
Blood urea (mg/dL) 36 (29–41.8) 33 (29–39) 33 (29–42) 33 (28–40) 0.80

Values are shown as number (%) or median quartiles. Chi-square and Student t-tests were used. Positive family history: history of
rheumatic diseases and/or autoimmune diseases as SLE, RA, autoimmune thyroid disease, diabetes mellitus type 1, inflammatory bowel
disease, and psoriasis), *: “Unintentional weight loss of >5% of body weight over 6–12 months” [8]. Bold values indicate statistically
significant p-value < 0.05. CNS: central nervous system; dsDNA: Double-stranded deoxyribonucleic acid; ANA: Anti-nuclear antibody;
RBC: red blood cell; HCT: hematocrit; MCV: mean cell volume; WBC: white blood cell; C3/4, complement 3/4; CRP: C—reactive protein;
ESR: erythrocyte sedimentation rate; ALT: alanine transaminase; AST: aspartate transaminase.
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3.2. Role of miRNA-34a in SLE Disease

As depicted in Figure 1A, miR-34a-5p has 27 experimentally validated gene tar-
gets in SLE KEGG pathway (hsa05322|Adj p-value = 2.4 × 10−7, including several hi-
stone variants, RNA-binding proteins, and immune response-related genes (Table S1).
Validation of miR-34a expression in two independent SLE cohorts from online GEO
datasets revealed microRNA upregulation in patients compared to controls (Figure 1B). In
GSE80183, miR-34a was upregulated in patients with anti-dsDNA (FC = 1.04, p = 0.017),
anti-ENA (FC = 1.133, p = 0.015), and both anti-dsDNA and anti-ENA (FC = 1.016,
p = 0.039) in comparison with healthy individuals. In GSE72509, relative expression
was 0.579 (p = 11.7 × 10−7) and 0.538 (p = 18.6 × 10−6) in patients with high anti-Ro and
moderate anti- Ro, and 0.514 (p = 11.8 × 10−8) in patients with high Interferon Signature
Metric (ISM) compared to controls.

Figure 1. SLE is an autoimmune disease characterized by augmented self-antigen specific auto-antibodied production
that contribute to a pleotropic clinical presentation. (A) MicroRNA-34a is significantly enriched in the SLE pathway.
Gene targets of miR-34a were labeled in red bold-colored boxes in the SLE KEGG pathway (hsa05322) [30]. MiR-34a
target genes code for different histone family members (i.e., H2A, H2B, H3, and H4) that are implicated in tolerance
mechanism/autoantigen clearance and the “major histocompatibility complex class II (MHCII)”, which plays an essential
role in antigen presentation [31]. All the stages of antigen processing and autoantibodies generation lead to tissue injury
and end-organ damage (left panel) [32]. More detail for gene names and functions are provided in Table S1. Data source:
Diana Lab tools (DIANA TOOLS-Reverse Mirpath (grnet.gr) (last accessed on 25 May 2021). (B) The expression level
of the MIR34A gene in SLE patients in independent cohorts from Gene Expression Omnibus datasets (GSE80183 and
GSE72509), Anti-Ro: a type of RNA-binding proteins; ISM: Interferon Signature Metric; dsDNA: double-stranded DNA;
ENA: extractable nuclear antigens (RNAassociated proteins) [33,34].

3.3. MIR34A rs2666433 Genotype and Allelic Frequencies

The HWE among controls was in line with observed equilibrium (p = 0.21). The A
allele of the rs2666433 variant was 0.39 among patients with SLE compared to 0.49 among
controls, while the G allele frequency was 0.61 among patients vs. 0.51 in healthy controls
(p = 0.014) (Figure 2B). The most predominant genotype among patients with SLE was G/G
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genotype (42%), while the most frequent genotype among controls was the G/A genotype
(45%) (Figure 2C).

Figure 2. Genotype and allele frequencies of MIR34A rs2666433 (A/G) polymorphism. (A) Genomic location and allele
frequencies of rs2666433 variant. Data source: (Ensembl.org) (last accessed on 25 May 2021). (B) Allele frequency in the
current study. (C) Genotype frequency in the current study. Values are shown as a percentage. A Chi-square test was used.
p-value < 0.05 was considered as statistically significant. The p-value for Hardy–Weinberg equilibrium is 0.21.

3.4. Association of MIR34A rs2666433 Variant with SLE Development

Upon adjusting the covariates; age and sex, the MIR34A rs2666433 polymorphism
conferred a protection against developing SLE under several genetic models, including
heterozygous [A/G versus G/G; OR = 0.57, 95%CI =0.34–0.95], homozygous [A/A vs.
G/G; OR = 0.52, 95%CI = 0.29–0.94], dominant [A/G + A/A vs. GG; OR = 0.55, 95%CI
= 0.35–0.88], and log-additive [OR = 0.71, 95%CI = 0.53–0.95] models (Table 3). When
genotyping data stratified by sex, the study variant showed significant association with
SLE development in female participants compared to males under heterozygous model
(OR = 0.45, 95%CI = 0.26–0.77) and homozygous model (OR = 0.39, 95%CI = 0.21–0.74)
(p-interaction was 0.004) (Table 4).

3.5. Association of MIR34A rs2666433 Variant with Clinic-Laboratory Variables

Table 5 indicates that among A/A carriers there were a higher proportion of pho-
tosensitive patients (p = 0.002), experiencing weight loss (p = 0.011), anemia (p = 0.005),
lymphopenia (p = 0.048), and raising blood urea (p = 0.034), in comparison to A/G and
G/G carriers.
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Table 3. Risk of systemic lupus erythematosus by genetic association models of miR-34a rs2666433
(A/G) genotypes.

Model Genotype
Controls
(n = 163)

Cases
(n = 163)

Adjusted OR
(95% CI)

p-Value

Codominant G/G 47 (28.8%) 68 (41.7%) 1.00 0.041
A/G 73 (44.8%) 62 (38%) 0.57 (0.34–0.95)
A/A 43 (26.4%) 33 (20.2%) 0.52 (0.29–0.94)

Dominant G/G 47 (28.8%) 68 (41.7%) 1.00 0.012
A/G-A/A 116 (71.2%) 95 (58.3%) 0.55 (0.35–0.88)

Recessive G/G-A/G 120 (73.6%) 130 (79.8%) 1.00 0.18
A/A 43 (26.4%) 33 (20.2%) 0.70 (0.42–1.18)

Over dominant G/G-A/A 90 (55.2%) 101 (62%) 1.00 0.21
A/G 73 (44.8%) 62 (38%) 0.75 (0.48–1.17)

Log-additive — — — 0.71 (0.53–0.95) 0.02

Values are shown as numbers (%). A chi-square test was used. OR (95% CI), odds ratio, and 95% confidence
interval. Bold values indicate statistically significant p-value < 0.05. Adjusted covariates were age and sex.

Table 4. Stratified analysis by sex for genotype frequencies between cases and controls.

SNP Females Males

Controls
n

Cases
n

Adjusted OR
(95% CI)

Controls
n

Cases
n

Adjusted OR
(95% CI)

G/G 38 65 1.00 9 3 1.00

A/G 69 54 0.45 (0.26–0.77) 4 8 5.85
(0.99–34.62)

A/A 41 28 0.39 (0.21–0.74) 2 5 7.19
(0.88–58.93)

Values are shown as numbers (N). Chi-square and Fisher exact tests were applied. OR (95% CI): odds ratio
and confidence interval. Bold values indicate statistically significant p-value < 0.05. Adjusted OR with age.
p-interaction was 0.004.

Table 5. Association between miR-34a rs2666433 (A/G) genotypes and the clinic-laboratory variables.

Total A/A A/G G/G p-Value

Total number 163 33 62 68
Early onset 112 20 (60.6) 41 (66.1) 51 (75) 0.29

Female 147 28 (84.8) 54 (87.1) 65 (95.6) 0.13
Positive FH 58 7 (21.2) 31 (50) 20 (29.4) 0.008
Severe stage 44 10 (30.3) 15 (24.2) 19 (27.9) 0.79

Organ involvement
Malar rash 109 18 (54.5) 41 (66.1) 50 (73.5) 0.16

Discoid rash 77 12 (36.4) 26 (41.9) 39 (57.4) 0.08
Photosensitivity 61 21 (63.6) 19 (30.6) 21 (30.9) 0.002

Hair loss 129 27 (81.8) 48 (77.4) 54 (79.4) 0.87
Oral ulcer 46 9 (27.3) 19 (30.6) 18 (26.5) 0.86
Arthritis 81 9 (27.3) 37 (59.7) 35 (51.5) 0.010

Ecchymosis 19 4 (12.1) 9 (14.5) 6 (8.8) 0.59
Fever 30 3 (9.1) 12 (19.4) 15 (22.1) 0.28

Infection 26 4 (12.1) 9 (14.5) 13 (19.1) 0.61
Dyspnea 68 18 (54.5) 27 (43.5) 23 (33.8) 0.13

Chest pain 35 7 (21.2) 15 (24.2) 13 (19.1) 0.78
Cough 35 4 (12.1) 15 (24.2) 16 (23.5) 0.34
CNS 41 12 (36.4) 12 (19.4) 17 (25) 0.19

Peripheral neuropathy 70 18 (54.5) 27 (43.5) 25 (36.8) 0.23
Hematuria 56 9 (27.3) 17 (27.4) 30 (44.1) 0.08

Renal injury 93 22 (66.7) 32 (51.6) 39 (57.4) 0.36
Weight loss * 76 23 (69.7) 24 (38.7) 29 (42.6) 0.011

Laboratory test
Hemoglobin (g/dL) 10.97 ± 2.08 12.54 ± 4.03 11.08 ± 1.33 0.005
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Table 5. Cont.

Total A/A A/G G/G p-Value

RBC (×106/mm3) 3.81 ± 1.25 4.31 ± 0.62 3.94 ± 0.60 0.004
HCT (%) 38.21 ± 7.01 39.15 ± 5.69 37.01 ± 5.76 0.13
MCV (fl) 80.85 ± 6.20 82.63 ± 5.82 80.78 ± 6.79 0.20

Platelet count (×103 per mm3) 292.21 ± 94.31 255.84 ± 69.54 257.40 ± 72.93 0.06
WBC (×103 /uL) 6.99 ± 2.06 6.35 ± 1.94 6.51 ± 2.52 0.41
Neutrophil (%) 66.42 ± 10.49 62.35 ± 10.70 63.00 ± 9.89 0.17

Lymphocyte (%) 26.61 ± 10.45 31.87 ± 10.41 30.44 ± 9.03 0.048
C3 (mg/dL) 100.63 ± 56.09 94.31 ± 39.65 94.69 ± 52.05 0.81
C4 (mg/dL) 24.63 ± 16.29 28.22 ± 13.50 29.44 ± 16.64 0.33
CRP (mg/L) 2.48 ± 1.14 2.56 ± 1.27 3.43 ± 4.16 0.14
ALT (U/L) 25.09 ± 10.88 28.11 ± 9.83 25.93 ± 8.57 0.26
AST (U/L) 24.30 ± 8.60 29.02 ± 8.99 26.18 ± 8.33 0.030

Serum creatinine (mg/dL) 1.39 ± 1.85 1.07 ± 0.73 1.15 ± 1.11 0.44
Blood urea (mg/dL) 39.01 ± 19.71 35.40 ± 10.30 32.58 ± 6.63 0.034

Early onset: Age at diagnosis <40 years, severe Stage: SLEDAI score > 6. A chi-square test was used for frequency
comparison. Analysis of variance (ANOVA) test is applied for data presented as mean ± SD between different
subgroups. *: “Unintentional weight loss of >5% of body weight over 6–12 months” [8]. Bold values indicate
statistically significant p-value < 0.05. Positive family history: family history of rheumatic diseases and/or
autoimmune diseases as SLE, RA, autoimmune thyroid disease, diabetes mellitus type 1, inflammatory bowel
disease, and psoriasis); CNS: the central nervous system; RBC: red blood cell; HCT: hematocrit; MCV: mean cell
volume; WBC: white blood cell; C3/4, complement 3/4; CRP: C—reactive protein; ALT: alanine transaminase;
AST: aspartate transaminase.

3.6. Impact of MIR34A rs2666433 Variant on the Disease Activity Index

The principal component analysis for data exploration showed no clear demarcation
between SLE patients carrying different genotypes regarding the disease activity index
(Figure 3A). Moreover, the study variant genotypes showed no significant association with
SLEDAI upon stratifying patients according to the presence or absence of lupus nephritis
(p = 0.29 and = 0.55, respectively) (Figure 3B).

Figure 3. Impact of MIR34A rs2666433 (A/G) variant on disease activity index. (A) The principal component analysis for
data exploration showed no clear demarcation between patients with different genotypes. (B) Box plots in SLE with and
without nephritis show no significant difference in SLE disease activity index (SLEDAI).
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4. Discussion

Accumulating evidence indicates that a “dose-dependent combination” of susceptibil-
ity genes, estrogenic hormones, immunological and environmental factors are involved
in lupus etiopathology [35–37]. Unraveling the genetic/epigenetic contribution to SLE
pathogenesis will pave the road to personalized medicine [38].

The microRNA family of non-coding RNAs has been implicated in immune system
homeostasis, and its genetic variants and gene signature deregulation are associated with
several immunological disorders, including SLE [32,39–42]. The present study identified
for the first time that MIR34A rs2666433 A/A and A/G genotypes are less likely to develop
SLE in the study population. On searching the national library of medicine (https://www.
ncbi.nlm.nih.gov/snp/?term=rs2666433) (last accessed on 23 May 2021), there are only
two rs2666433-related studies; one relates this specified variant with ischemic stroke in the
Chinese population [25], and another publication explored the impact of this variant on
CRC risk [26]. Sun and colleagues reported that this variant might impact the binding of
several transcription factors to promoter elements of this gene [24] that results in a change
of the type of activated/suppressed gene targets. Indeed, Wei and colleagues reported
that “patients with ischemic stroke carrying A/A genotype had a higher level of transcript
levels than carriers of G/G and G/A genotypes” [25], suggesting that this variant may
impact gene expression level. The exact molecular mechanism(s) by which the rs2666433
variant implicated in SLE pathogenesis will need further functional analyses to unleash the
relation of this SNP to SLE risk.

On searching “HaploReg V4.1: an online tool for exploring annotations of the non-
coding genome (https://pubs.broadinstitute.org/mammals/haploreg/haploreg.php) (last
accessed on 27 May 2021) [43] to predict the impact of rs2666433 SNP, we found that
it is in linkage disequilibrium (r2 ≥ 0.8) with other variants present in chromosome 1
(i.e., rs34196792, rs113390912, rs34174278, and rs34619897), and can influence the Ets,
peroxisome proliferator-activated receptor (PPAR), and the paired box-4 (Pax-4) DNA
motifs (Table S2). Dysregulation of the specified transcriptional factors and/or their
binding to these motifs was associated with autoimmune disorders in previous reports,
including SLE susceptibility and pathogenesis [44–46]. For example, Ets1 has been reported
to regulate lymphocyte/plasma cell differentiation, B cell tolerance to self-antigens, and
autoantibodies/cytokine production [44], PPARγ was implicated in the regulation of
the inflammatory signal initiated by CD40/CD40L activation [44], and PAX4 expression
signature was identified in the differentially expressed significant probes of peripheral cells
samples in patients with SLE and/or vasculitis [47].

Furthermore, our in silico analysis confirmed the implication of miR-34a in the SLE
pathway (Figure 1 and Table S1) by targeting several genes coding for different histone
family proteins, RNA-binding proteins, including the spliceosome small nuclear ribonu-
cleoproteins, and several immune response-related proteins as CD86, CD40, and HLA
class II histocompatibility antigen; DM alpha chain (Table S1). The functional roles of
these target genes could support the significant association of the studied variant with SLE
development and other phenotypic features observed in the present study.

Interestingly, when genotyping data stratified by sex, the rs2666433 variant showed
significant association with SLE development in female participants compared to males
under heterozygous and homozygous genetic models. Apart of the predominance of
female gender among SLE participants in the present study and previous ones [8,48],
estrogen has been reported to stimulate the secretion of pro-inflammatory cytokines such
as “interleukin-17 and interferon-α”, which are implicated in SLE etiopathology, either
through “the modification of key transcription factors in inflammation or through the
regulation of miRNA expression” [49]. Several microRNAs were identified to be dys-
regulated in SLE under the influence of estrogen, such as miR-146a, miR-155, miR-125a,
miR-181a/b, and miR-21 [49–52]. Future in vivo and in vitro studies are recommended
to investigate whether miR-34a gene signature/variants in SLE could be influenced by
estrogen to confirm the current finding.
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Although overall analysis and stratified analysis by presence/absence of lupus nephri-
tis demonstrated an insignificant association of the rs2666433 variant with disease severity,
it showed significant association with some clinical features, including arthritis. Interest-
ingly, Kurowska–Stolarska et al. reported that miR-34a could be an “epigenetic regulator”
of the dendritic cells-mediated arthritis in patients with RA through tyrosine kinase recep-
tor (AXL) downregulation and auto-reactive T cells activation [19]. Moreover, in vitro study
has implicated miR34a in osteoarthritis synovial cell apoptosis via regulation of TGIF2 [53].
Furthermore, Zhang et al. uncovered the essential role of the long non-coding RNA “UFC1”
in the osteoarthritis-associated chondrocyte survival through miR-34a sponging [54]. In
addition, MiR-34a was reported to promote “Fas-mediated cartilage endplate chondrocyte
apoptosis” by targeting Bcl-2 [55]. Taken together, all these studies highlight the important
role of miR-34a could play in several types of arthritis, and hence the miR-34a-related
variant could be associated with arthritis and other phenotypic features (such as photosen-
sitivity and weight loss) according to the type of miR-34a target genes/molecular pathways
dysregulated.

Regarding the laboratory variables, we found that among A/A carriers there were a
higher proportion of patients experiencing anemia, lymphopenia and raising blood urea,
in comparison to A/G and G/G carriers. As mentioned above, allele A substitution to
allele G has been found to disrupt several transcriptional factor-binding DNA motifs with
subsequent change in the type of deregulated genes. In this sense, the presence of double
dose of allele “A” as an AA genotype might promote and impact the expression of gene set
which differs from that expressed or affected by AG and/or GG genotypes.

It is worth noting that besides the current gene variant, additional contributing ge-
netic/epigenetic and environmental factors play essential roles in SLE etiopathology. Fur-
thermore, this study is limited by the relatively small sample size from which an association
conclusion could be drawn. The exploratory nature of the study design also lacks the
follow-up of patients and inability to unravel the molecular mechanism(s) by which the
current variant could impact the disease. In this sense, future longitudinal confirmatory
studies in large-scale cohorts, including functional experiments are required to decipher
the biological significance of the MIR34A (rs266643 A > G) variant in SLE.

5. Conclusions

The present study revealed higher occurrence of MIR34A (rs266643) GG genotype
carriers in SLE cohort of the present population rather than the AG/AA genotypes. Further
large-scale studies supported by functional analyses on different ethnicities are highly
recommended to explore the genotype-phenotype association details of this variant.
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Abstract: Systemic lupus erythematosus (SLE) is a chronic autoimmune disorder that has detrimental
effects on patient’s health-related quality of life (HRQoL). Owing to its immense heterogeneity
of symptoms and its complexity regarding comorbidity burden, management of SLE necessitates
interdisciplinary care, with the goal being the best possible HRQoL and long-term outcomes. Current
definitions of remission, low disease activity, and response to treatment do not incorporate self-
reported patient evaluation, while it has been argued that the physician’s global assessment should
capture the patient’s perspective. However, even the judgment of a very well-trained physician might
not replace a patient-reported outcome measure (PROM), not only owing to the multidimensionality
of self-perceived health experience but also since this notion would constitute a direct contradiction to
the definition of PROMs. The proper use of PROMs is not only an important conceptual issue but also
an opportunity to build bridges in the partnership between patients and physicians. These points of
consideration adhere to the overall framework that there will seldom be one single best marker that
helps interpret the activity, severity, and impact of SLE at the same time. For optimal outcomes, we
not only stress the importance of the use of PROMs but also emphasize the urgency of adoption of the
conception of forming alliances with patients and facilitating patient participation in surveillance and
management processes. Nevertheless, this should not be misinterpreted as a transfer of responsibility
from healthcare professionals to patients but rather a step towards shared decision-making.

Keywords: systemic lupus erythematosus; patient-reported outcomes; patient perspective; health-
related quality of life; shared decision; person-centred care

1. Introduction

Systemic lupus erythematosus (SLE) is a chronic autoimmune disorder that has detri-
mental effects on a patient’s health-related quality of life (HRQoL) [1]. It is widely known
that SLE is a rheumatic condition that is challenging to diagnose and treat, mainly owing to
its immense heterogeneity of clinical symptoms and complexity with regard to comorbidity
burden, often necessitating interdisciplinary care, with the goal being the best possible
quality of life and long-term outcomes [2,3]. With the premise that preventing is better
than restoring, early diagnosis and treatment initiation is imperative [4], a need of partic-
ular urgency given that up to 10% of SLE patients develop life-threatening conditions or
complications, such as end-stage kidney disease [5,6]. Patient-reported outcome measures
(PROMs) receive increasing attention within the lupus research community, especially
PROMs addressing HRQoL [7]. Even though this signifies a shift of the current paradigm
towards increasing patient participation in their care, more distance has to be bridged
before PROMs are an integral part of the evaluation in clinical practice.
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2. PROMs in the Treat-to-Target Context

Remission of systemic symptoms and organ manifestations was identified by the
treat-to-target for SLE initiative (T2T/SLE) as one of the most important targets in the
management of patients with SLE [8]. Several definitions of remission were used in clinical
trials and observational studies of SLE [9]. The Definitions Of Remission In SLE (DORIS) is
an international task force consisting of expert rheumatologists, nephrologists, dermatol-
ogists, clinical immunologists, and patient representatives, who jointly proposed a set of
remission definitions in response to the T2T/SLE research agenda [10]. Later, the group
decided on one prevailing remission definition that incorporated a physician-reported
global assessment (PhGA), the SLE Disease Activity Index 2000 (SLEDAI-2K) [11] after
suppression of the serological descriptors (anti-double-stranded (ds)DNA and complement
levels), the current daily glucocorticoid dose, and restrictions regarding medication al-
lowance. Practically, however, some patients’ individual situations make it hard for them to
achieve this stringent target. In such cases, one should aim for low disease activity (LDA).
Again, several definitions of LDA have been proposed in the literature, with the Lupus
Low Disease Activity State (LLDAS) [12] being the most commonly used.

In addition, several recent clinical trials of SLE have used composite indices to define
response to treatment, e.g., the SLEDAI Responder Index (SRI) [13] or the British Isles Lupus
Assessment Group (BILAG)-based Combined Lupus Assessment (BICLA) [14]. Notably,
none of the proposed definitions of remission, LDA, or response to treatment incorporate
self-reported patient evaluation, which may constitute a pitfall of the definitions. Indeed,
the DORIS task force discussed the issue of the non-inclusion of a PROM and partwise
argued that the PhGA should incorporate the patient’s perspective by paying careful at-
tention to the patient’s symptoms and experience [15]. However, even the judgment of a
very well-trained physician might not replace a PROM, not only owing to the multidimen-
sionality of patient-perceived health experience (Figure 1), but also since this notion would
constitute a direct contradiction to the definition of a PROM; patient-reported outcomes are
directly recorded by patients, without interpretation by their clinicians, and are additional
markers in the assessment of treatment impact [16,17]. In the definition of remission in
rheumatoid arthritis (RA), the patient’s global assessment (PtGA) was chosen as one of
the four Boolean criteria because of its ability to show a large sensitivity to change and its
discriminatory validity between active drug and placebo in clinical trials [15]. However, it
is not easy to address the question of whether PtGA is an ideal PROM to complement the
current definition of remission. In fact, a debate has been ongoing for a decade with regard
to the appropriateness of PtGA to be included in the remission definition in RA, at least
with the currently used cut-offs, since substantial proportions of patients score their disease
activity higher than their rheumatologists [18–20]. Due to the lack of evidence-based alter-
natives to PtGA, a summary report of an Outcome Measures in Rheumatology (OMERACT)
interest group recently stated that currently, no better tools for representing the patients’
perspective are available, thus the definition should be kept as is [21]. It is, however, worth
noting that the differences in heterogeneity and complexity between SLE and RA are also
reflected in discrepant longitudinal patterns of self-reported health experience [22] and
direct comparisons or extrapolations of psychometric properties of PROMs between the
two diseases may be misleading.

The issue of imperfect agreement in the perception of disease severity between patients
and physicians was also addressed in the field of SLE. While LDA is coupled with an
overall favorable HRQoL experience, at least when assessed with the LLDAS [23], results
from other investigations are conflicting. One study used a Systemic Lupus Activity
Questionnaire (SLAQ) score < 6 as the cut-off for LDA as perceived by the patients and
found that only one-quarter of patients who were classified as being in LLDAS fulfilled
the definition of SLAQ score < 6 [24]. In the same study, Medical Outcomes Survey Short
Form 36 (SF-36) component summary scores and Functional Assessment of Chronic Illness
Therapy Fatigue scale (FACIT-F) scores were higher among patients in LLDAS who reported
SLAQ scores < 6 than among patients in LLDAS who reported SLAQ scores ≥ 6 [24].
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This not only underscores that the physician’s perspective does not entirely represent
the patient’s perception of HRQoL, but also highlights that LLDAS alone may not be a
sufficient target in the management of people with SLE. The inclusion of HRQoL measures
in treatment evaluation processes was supported by the T2T statements and received
additional weight through findings indicating that poor HRQoL is associated with increased
mortality [8,25]. To this end, it is important to clarify that this discussion is not intended to
devalue the PhGA or the rheumatologists’ ability to perform adequate clinical judgment; in
fact, PhGA scores have shown good correlates with mental health, overall disease activity,
and flares [26].

Disease severity

Organ damage

Health-related quality of life

Medications

Comorbidities

Socioeconomic background

Genetic cargo

Figure 1. Illustration of the multilateral impact across disease facets and health-related quality of life
in people living with systemic lupus erythematosus.

3. The Matter of Not Only Optimal Choice but Also Optimal Use of PROMs

The OMERACT IV consensus conference [27] propounded disease activity, HRQoL,
medication side-effects, and organ damage as the four core outcomes for SLE clinical trials
in that priority order. In light of accumulating evidence of the discordance in perceptions
of disease activity between physicians and patients with SLE [28], PROMs are increasingly
used in SLE clinical trials [7]. The SF-36 [29] and FACIT-F [30] were reviewed for their
psychometric properties with regard to the extent to which they comply with the US Food
and Drug Administration (FDA) guidance [31] and were suggested as secondary endpoints
to support the labeling of novel therapies for SLE [32]. Changes in scores in various SF-36
domains and FACIT-F have shown an ability to discriminate between verum drug (beli-
mumab) and placebo in the BLISS-52 and BLISS-76 clinical trials [33]. In the same analysis,
changes in EQ-5D utility index scores [34] did not exhibit discriminative ability. However,
in light of satisfactory psychometric properties of EQ-5D for SLE patients, particularly in
terms of validity and reliability [35], a recent study investigated the discriminative ability
and known-group validity of EQ-5D full health state (FHS), i.e., a utility index score of 1,
and found a remarkably robust ability of EQ-5D FHS to discriminate between drug and
placebo, and between responders and non-responders in the BLISS-52 and BLISS-76 clinical
trials [36]. This not only illustrates the need for determining optimal PROMs in SLE but
also supports the notion that optimal use of the currently available ones may be even
more important. For example, the differential ability of PROMs to capture changes in the
different SLE disease patterns, i.e., persistently quiescent, persistently relapsing-remitting,
and persistently active disease [37], comprises one of the many questions framing the future
research agenda.
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4. Can Lupus Patients Take the Driver’s Seat in Their Disease Monitoring?

Several questions regarding the validity of PROMs for people with SLE were clarified
over the past decades [38,39]. We outlined their value in the interpretation of trial data
for therapies that are potentially beneficial in the management of SLE. It is apparent that
treatment cannot be narrowed down to the pharmacological component only, when the
goal is remission on the one hand and a state of good or acceptable HRQoL for people
living with SLE on the other. Knowing that SLE influences multiple domains of life,
the use of generic and disease-specific measures in structured evaluation processes is
justified. In this regard, it is worth noting that mainly generic PROMs have been used
in randomized clinical trials of SLE, particularly the SF-36, while instruments with the
ability to discriminate across clinically distinct groups are found to be more responsive to
change, lending support for broader use of disease-specific PROMs [40]. The SLE-specific
SLAQ is designed to capture self-reported symptoms that are usually evaluated by the
rheumatologist [41] and is based on the Systemic Lupus Activity Measure [42]. While
it shows adequate reliability and correlates with SF-36, it is not always congruous with
traditional clinical parameters [43]. The Lupus Patient-Reported Outcome tool (LupusPRO)
entails several domains of HRQoL and additionally prompts patients to reflect on support,
medications, satisfaction, and cognition [44]. The LupusPRO correlates with the SF-36
and shows responsiveness in relation to the physician-reported activity index BILAG [45].
However, a systematic comparison across available PROMs in relation to generic domains
of HRQoL and SLE-specific symptoms to determine the best correlates with traditional
physician-reported disease features has yet to be conducted.

Assessments and interventions need to be tailored to the individual patient and de-
cided upon together with the patient. In fact, shared decision-making constitutes a primary
overarching principle of the T2T/SLE task force recommendations [8]. For some people
with SLE, the impact of the disease acts as a negative spiral, in particular with regard to
mental health, whereas high pain and global disease burden are coupled with negative
future outcomes [46]. Physical or functional domains of HRQoL may still be contracted
in considerable proportions of patients irrespective of their overall response to treatment,
which has been shown to be more prominent in patients with established organ dam-
age, and furthermore, dependent on ethnicity [47]. PROMs are scored worse in people
with lower health literacy, which is not necessarily related to lower income or education,
albeit resources of people with lower socioeconomic backgrounds are under stronger con-
straints [48,49]. It is also important to bear in mind that comorbidities may have an impact
on how patients score their HRQoL, e.g., depressive or other disorders causing chronic
mental distress may impact on pain, fatigue, or PtGA scores [46,50]. Thus, persistently
high scores or persistent discordance between patient’s and physician’s assessments should
intrinsically prompt further investigation for potential comorbid conditions as underlying
causes and, if needed, the commencement of suitable adjunct therapy. Nevertheless, the
considerable variability of PhGA scoring across assessors highlights the need to adopt
optimal tools and determine the optimal timing for the assessment, as well as integrate
multiple items, including the patient perspective, with the ultimate goal being a holistic
apprehension of the disease status [51,52].

The proper use of PROMs is not only an important conceptual issue but also an
opportunity to build bridges in the partnership between patients and physicians. These
points of consideration adhere to the overall framework that there will seldom be one single
best marker that helps us to interpret the activity, severity, and impact of SLE at the same
time. By contrast, in clinical practice, there is a battery of tests and assessment instruments
that the healthcare team may choose from, based on what is relevant to the respective
patient and the respective condition. However, harmonization and integration of different
tests in surveillance and overall patient management should be supported by data and
strive for optimization, taking environmental, personal, and disease-specific conditions
into account.
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5. Conclusions

As a concluding remark, for optimal outcomes, we not only stress the importance
of the use of PROMs but also emphasize the urgency to adopt the concept of forming
alliances with each individual patient and facilitating active patient participation in surveil-
lance and management processes as an integral part within the clinical consultations, and
continuously during the disease course. The positive impact of this mindset on patients’
lives has been explored more in-depth for people with inflammatory arthritis [53,54]; be-
ing a considerably more complex condition, it would be counterintuitive to anticipate
holistic pertinence in the management of SLE without active patient involvement in all
steps. Nevertheless, this should not be misinterpreted as a transfer of responsibility from
healthcare professionals to patients, but should rather be considered a step towards shared
decision-making, which in fact should impose responsibility to healthcare to ensure ad-
equate patient education and confidence in patients in understanding the need and the
options. Thus, while time becomes more mature for patients with SLE to take the driver’s
seat in their disease monitoring and management, healthcare professionals should not
release themselves from responsibility but retain the seat of the navigator and inspirer.
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Abstract: Systemic lupus erythematosus (SLE) is a clinically heterogeneous autoimmune disease, and
organ manifestations, such as lupus nephritis (LN) or skin disease, may be refractory to standard
treatment. Therefore, new agents are required to allow for a more personalized therapeutic approach.
Recently, several new therapies have been approved internationally, including voclosporine for LN
and anifrolumab for moderately to severely active SLE. Here, we report a case of SLE with a predomi-
nant and refractory cutaneous manifestation despite combination treatment with glucocorticoids,
hydroxychloroquine, mycophenolate mofetil, and belimumab, which had been present for more
than 12 months. Belimumab was switched to anifrolumab, and the patient responded quickly after
two infusions (eight weeks) with a reduction in the Cutaneous Lupus Assessment and Severity Index
(CLASI) from 17 to 7. In addition, we review the available clinical trial data for anifrolumab with a
focus on cutaneous outcomes. Based on phase II and III clinical trials investigating the intravenous
administration, a consistent CLASI improvement was observed at 12 weeks. Interestingly, in a phase
II trial of subcutaneous anifrolumab application, CLASI response was not different from placebo at
12 weeks but numerically different at 24 and 52 weeks, respectively. Thus, anifrolumab emerges as an
attractive new therapeutic option suggesting a possible domain-based approach.

Keywords: systemic lupus erythematosus; anifrolumab; interferon; cutaneous lupus erythematosus

1. Introduction

Anifrolumab (ANI), a fully human monoclonal antibody directed against the type I
interferon (IFN) receptor subunit 1, has recently been approved as add-on therapy for
moderately to severely active systemic lupus erythematosus (SLE) based on the results of
two phase III trials (TULIP-1 and TULIP-2) [1,2]. There is limited experience in clinical
practice outside of a trial setting, but an early access program was available in Germany
until March 2022. Here, we report the first use of ANI in an SLE patient with refractory
cutaneous manifestations outside a clinical trial setting and review the data of ANI clinical
trials focusing on the cutaneous domain.

2. Case Description

The patient is a 30-year-old female with a 13-year history of SLE based on acute
cutaneous lupus, polyarthritis, positivity for antinuclear antibodies (abs), anti-double-
stranded DNA, anti-Ro/SSA, anti-U1-snRNP abs, and complement consumption. Over
the years, additional findings included photosensitivity, class II lupus nephritis (LN), and
positive anti-phospholipid abs.
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She presented in October 2021 to her routine visit and complained of worsening skin
lesions and joint pain over the preceding three months (Figure 1A–C).

Figure 1. Cutaneous manifestations of the patient before (A–C) and eight weeks after the initiation of
anifrolumab treatment (D–F).

Her skin lesions consisted of non-pruritic erythematous lesions distributed symmet-
rically over the upper trunk and back, as well as the face, arms, and hands. There were
no areas of scarring. Her skin rash was most consistent with subacute cutaneous lupus
erythematosus (SCLE). The Cutaneous Lupus Erythematosus Disease Area and Severity
Index (CLASI) was determined with a score of 17.

The metacarpophalangeal II to V and proximal interphalangeal joints II to V were
slightly swollen and tender to palpation. Anti-dsDNA abs were elevated at 114 IU/mL (nor-
mal range [NR] <15 IU/mL), C3 was 0.71 g/L (NR 0.82–1.93 g/L), and C4 was 0.08 g/L (NR
0.15–0.57 g/L). The Systemic Lupus Erythematosus Disease Activity Index 2000 (SLEDAI-
2K) was calculated as 10.

Previous therapy included hydroxychloroquine (200 mg/day), azathioprine, and
varying doses of prednisolone. Three courses of medium to high oral prednisolone doses
(0.5–1 mg/kg of body weight) to control her skin disease and flares of polyarthritis were
given over the previous six months.

Her current SLE treatment included hydroxychloroquine (200 mg/day), low-dose
prednisolone (5 mg/day), mycophenolate mofetil (500 mg twice daily, higher doses not
tolerated), and subcutaneous belimumab (BEL) (200 mg/week), which had been started
more than 12 months before. In this refractory patient with active cutaneous and joint
disease, BEL was switched to ANI.

Anifrolumab treatment was initiated in January 2022. Eight weeks later, after receiving
two intravenous infusions of 300 mg four weeks apart, the skin lesions had improved
significantly (Figure 1D–F).

In addition, her complement levels and anti-dsDNA antibody titer improved moder-
ately (Figure 2A,B). The CLASI improved from 17 to 7 (Figure 2C). Joint pain and swelling
also improved with treatment. No side effects or infusion reactions occurred, and the
patient has lowered her prednisolone dose to 2 mg/day. After four infusions, the patient
reduced her dose of mycophenolate mofetil to 500 mg/day. Follow-up is ongoing.
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Figure 2. Changes in serologic parameters and the disease activity at baseline and after eight weeks.
(A) Complement factors C3 and C4. (B) Anti-double stranded (ds) DNA levels. (C) Cutaneous lupus
activity and severity index (CLASI).

3. Review of Anifrolumab Mechanism of Action and Clinical Trials

3.1. Development and Mechanism of Action of Anifrolumab

The pathogenesis of SLE, which is considered a prototypic autoimmune disease, is
complex and involves a myriad of immune mechanisms and various cell types [3] (Figure 3).
In brief, environmental (e.g., ultraviolet radiation), viral (e.g., Ebstein–Barr virus), and
hormonal triggers lead to an increased rate of apoptosis in an (epi)genetically susceptible
individual [3,4]. Autoreactive B and T cells process this increased number of antigens,
leading to autoantibody and immune complex formation [4]. As a result, there is an
increased production of type 1 interferons (IFNs) by plasmacytoid dendritic cells (pDCs),
which is a central pathogenic process [5,6]. Type 1 interferons maintain an increased
autoantibody production through an autocrine loop, further activating B cells, which
undergo class switching [4].

Recently, an increasing number of clinical trials, including the TULIP trials, stratified
patients according to their IFN gene expression status (high vs. low) [7]. However, this has
not been adopted for routine clinical practice. In view of IFNs as a key mediator in SLE
pathogenesis, targeting IFNs by monoclonal antibodies (mAbs) is an appealing approach.
Sifalimumab and rontalizumab, two other mAbs targeting IFN alpha, have yielded mixed
results in phase II trials [8,9], and have not been developed and tested in phase III trials.

Anifrolumab is a fully human, effector-null monoclonal antibody directed against
the type I interferon (IFN) receptor subunit 1 (IFNAR1) [10]. It was engineered with
mutations inserted in the heavy chain with the aim of reducing Fcγ receptor (FcγR)-
mediated effector functions, such as antibody-dependent cell-mediated cytotoxicity and
complement-dependent cytotoxicity [11], ultimately improving efficacy and reducing
resistance through internalization by FcR [12].

Further, it has been shown that ANI promotes IFNAR1 internalization, thus blocking
downstream signaling, such as signal transducers and activators of transcription 1 (STAT1)
phosphorylation [10]. Finally, ANI reduces the type I IFN autoamplificaton loop sustained
by pDCs [10,13].

The mechanism of action of ANI in the context of a proposed model of SLE pathogen-
esis is shown in Figure 3.
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Figure 3. Mechanism of action of anifrolumab in the context of the hypothesized systemic lupus
erythematosus (SLE) pathogenesis [3,4,6]. Genetic, epigenetic, environmental, and hormonal factors
(1) lead to an increased rate of apoptosis. Autoreactive B and T cells specific for self-nuclear antigens
recognize and process these antigens (2), which, in turn, leads to autoantibody and immune complex
generation (3). Toll-like receptor signaling in B cells and pDCs (not shown) results in increased levels
of type 1 interferons, mainly produced by pDCs (4). Type 1 interferons further stimulate B cells
in an autocrine loop, and B cells exhibit class switching, which leads to a persistent production of
autoantibodies (5). Anifrolumab binds to IFNAR1, thus inhibiting dimerization and subsequent
intracellular signaling mechanisms mediated by STAT1/2 and IRF9. The net result is a decreased
transcription of proinflammatory genes (the so-called interferon-gene signature, IGS) in cells of both
the innate and adaptive immune systems [10]. Created with biorender.com. EBV, Ebstein–Barr virus;
IFNAR, interferon receptor subunit; IGS, interferon gene signature; IRF9, interferon regulatory factor
9; JAK, Janus kinase; pDC, plasmacytoid dendritic cells; STAT, signal transducers and activators of
transcription; TYK, tyrosine kinase; UV, ultraviolet.

3.2. Clinical Trial Data

In this section, we will review the available clinical trial data from phase I–III clinical
trials of ANI, which resulted in the approval for the treatment of moderately-to-severely
active SLE in addition to standard therapy. Figure 4 shows a timeline of major clinical trials
and approval dates of ANI in non-renal SLE. Of note, a phase II clinical trial in LN has been
published [14]. However, we will not further analyze this trial since the focus of this review
is the cutaneous domain.
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Figure 4. Timeline of major clinical trials, primary outcome measures, and authorization of anifrol-
umab [1–8]. BICLA, British Isles Lupus Assessment Group-based composite lupus assessment; EMA,
European Medicines Agency; FDA, Federal Drug Agency; SC, subcutaneous; SRI-4, systemic lupus
erythematosus responder index-4; UPCR, urine protein–creatinine ratio; w, weeks. Numbers in circles
denote the number of participants. Created with biorender.com.

3.2.1. Early Phase I and Phase II Trials

Interestingly, ANI, then termed MEDI-546, was first tested in a phase I clinical trial in
Systemic Sclerosis (SSc) patients [15]. In this phase I trial, 34 subjects received MEDI-546
in a dose-escalation fashion for 12 weeks. A total of 68.9% of subjects experienced mild
adverse events (AEs), and 27.7% experienced moderate AEs. In addition, there were four
serious AEs (skin ulcer, osteomyelitis, vertigo, and chronic myelogenous leukemia). Only
the latter was judged as possibly treatment-related [15].

Since interferon signaling pathways involved in the pathogenesis of SSc and SLE share
similarities [16], MEDI-546, later renamed ANI, was further investigated in a phase IIb trial
in non-renal SLE [17]. In this trial, 305 participants with moderate-to-severely active SLE
were randomized to receive one of two doses of ANI (300 vs. 1000 mg every four weeks for
48 weeks) or a placebo (PBO). Patients were randomized based on disease activity (SLE
disease activity index-2000 [SLEDAI-2K] >10 vs. <10), glucocorticoid (GC) dose (>10 vs.
≤10 mg/day), and type I interferon gene expression (high vs. low). The SRI4 endpoint was
met by more patients treated with ANI (34.3% of 99 patients for 300 mg and 28.8% of 104
for 1000 mg) compared to PBO (17.6% of 102 patients) (Table 1). With these encouraging
results, two phase III trials were performed subsequently.

3.2.2. Phase III Trials—TULIP-1 and TULIP-2

In the phase III trial TULIP-1, ANI 150 mg or 300 mg were compared to PBO. TULIP-1
randomized 457 patients; the primary endpoint systemic lupus erythematosus responder
index-4 (SRI-4) was assessed at 52 weeks. There were no statistically significant differences
in patients receiving 300 mg of ANI compared to PBO regarding this outcome measure (36%
vs. 40%, respectively). Since the primary endpoint was not met, no statistical testing was
performed as per the prespecified study analysis plan. However, the British Isles Lupus
Assessment Group-based composite lupus assessment (BICLA), another robust outcome
measure used for SLE, was numerically different (37% vs. 27% responders for ANI 300 mg
vs. PBO) [2].

Therefore, the TULIP-2 clinical trial used the BICLA as the primary outcome measure [1].
TULIP-2 randomized 365 patients to ANI 300 mg or PBO. At 52 weeks, there was a
statistically significant difference in the BICLA response in favor of ANI 300 mg (47.8% vs.
31.5%). These results finally led to ANI’s approval by the Federal Drug Administration
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(FDA) in 2021 and the European Medicines Agency (EMA) in early 2022. The different
results of TULIP-1 and TULIP-2 regarding their primary efficacy measures have been
discussed widely [18–20]. Table 1 gives an overview of the main published clinical trials
and the primary outcomes.

Table 1. Overview of clinical trials of anifrolumab in non-renal Systemic Lupus erythematosus.

First Author, Year Trial Acronym Phase
N of

Participants
Primary Endpoint

Assessment
Outcome Measures (% Responders) §

(Anifrolumab 300 mg/Placebo)

Intravenous administration SRI-4 BICLA CLASI
Furie, 2017 [17] MUSE IIb 305 24 weeks 34.3/17.6 53.5/25.7 63/30.8
Furie, 2019 [2] TULIP-1 III 457 52 weeks 36/40 37/27 42/25 *

Morand, 2020 [1] TULIP-2 III 365 52 weeks 55.5/37.3 47.8/31.5 49/25 *

Subcutaneous administration
Bruce, 2021 [21] - II 36 12 weeks -/- -/- 45/44 *

§ Bold indicates the primary outcome measure. Outcome measures: BICLA, British Isles Lupus Assessment
Group-based composite lupus assessment; CLASI, cutaneous lupus erythematosus disease area and severity
index; SRI-4, systemic lupus erythematosus responder index-4. * at 12 weeks.

4. Discussion

To our knowledge, this is the first description of therapy with ANI for refractory
cutaneous manifestations outside a clinical trial, demonstrating very quick clinical efficacy.
It is unclear which primary outcome measure is best for trials in SLE [19]. Both SRI, used
in TULIP-1 [2], and the BICLA, used in TULIP-2 [1], are robust measures of treatment
response. They consist of different domains and give more weight to the SLEDAI response
(SRI), or BILAG domains (BICLA), respectively. Both measures do not allow for any domain
to worsen. In TULIP-1, there was no difference in the CLASI between ANI and PBO; in
TULIP-2, a statistically significant difference was found at week 12 [1]. A post-hoc analysis
of pooled data in patients with CLASI ≥10 at baseline confirmed these results [22].

In all published phase II and III clinical trials, the Cutaneous Lupus erythematosus dis-
ease area and severity index (CLASI) was used to assess changes in skin manifestations. The
CLASI aims to distinguish between activity and damage [23]. In the activity domain, ery-
thema is graded from 0 (absent) to 3 (dark red; purple/violaceous/crusted/hemorrhagic)
in different body areas. Likewise, scales/hypertrophy are judged from 0 (absent) to
2 (verrucous/hypertrophic). Further, lesions of the mucous membranes are searched for.
Lastly, alopecia is assessed as present or absent. If present, the scalp is divided into
four quadrants and scored, ranging from 0 (absent) to 3 (focal or patchy in more than one
quadrant). To analyze the damage, various lesions are scored: First, dyspigmentation is
documented as 0 (absent) or 1 (present). Next, scarring/atrophy/panniculitis is scored,
ranging from 0 (absent) to 2 (severely atrophic scarring or panniculitis). Then, the duration
of dyspigmentation is considered (more or less than 12 months). Finally, scarring of the
scalp is scored as 0 (absent), 3 (present in one quadrant), 4 (present in two quadrants),
5 (three quadrants), or 6 (affects the whole skull). The overall score ranges from 0 to 70,
and higher scores indicate more severe skin disease.

It must be noted that the CLASI response was defined as an improvement of at least
50% in participants with a minimum score ≥10. In the MUSE phase IIb trial, 77 (25%) of
patients fulfilled this definition [17]. The percentage of CLASI responders at 24 weeks was
63% for 300 mg of ANI vs. PBO (30.8%), and responses were seen early on (around 50%
at eight weeks) with a plateau of 60–65% response rates around week 20. In TULIP-1, the
CLASI response followed the same definition, and there were 42% vs. 25% of responders
favoring ANI 300 mg at 12 weeks [2]. However, the difference between ANI and PBO
evened out at the end of the trial. Finally, TULIP-2 reported a CLASI responder rate of 49%
vs. 25% at 12 weeks, which was maintained through 52 weeks [1].

Lastly, a phase II of subcutaneous administration of ANI in 36 patients showed no
numerical differences in the CLASI response at 12 weeks (45% vs. 44%) [21]. Nevertheless,
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unlike the TULIP trials, the response rates steadily increased from 82% vs. 50% at 24
weeks to 91% vs. 44% at 52 weeks. The number of subjects was small, and this phase II
trial was also not designed to assess any differences in the CLASI response. One possible
explanation for the steadier increase compared to the rapid rise in response rates with the
intravenous administration may be the slower absorption and biological efficacy following
a subcutaneous application.

Furthermore, it has been shown that IFN signaling has a central role in SLE skin
pathology as the IFN signature correlates with cutaneous disease activity in SLE [24], and
IFN pathways contribute to enhancing apoptosis of skin cells interfering with the protective
Langerhans cell–keratinocytes axis [25]. More recently, these processes have been shown to
be mediated by keratinocytes and dendritic cells in non-lesional skin lesions [26].

The available clinical trial data regarding musculoskeletal manifestations demonstrate
an improvement in the phase IIb trial MUSE [17]. Of those patients with ≥8 tender and
swollen joints, the percentual difference at 24 weeks of ANI responders (n = 46) was
8.9% (p = 0.351) compared to PBO (n = 37) at a dose of 300 mg. However, at 52 weeks,
48.6% (PBO) vs. 69.6% (ANI 300 mg) of patients responded (percentual difference of 21%,
p = 0.038) [17]. In the TULIP-1 trial, 22/68 (32%) PBO-treated patients versus 33/70 (47%)
ANI-treated patients had a ≥50% reduction in active joints at 52 weeks [2]. Lastly, in
the TULIP-2 trial, 42.4% of ANI-treated patients with ≥6 swollen or tender joints had a
non-statistically significant response compared to PBO (37.5%, p = 0.55) [1].

Taken together, numerically more patients with at least six swollen or tender joints
treated with ANI had a 50% or greater reduction from baseline to 52 weeks in the swollen
joint count (57% vs. 46%, p = 0.027), and a 50% vs. 43% reduction in the tender joint count
(p = 0.095). Thus, ANI seems to lead to an improvement of joint manifestations in a relevant
proportion of patients after 52 weeks.

5. Conclusions

Overall, biological therapies with different mechanisms of action are sparse in SLE, and
ANI is only the second approved biological therapy after BEL. There is vast experience with
BEL as an add-on therapy for non-renal and, more recently, also LN [27]. Anifrolumab’s
place in therapeutic algorithms has not been determined as of yet. However, our early
clinical experience and review of the available clinical trial data show promising and rapid
results for (refractory) cutaneous and joint manifestations in SLE, suggesting a potential
domain-based approach in the near future.
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Abstract: Neuropsychiatric systemic lupus erythematosus (NPSLE) has a broad spectrum of subtypes
with diverse severities and prognoses. Ischemic and inflammatory mechanisms, including autoanti-
bodies and cytokine-mediated pathological processes, are key components of the pathogenesis of
NPSLE. Additional brain-intrinsic elements (such as the brain barrier and resident microglia) are also
important facilitators of NPSLE. An improving understanding of NPSLE may provide further options
for managing this disease. The attenuation of neuropsychiatric disease in mouse models demonstrates
the potential for novel targeted therapies. Conventional therapeutic algorithms include symptomatic,
anti-thrombotic, and immunosuppressive agents that are only supported by observational cohort
studies, therefore performing controlled clinical trials to guide further management is essential and
urgent. In this review, we aimed to present the latest pathogenetic mechanisms of NPSLE and discuss
the progress in its management.

Keywords: systemic lupus erythematosus; neuropsychiatric lupus erythematosus; pathogenesis;
management; novel targeted therapies

1. Introduction

Systemic lupus erythematosus (SLE) is an autoimmune disease that may affect almost
every organ [1,2]. SLE with nervous system involvement is known as neuropsychiatric
systemic lupus erythematosus (NPSLE). NPSLE is a major contributor to morbidity and
mortality in SLE patients. The American College of Rheumatology (ACR) defined 19 neu-
ropsychiatric syndromes, ranging from central neurologic and psychiatric disorders to
peripheral neuropathy [3–5]. The challenge now is that the underlying pathogenesis re-
mains ambiguous [6–8], due to the limited access to nerve tissue, the complex nature of
clinical manifestations, and overlap with non-lupus-associated neuropsychiatric events.
These difficulties limit the optimization of NPSLE management.

In this review, we discuss the latest pathogenic mechanisms of NPSLE and explore
new ideas and directions for the management of this complicated disease.

2. Pathogenesis of NPSLE

The exact immunopathogenesis of NPSLE is complex and unclear. Ischemic and
autoimmune-mediated neuroinflammatory pathways are now considered two main, and
probably complementary, pathogenetic mechanisms leading to NPSLE (Figure 1).
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Figure 1. Pathogenetic mechanisms in diffuse NPSLE.

2.1. Ischemic Pathway

Ischemic injury to large- and small- blood vessels, mediated by antiphospholipid (aPL)
antibodies, immune complexes, and complement activation leads to focal (e.g., stroke) and
diffuse (e.g., cognitive dysfunction) neuropsychiatric events. Among these, aPL antibodies
play a predominant role in the intravascular thrombosis [9]. Some studies have reported
that SLE patients positive for aPL antibodies are approximately twice as likely to develop
NPSLE than aPL-negative patients. aPL antibodies may also increase the risk of subclinical
atherosclerosis, leading to a propensity for cerebral ischemia. The central nervous system is
more susceptible than most tissues to thrombus formation, which accounts for the increased
risk of stroke and transient ischemic attack seen in aPL antibody-positive patients [10].
Apart from thrombosis, aPL antibody positivity has also been correlated with other NPSLE
manifestations, such as seizures, chorea, cognitive dysfunction, and myelopathy [11–13],
especially psychosis [14–16]. Recent evidence suggests that aPL antibodies are also linked
to direct neuronal damage by inducing oxidative stress and damage to neuronal cell
membranes via the β2-glycoprotein. In an in vitro study, aPL antibodies bound to neurons
and other CNS cells, and the intracerebroventricular injection of aPL induced a hyperactive
behavior in animal models [17], thereby supporting a direct effect of these antibodies on
the brain.

The aPL-mediated procoagulant state has traditionally been considered noninflam-
matory. However, a recent study found that mice deficient in C3 and C5 complement
components were resistant to aPL-induced thrombosis and endothelial activation [18].
Thus, complement activation is associated with focal NPSLE, psychosis, and cognitive
dysfunction, suggesting an additional inflammatory pathogenic component in NPSLE [19].

2.2. Neuroinflammatory Pathway

Autoimmune-mediated neuroinflammatory pathways with complement activation,
enhanced the permeability of the blood–brain barrier (BBB), the intrathecal migration of
neuronal autoantibodies, and the local production of pro-inflammatory cytokines, and other
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inflammatory mediators are associated with mostly diffuse neuropsychiatric manifestations,
such as psychosis, mood disorders, and cognitive dysfunction [8,18,20,21].

2.2.1. Enhanced Permeability of Brain Barrier

BBB disruption was the first pathophysiological mechanism proposed to play an
imperative role in the development of NPSLE [22]. It establishes a structural and functional
interface between the brain and general circulation to prevent the passive transfer of
immune mediators from the blood to the central nervous system (CNS). Excessive levels of
neurotransmitters, cytokines, chemokines, and peripheral hormones may influence BBB
permeability [23].

Moreover, animal models of NPSLE have shown that increased BBB permeability is
essential for autoantibodies to enter the brain [20,21] and then bind to neurons, which
may lead to apoptosis [24]. However, the evidence for persistent BBB dysfunction is
controversial [25].

Aside from BBB, the blood–cerebrospinal fluid barrier (BCSFB)—located at choroid
plexus epithelial cells—is the natural ‘dam’ between the systemic circulation and the cere-
brospinal fluid (CSF). It is a secretory epithelial structure surrounding a highly vascularized
capillary plexus that produces cerebrospinal fluid (CSF) [26]. An increasing number of
studies have focused on BCSFB in animal models, demonstrating that the choroid plexus
epithelium has been identified as a route of entry into the CSF for pathogenic autoan-
tibodies and leukocytes and as a primary site of neuropathology [27–29]. Additionally,
some studies have implicated that in the absence of BBB dysfunction, the BCSFB could still
be disrupted, supporting BCSFB dysfunction as a possible causative factor for immune
mediators penetrating the brain [28].

Furthermore, the meningeal barrier and glymphatic system have also been proposed
as potential sites of neuroimmune interactions, but their exact pathogenic roles await
further validation in future studies [30,31].

2.2.2. Autoantibody-Induced Inflammation

A typical feature of SLE is the formation of various autoantibodies, several of which
are involved in NPSLE development. Here we will illustrate the identified autoantibodies
that have been linked to NPSLE and their potential role in its pathogenesis.

Anti-NMDAR Antibodies

N-methyl D-aspartate receptors (NMDARs) are receptors for the neurotransmitter
glutamate, which is a major excitatory neurotransmitter that is important for many brain
functions [32]. It has been reported that anti-NMDAR antibodies are related to the psychi-
atric manifestations of NPSLE [33–35].

Anti-NMDAR antibodies became important upon the observation that some anti-
DNA antibodies might cross-react with NMDARs subunits on neurons [36]. These cross-
reactive anti-NMDAR antibodies occur in SLE patients and are frequently associated with
NPSLE [37–39].

The CSF titers of these antibodies are higher in patients with active diffuse NPSLE than
in those with focal NPSLE or non-inflammatory CNS diseases [34,40]. In vitro studies have
shown that anti-NMDARs may damage the BBB and penetrate the CNS [41]. Furthermore,
the effect of anti-NMDARs is dose-dependent, as at low concentrations they seem to
impair synaptic transmission, whereas at high concentrations they may cause neuronal
apoptosis [32,33].

Nevertheless, these antibodies may also be present in SLE patients without neuropsy-
chiatric involvement [42,43]. Thus, further research is needed to investigate the effect of
anti-NMDARs on the pathogenesis of NPSLE development.
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Anti-RP Antibodies

Antibodies targeting the ubiquitous ribosomal P (RP) proteins have been associated
with NPSLE, especially when manifested as psychosis and depression [42,44,45]. Anti-
RP antibodies were predominantly detected in patients with SLE and were not detected
in the control population [21]. The levels of anti-RP were higher in the serum/CSF of
NPSLE patients with psychosis, depression, and asymptomatic cranial involvement [46],
suggesting a potential role of anti-RP in the pathogenesis of NPSLE. Despite the above
findings, some clinical studies that examined whether serum anti-RP antibodies correlated
with psychosis have yielded inconsistent results [22]. Moreover, serum anti-RP antibodies
are significantly associated with a worse prognosis in patients with diffuse NPSLE [47].

Importantly, the injection of anti-RP antibodies through the nervous system or pe-
ripheral circulation leads to cognitive impairment and depression in mice [21,48]. In vitro
studies have shown that anti-RP antibodies could induce concentration-dependent neu-
ronal dysfunction or apoptosis by increasing intracellular calcium release and disrupting
protein synthesis [9,49].

Above all, anti-RP antibodies may be a relatively strong marker associated with
psychiatric NPSLE.

AECAs

Anti-endothelial cell antibodies (AECAs) mediate the expression of adhesion molecules
in endothelial cells. They are found in more than half of patients with NPSLE and are
also correlated with psychosis and depression manifestations [50,51]. The activation of
endothelial cells by AECAs might contribute to cerebral vasculopathy, which, in turn,
induces the neuropsychiatric symptoms of SLE [8].

Anti-Ganglioside Antibodies

Gangliosides, spread across neurons’ surfaces, are crucial for signal transition [52].
One study reported that positivity for anti-ganglioside antibodies is frequent in lupus
patients with PNS involvement [53]. However, this finding needs further investigation to
achieve a consistent result [54].

Endothelial cells connected by tight junctions form the blood–brain barrier (BBB). After
the BBB is compromised, antibodies gain access to the CSF while activated endothelial
cells secrete pro-inflammatory cytokines, including interleukin-6 (IL-6) and interleukin-8
(IL-8). The associated signaling pathways involve the cytokine tumor necrosis factor-like
weak inducer of apoptosis (TWEAK) to promote BBB disruption through the induction
of inflammatory cytokines. Cytokines and chemokines, such as IL-6 and a proliferation-
inducing ligand (APRIL), enhance B-cell activation and survival.

Immune complexes could induce interferon-α (IFN-α) production. IFN-α could acti-
vates microglial engulfment of neurons and directly damages them. Microglial activation
further propagates local cytokine and chemokine signaling cascades. Furthermore, IFN-α
enhances microglial cytokine and chemokine (IL-6, IL-8, MCP-1, IP-10) production. Finally,
several neuropathic autoantibodies have been implicated in NPSLE. Autoantibodies, such
as anti-NMDAR and anti-RP, directly bind to neurons and lead to neuronal dysfunction
or apoptosis. Following neuronal cell damage, antibodies form immune complexes with
neuronal antigens, contributing to the diffuse neuronal damage/dysfunction in the brain.
Created with biorender.com.

2.2.3. Cytokines-Mediated Inflammation

In CNS, cytokines are expressed at low levels by neurons, astrocytes, microglia, and
oligodendrocytes. The expression of genes encoding cytokines and their receptors in
the brain suggests that cytokines contribute to the normal physiological functions of CNS.
Cytokines and other immune factors are important for the modulation of brain development
and affect adult neuronal plasticity, leading to cognitive and mood disorders [55]. Below,
we will discuss the cytokines that potentially participate in the pathogenesis of NPSLE.
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TWEAK/Fn14

The tumor necrosis factor-like weak inducer of apoptosis (TWEAK), a member of the
tumor necrosis factor (TNF) superfamily of cytokines, promotes the activation of NF-kB and
mitogen-activated protein kinase (MAPK) by binding to fibroblast growth factor-inducible
14 (Fn14), a 14 kDa member of the TNF receptor superfamily. Fn14 is expressed in a variety
of cells and tissue types, including fibroblasts, endothelial cells, and epithelial cells [56].

TWEAK plays an important role in BBB disruption and the development of NPSLE [57].
Fn14 exhibited upregulation within the cerebral cortex of lupus-prone mice. In addition,
the severe depression-like behavior observed in MRL/lpr mice was significantly reduced in
Fn14-deficient mice, indicating that Fn14 improved depression and cognitive function [58].
Moreover, the intracerebroventricular injection of TWEAK in wild-type mice induced
cognitive dysfunction and depression-like behavior through increased BBB permeability
and accelerated neuronal apoptosis [59]. However, this cytokine seems to be elevated in the
CSF of SLE patients, regardless of the presence or absence of neuropsychiatric symptoms.

IL-6

Interleukin-6 (IL-6) is thought to have the strongest positive association with NPSLE [60].
The elevated intrathecal levels of IL-6 have been found in patients with diffuse NPSLE,
such as those experiencing an acute confusional state or psychosis [61]. In addition, the
positive correlation between IL-6 levels and the levels of the neuronal degradation product
denominated neurofilament light chains (NFL), which indicates that IL-6 exerts destructive
effect on nerve cells [62]. Nevertheless, research on the correlation between serum IL-6
and psychiatric NPSLE provided inconclusive results [63]. This difference needs to be
further explored.

IFN-α

An animal models have demonstrated a significant association between IFN-α in the
CSF and NPSLE, identifying a novel IFN-α-dependent mechanism for NPSLE. IFN-α has
been proposed to cause damage by activating microglia in the CSF and stimulating the
microglial engulfment of neuronal cells [64]. IFN-α may also impair brain function by
altering the levels of neurotransmitters and generating damage by the secondary release
of cytokines and chemokines, such as IL-6- and interferon-gamma-inducible protein-10
(IP-10) [65].

Additionally, neuropsychiatric manifestations observed in lupus-prone animal models
were reversible with IFN-α inhibition, indicating that IFN-α is imperative in the pathogen-
esis of NPSLE [64].

BAFF and APRIL

The TNF family ligands B-cell activating factor of the TNF family (BAFF) and APRIL
are crucial in the survival, differentiation, and isotype switching of B lymphocytes [66].

One study found a close relationship between APRIL in the CSF and NPSLE but not
between BAFF in the CSF and NPSLE [67]. To date, there have been few studies regarding
their exact role in the pathogenesis of NPSLE.

2.2.4. Brain-Resident and Infiltrating Cells

Apart from structural changes, autoantibodies and cytokines, alterations in brain-
resident cells in the CNS may be instrumental in the development of NPSLE.

Microglia, the resident macrophage cells of the brain, are the main antigen-presenting
cells (APCs) in the CNS. They play a fundamental role in regulating BBB function and shap-
ing the brain circuits. They could also secrete various cytokines, chemokines, prostaglandins,
and reactive oxygen species [68].

Increasing evidence supports an active role for microglial cells in the pathogene-
sis of NPSLE. Activated microglia are a feature of several models of the lupus-prone
mouse [69,70]. MLR/lpr mice lacking estrogen receptor alpha experienced a significant
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neuropsychiatric disorder, which correlated with a decreased number of activated mi-
croglial cells and an accompanying reduction in CNS inflammation [71].

The intrathecal synthesis of cytokines as a potential mechanism of damage, and neural
damage may develop in NPSLE without the involvement of factors derived from blood [72].
Although the cellular origin of these cytokines production in the brain remains unknown,
macrophages and endothelial cells (ECs), as well as brain-derived microglia and astrocytes,
are probable sources of these cytokines. Microglial depletion by colony-stimulating factor-1
receptor (CSF1R) inhibitors resulted in preserved neuronal integrity in an inducible mouse
model (NMDAR peptide immunized BALB/c mice). Interestingly, another study showed
that the administration of captopril (an angiotensin-converting enzyme (ACE)) inhibitor
significantly reversed the activation of microglia and improved the cognitive function of
mice [73].

Large clusters of leukocytes infiltrate the choroid plexus in vitro. The analysis of
the choroid plexus indicated a tertiary lymphoid structure formation, with evidence of
APC-lymphocyte interactions, cytokine production, and in situ somatic hypermutation [74].

3. Current Management of NPSLE

The management of NPSLE can be challenging, because of the complexity of its
pathogenesis, difficulty in its accurate diagnosis, and a lack of clinical trials in NPSLE.
Current treatment options for NPSLE are usually derived from observational studies and
refer to the experience of treatment of other SLE subtypes, such as lupus nephritis and
similar neuropsychiatric disorders [8,75].

Initially, it is crucial to develop pragmatic therapeutic strategies to determine the
attribution of nervous system disease to SLE, non-SLE causes, or both. Confounders and
mimics should be ruled out and the symptoms should be initially attributable to SLE at
the beginning. The goal of management of NPSLE is to meet two criteria. First, symp-
tomatic therapy is necessary: anti-epileptics for seizures, and anxiolytics, antidepressants,
mood-stabilizers, or antipsychotics should be administered as appropriate. Neurotrophic
and neuroleptic agents were generally adopted in case with peripheral nervous system
involvement [4]. The treatment of the underlying SLE process should be undertaken based
on whether the pathogenesis is primarily related to an inflammatory or ischemic disease
pathway (Figure 2).

Figure 2. Management for patients with neuropsychiatric systemic lupus erythematosus (NPSLE).
Created with biorender.com.
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3.1. Inflammatory Pathway Therapies

Glucocorticoids have been a cornerstone in the treatment of various manifestations of
NPSLE, especially in those associated with an immune-inflammatory pathogenesis [76,77].
High-dose glucocorticoids, alone or in combination with cyclophosphamide, azathioprine,
and mycophenolate mofetil, are reported to be effective, but their use is mainly based
on patient’s clinical experience of disease severity and their clinician’s preference. Given
the evidence linking glucocorticoids use to cumulative organ damage in SLE [78] and its
associated psychiatric symptoms [79,80], alternative therapeutic strategies are essential.

Unfortunately, high-level clinical evidence regarding the optimization of NPSLE
treatment is lacking. Only two of these agents (oral prednisone and intravenous cyclophos-
phamide) have been subjected to clinical trials for NPSLE [76], and both had positive
outcomes. In addition, a regimen of oral cyclophosphamide for 6 months followed by
azathioprine maintenance therapy was effective for the treatment of lupus psychosis [81].

The examination of biological agents in NPSLE is limited to uncontrolled studies.
Open studies on B-lymphocyte depletion with rituximab used alone or in combination with
conventional immunosuppressive agents, including cyclophosphamide, have reported
favorable results in children [82] and adults [83] with NPSLE; however, this requires further
study. Perhaps of relevance is the observation that rituximab can be beneficial in other
inflammatory neurological conditions, such as neuromyelitis optica, anti-NMDAR en-
cephalitis, and opsoclonus–myoclonus syndrome [84,85]. Studies of belimumab suggested
a beneficial response to belimumab in SLE, but patients with severe NPSLE were excluded
from these clinical trials [86].

3.2. Ischemic Pathway Therapies

Cerebral ischemia attributed to NPSLE, such as transient ischemic attacks and stroke
attributed to NPSLE events and is thought to be correlated with aPL antibodies. Thus, the pri-
mary prevention of cerebral ischemia in NPSLE is linked to a reduction in prothrombotic risk.

Low-dose aspirin is recommended for patients with cardiovascular risk factors [87].
However, a previous review of primary prevention in antiphospholipid syndrome (APS)
concluded that the current evidence does not support either the use of low-dose aspirin
or warfarin [88]. The optimal target international normalized ratio (INR) in such cases
is inconsistent [87] and the recommended INR target in patients with APS is 2.5–3.0. In
patients with recurrent thrombosis despite optimal warfarin therapy, the INR should be
kept at 3.0–4.0. Nevertheless, there is no obvious difference between low-intensity (target
INR 2.0–3.0] and high-intensity (target INR > 3.0) warfarin in the prevention of recurrent
thrombosis in controlled trials with APS patients [89,90]. Therefore, well-designed clinical
trials are needed to address this issue. Currently, the data are insufficient to recommend the
use of direct novel oral anti-coagulants to prevent aPL antibody-mediated thromboembolic
events [91].

Potential adjunctive therapies, especially in patients with arterial thrombosis and
recurrent venous thrombosis, include antimalarials and statins [87]. Statins can prevent
endothelial cell activation secondary to aPL antibodies [92], while antimalarial agents are
protective against thrombosis in patients with SLE [93].

4. Promising Targeted Therapies

Due to the lack of understanding of the exact pathogenic mechanisms behind this
condition as well as its diverse neuropsychiatric manifestations, we have limited experience
in targeted therapies for patients with NPSLE. The attenuation of neuropsychiatric diseases
in related animal models demonstrates the potential for targeted therapies, which are based
on a current understanding of the pathogenesis of NPSLE (Table 1).
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Table 1. Promising targeted therapies in NPSLE.

Promising Targeted Therapies
Underlying Mechanisms and

Clinical Findings
Experimental Arrangement Potential Drugs

Complement inhibitors

Complement signaling promotes the loss
of BBB integrity. Blocking the complement
cascades relieved the symptoms of NPSLE.

Complement deposits were present in
most of patients with NPSLE.

Human brain autopsies Eculizumab

BBB-targeted therapy

BBB disruption is essential in the neuronal
damage process. Restoration of normal

BBB function may reduce the development
of neuropsychiatric manifestations

Human and mouse cells;
C57 BL/6J mice, respectively

GW0742, a peroxisome
proliferator-activated
receptor β/δ agonist;

KD025, a rho
kinase inhibitor.

MMPs inhibitors

There is an association between
CSF/serum levels of MMP-9, psychiatric

NPSLE, and markers for
neuronal/astrocytic damage. MMP-9 may

contribute to the pathogenesis of
psychiatric NPSLE by stimulating

T-cell migration

- -

IFN-α/β receptor antagonists

IFN receptor inhibition decreased
microglia-related synaptic loss and

attenuated anxiety-like behavior and
cognitive deficits in animal models.

564Igi lupus-prone mice Anifrolumab

BTK inhibitors

Use of BI-BTK-1 (an inhibitor of BTK) in
MRL/lpr mice, decreased the infiltration
of macrophages, T cells, and B cells in the

choroid plexus, and improved
cognitive function.

MRL/lpr mice Ibrutinib; Evobrutinib

S1P receptor modulator

S1P receptor modulators decreased
proinflammatory cytokine secretion by
microglia and significantly improved
spatial memory and depression-like

behavior. Fingolimod (a S1P receptor
modulator) treatment attenuated

neuropsychiatric manifestations, reversed
the entry of immune components, and

decreased BBB leakage.
Fingolimod-treated microglia revealed

down- regulated of multiple
immune-mediated pathways, including
NF-kB signaling and the IFN response
with the negative regulation of type I

IFN-mediated signaling.

MRL/lpr mice Fingolimod

ACE inhibitors
ACE inhibitors treatment suppressed
microglial activation and promoted

cognitive status.
BALB/c mice Captopril; Perindopril

CSF1R inhibitors

CSF1R is essential in both macrophage
and microglia function.

Inhibition of CSF1R signaling in MRL/lpr
mice reduced the brain expression of

proinflammatory cytokines and
attenuated depression performance.

MRL/lpr mice
GW2580, a small CSF-1R

kinase inhibitor;
depletion of microglia

Nogo-a/NgR1 antagonists

Nogo-a/NgR1 in the CSF is significantly
increased in NPSLE.

Nogo-a/NgR1 antagonists improved
cognitive function, decreased the
expression of pro-inflammatory

components, and reduced axonal
degeneration and demyelination.

MRL/lpr mice Nogo-66

JAK inhibitors
JAK inhibitors penetrate the BBB and

reduce the production of several cytokines,
including type I IFNs.

- Tofacitinib
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4.1. Complement Inhibitors

A study devoted to the role of the complement protein C5a in the brain vasculature
indicated that the C5a/C5aR signaling plays a key role in disrupting the BBB integrity [94].
C5aR was blocked the complement cascades and retained their protective functions, which
relieved the symptoms of NPSLE. Thus, C5aR may be a potentially important therapeutic
target for NPSLE [95]. In addition, the presence of C5b-9 deposits in most patients with
NPSLE is important in the interaction between circulating autoantibodies and thrombo-
ischemic lesions observed in NPSLE. Therefore, the complement inhibitor eculizumab may
have novel therapeutic potential for NPSLE [68,96]. However, the efficacy of such treatment
in NPSLE remains to be further investigated.

4.2. BBB-Targeted Therapies

BBB dysfunction exposes the brain to components of the blood that are normally
excluded. Decreasing the permeability of the BBB could be advantageous for a patient
with NPSLE. This could prevent autoantibodies, cytokines, and non-immune proteins from
causing inflammation, neuronal hyperexcitability, and degeneration [97].

The restoration of normal BBB function is a potential therapeutic strategy. Two com-
pounds that reduce BBB permeability (GW0742, a peroxisome proliferator-activated re-
ceptor β/δ agonist [98], and KD025, a Rho kinase inhibitor [99]) have been studied in
experimental systems and may be considered as therapies.

4.3. MMPs Inhibitors

Matrix metalloproteinases (MMPs) are proteolytic enzymes that could degrade base-
ment membranes, disrupt inter-endothelial tight junctions, and activate membrane-bound
proinflammatory molecules. Among those, MMP-9 induces the production of cytokines
and leukocyte adhesion molecules by endothelial cells, facilitating the entry of leukocytes
and proteins into the CSF [100,101].

Studies have demonstrated an association between CSF/serum levels of MMP-9,
psychiatric NPSLE, and the markers of neuronal/astrocytic damage [102]. MMP-9 may
contribute to the pathogenesis of psychiatric NPSLE by stimulating T-cell migration. There-
fore, the inhibition of MMPs, especially MMP-9 [103], could introduce a novel biological
agent and may be beneficial in NPSLE.

4.4. IFN-α/β Receptor Antagonists

Anifrolumab, a type I interferon receptor antagonist that binds to the IFN-α/β receptor,
has been successfully used in phase III clinical trials for SLE treatment [104]. The adoption
of anifrolumab leads to a substantial reduction in moderate-to-severe active SLE; however,
patients with severe NPSLE were not involved in these trials [105]. Therefore, the results
may not support the efficacy of this drug in the treatment of NPSLE. However, as mentioned
before, the type I interferon receptor inhibition decreases microglia related synaptic loss
and attenuates anxiety-like behavior and cognitive deficits in lupus-prone mice [38]. This
implies that type I interferon inhibition may be an option for the treatment of NPSLE in the
future [106], especially in patients with a strong type I interferon signature.

4.5. BTK Inhibitors

Bruton’s tyrosine kinase (BTK) is essential for B cell function, including B cell devel-
opment and survival; for crystallizable fragment (Fc) receptor and toll-like receptor (TLR)
signaling in macrophages; and for macrophage polarization [107–109].

The inhibition of this pathway using of a specific inhibitor (BI-BTK-1) in MRL/lpr
mice resulted in the decreased infiltration of macrophages, T cells, and B cells in the choroid
plexus and improved cognitive function [110].

Ibrutinib, a selective BTK inhibitor, could potentially prove useful in the treatment of
neuropsychiatric disease, such as SLE [111]. This inhibitor has already have already been
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approved for clinical use in hematological indications [112] and results from ongoing early
phase clinical trials of BTK inhibitors in patients with SLE are eagerly awaited.

4.6. S1P Receptor Modulator

Fingolimod, a sphingosine-1-phosphate (S1P) receptor modulator, was shown to
decrease macrophage infiltration and proinflammatory cytokine secretion by microglia,
resulting in improved spatial memory and reduced depression-like behavior in MRL/lpr
mice [113]. Fingolimod administration attenuated neuropsychiatric manifestations, re-
versed the entry of immune components, and decreased BBB leakage in the above
studies [114].

In addition to the possible mechanisms mentioned above, fingolimod-treated microglia
revealed the downregulation of multiple immune-mediated pathways, including NF-kB
signaling and the IFN response, with the negative regulation of type I IFN-mediated
signaling [113].

In line with the approved use of fingolimod in relapsing–remitting multiple sclerosis,
these studies may support the potential use of fingolimod as a therapeutic strategy for
NPSLE patients.

4.7. ACE Inhibitors

ACE inhibitors, such as captopril and perindopril, improve cognitive status and
neuronal functions in lupus-prone mice [73].

Additionally, ACE inhibitors treatment in a lupus-prone model suppressed microglial
activation, which in turn preserved dendritic complexity in hippocampal neurons. Further
analysis is needed to explore the specific pathogenesis, but this therapeutic regimen may
also be considered in the future to treat cognitive impairment in NPSLE patients.

4.8. CSF1R Inhibitors

Macrophage colony stimulating factor 1 receptor (CSF1R) is an important regulator
of both macrophage and microglial functions. It plays a pivotal role in macrophage and
microglia development, survival, and activation [115].

In a mouse model, the inhibition of CSF1R signaling reduced the brain expression of
pro-inflammatory cytokines and attenuated depression performance [116], indicating that
CSF1R is a potential target for treating NPSLE in the future.

4.9. Nogo-a/NgR1 Antagonists

Neurite outgrowth inhibitor-A (Nogo-a) with its respective receptor, NgR1, forms a
signaling pathway that mediates the inhibition of neuron generation. Patients with NPSLE
have significantly increased levels of Nogo-a/NgR1 in the CSF, compared to other neuro-
logical diseases. It has also been demonstrated in MLR/lpr mice that the administration
of Nogo-66 [117], an antagonist of Nogo-a, improved cognitive function, decreased the
expression of pro-inflammatory components, and reduced axonal degeneration and de-
myelination, implying that Nogo-a is a potential therapeutic target for cognitive impairment
in NPSLE.

4.10. JAK Inhibitors

JAK inhibitors, which interfere with the JAK-STAT signaling pathway, are small
molecules that penetrate the BBB [118] and reduce the production of several cytokines,
including type I IFNs. Tofacitinib, a JAK1/JAK3 inhibitor is currently in phase II studies
for SLE treatment and is worthy of consideration in this regard [119]. However, whether it
is effective for NPSLE still requires further research.

5. Conclusions

Neuropsychiatric events in SLE patients are common and tend to be heterogeneous,
and many knowledge gaps remain in our basic understanding of NPSLE and its clini-
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cal management. Current available therapies are largely empirical, and most evidence
is derived from studies in animal models, which do not manifest the full spectrum of
human NPSLE.

Advances remain to be made in enhancing the understanding of the pathogenesis, and
optimizing our ability to diagnose, prognosticate, and treat NPSLE. Innovative strategies
targeting the brain structural barrier, specifically autoantibodies, cytokines, and brain-
resident cells, are worthy of exploration and further study.

We anticipate that some of these pathways could serve as targets for the development
of a new therapeutic strategies. Promising research efforts into novel targeted therapies
and improved diagnostic tools are ongoing; however, much work remains to be done to
optimize our ability to diagnose, prognosticate, and treat NPSLE.
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Abstract: Objective: To define predictors of response, time to response, flares, and long-term renal
outcome in an inception cohort of proliferative lupus nephritis (PLN). Methods: We included
100 patients (80% female; mean age 31 ± 13 years) with biopsy-proven PLN (III, IV, III/IV + V).
Clinical, laboratory, histological and therapeutical parameters were recorded at baseline, 6, 9, 12,
18, 24, 36, 72 months, time of flare, and last follow-up visit. Logistic and Cox-regression models
were applied. Results: After induction treatment (69% received cyclophosphamide (CYC) and
27% mycophenolic acid (MPA)), partial (PR) or complete (CR) response was achieved in 59% (26%
CR, 33% PR) and 67% (43% CR, 24% PR) of patients at 3 and 6 months, respectively; median time
to PR was 3 months (IQR 5) and median time to CR was 6 months (IQR 9). Baseline proteinuria
<1.5 g/day correlated with a shorter time to CR (HR 1.77) and with CR at 3, 6, and 9 months (OR
9.4, OR 5.3 and OR 3.7, respectively). During 100-month median follow-up, 33% of patients had
≥1 renal flares (median time: 38 months). Proteinuria >0.8 g/day at 12 months was associated with
a higher risk of flares (OR 4.12), while MPA and mixed classes with lower risk (OR 0.14 and OR 0.13,
respectively). Baseline proteinuria >2 g/day and 12-month proteinuria >0.8 g/day correlated with
a shorter time to flare (HR 2.56 and HR 2.57, respectively). At the end of follow-up, 10% developed
stage 3–4 chronic kidney disease (CKD), and 12% end-stage renal disease (ESRD). Twelve-month
proteinuria >0.8 g/day (OR 10.8) and interstitial fibrosis/tubular atrophy >25% (OR 7.7) predicted
CKD or ESRD at last visit. Conclusions: Baseline proteinuria <1.5 g/day predicted time to CR.
Twelve-month proteinuria >0.8 g/day correlated with flares (ever) and time to flare and, along with
baseline interstitial fibrosis/tubular atrophy >25%, predicted CKD or ESRD at the last visit.

Keywords: lupus nephritis; renal response; renal survival; twelve-month proteinuria; interstitial
fibrosis/tubular atrophy

1. Introduction

In systemic lupus erythematosus (SLE), renal involvement is the most common severe
complication of the disease affecting approximately 20–60% of patients [1] and conferring
a high morbidity and mortality risk [2–4]. End-stage renal disease (ESRD) still occurs at
varying rates among different cohorts of patients with lupus nephritis (LN), despite the
revolutionary changes in LN treatment over the past fifty years [5,6]. A wide range of
demographic, socioeconomic and disease-related parameters have been associated with
LN’s short- and long-term outcomes. Histological class is a major determinant of renal
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survival in LN, with the proliferative classes having the worst prognosis compared to other
classes [5,7].

The main therapeutic goal in patients with LN is the long-term preservation of renal
function, preventing and managing comorbidities, and improving disease-related quality
of life [8]. These goals can be achieved by inducing and maintaining disease remission and
by preventing and timely treating disease flares [9,10]. In this context, recognizing early
predictors of renal response, flare and long-term renal survival is paramount in guiding the
therapeutic management of LN patients.

The aim of the present study is (a) to examine the response to treatment and short- and
long-term renal outcomes in an inception cohort of patients with proliferative LN; (b) to define
predictors of response, time to response, flares and long-term adverse renal outcomes.

2. Patients and Methods

2.1. Study Population

We examined an inception cohort of 100 patients with proliferative LN diagnosed
between 1992 and 2021 and followed up at our joint academic center (Nephrology and
Rheumatology Units) at Laiko General Hospital of Athens until April 2022. All patients
fulfilled the 2019 classification criteria for SLE and had a biopsy-proven diagnosis of
proliferative LN (class III, IV, III/IV + V), classified according to the International Society
of Nephrology/ Renal Pathology Society (ISN/RPS) 2003 lupus nephritis classification
system. Among 100 patients identified with PLN, 28% (28/100) had class III, 47% (47/100)
class IV, 9% (9/100) mixed class III + V and 16% (16/100) mixed class IV + V.

2.2. Data Collection

We retrospectively reviewed medical charts of patients and recorded clinical, labo-
ratory, histological and therapeutical parameters at the following time points: time of
histological diagnosis of LN; 3, 6, 9, 12, 18, 24, 36, 72 months after the diagnosis; time of
renal flare (with or without a repeat biopsy), and at last follow-up visit. Patients with
inadequate data and less than 6 months of follow-up were excluded.

Data collected included demographic parameters, time from SLE diagnosis to LN
onset, disease activity (assessed by Systemic Lupus Erythematosus Disease Activity Index
2000, SLEDAI-2K score) [11], anti-ds DNA titers, C3 and C4 levels, serum urea (Ur),
creatinine (Cr) and albumin, eGFR (based on the CKD-EPI formula), 24-h proteinuria, urine
sediment, renal biopsy histological parameters (LN class, activity index (AI), chronicity
index (CI), crescents, interstitial fibrosis/tubular atrophy (IF/TA)), and treatment regimens.

All data (demographic, clinical, laboratory and histological) were extracted from
our anonymized cohort dataset. No individualized or identifiable data are presented in
this study. The study was approved by the Institutional Review Board (protocol number
1725/14-12-2017) of Laiko General Hospital of Athens.

2.3. Patient and Public Involvement

Patients and/or the public were not involved in this research’s design, conduct,
reporting or dissemination plans.

2.4. Definitions

Response and flares were defined according to the 2012 EULAR/ERA-EDTA [8] and
the 2012 KDIGO recommendations [12] as follows: Active urine sediment: the presence
of >5 RBCs/hpf or ≥1 red cell casts. Complete response (CR): proteinuria <500 mg/24 h
and serum creatinine within 10% of baseline values. Partial response (PR): ≥50% reduction
in proteinuria to subnephrotic levels and serum creatinine within 10% of baseline values.
Nephritic flare: increase in glomerular haematuria by ≥10 RBCs/hpf with or without
a decrease in eGFR by ≥10%, irrespective of changes in proteinuria. Nephrotic flare:
reproducible doubling of proteinuria to >1000 mg/24 h if a complete response had been
previously achieved or reproducible doubling of proteinuria to ≥2000 mg/24 h if a partial
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response has been previously achieved. Stage 3–4 chronic kidney disease (CKD): eGFR
15–60 mL/min/1.73 m2 for more than 3 months, and end-stage renal disease (ESRD) as
eGFR < 15 mL/min/1.73 m2 or initiation of renal replacement therapy [13].

2.5. Statistical Analysis

Continuous variables were expressed as the mean value and standard deviation or
median value and interquartile range (IQR), whereas categorical variables as frequencies
and percentages. To investigate the differences in baseline parameters between patients
with different therapeutical schemes, the t-test and Mann–Whitney U test for independent
samples for continuous variables and the χ2 and Fisher exact test for categorical variables
were applied. Univariate logistic regression analyses were performed to estimate the
prognostic effect of various variables on the risk of renal flare and adverse renal outcomes.
Cox regression analyses investigated the association between patients’ variables and time
to response or response at specific time points. Variables found to be significant in the
univariate analyses were included in the multivariate models. In the models identifying
predictors of flare and adverse renal outcome, due to a small number of events, selected
independent variables were included in the multivariate analyses after multicollinearity
was examined. Multicollinearity issues were assessed with appropriate tests (χ2, Cramer’s
V coefficient (V), analysis of variants (ANOVA), Spearman correlation coefficient (rs) and
Mann–Whitney U test) before performing multivariate analyses. Strong correlation among
specific variables excluded some parameters from the multivariate models. Significance
was set at α = 0.05. The estimated odds ratios (ORs) and hazard ratios (HRs) of both
the univariate and multivariate models and the related p-values are presented. Data
were analyzed using Stata 13.0 software (Stata Corporation, College Station, TX). All tests
proceeded as two-tailed.

3. Results

3.1. Baseline Characteristics

We studied 100 patients with biopsy-proven proliferative LN. The baseline demo-
graphic, clinical, laboratory and histological characteristics and the therapeutic regimens
applied are shown in Table 1. All biopsies contained ≥10 glomeruli, and those performed
before 2003 were reassessed based on ISN/RPS 2003 classification system. The median
follow-up time was 100 months (IQR = 108).

Table 1. Baseline demographic, clinical, laboratory and histological characteristics and immunosup-
pressive treatment regimens.

Baseline Characteristics
Mean ± SD,

Median(IQR),
N/%

Age (yr) mean ± SD 31 ± 13

Sex (M-F) N/% 20/20–80/80

Race (Caucasian-Other) N/% 96/96–4/4

Time from SLE diagnosis to LN (years)median(IQR) ()

LN as first presentation of SLE N/% 51/51

SLEDAI score median(IQR) 12(4)

Low C3 N/% 1 65/77.5

Low C4 N/% 1 55/65.5
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Table 1. Cont.

Baseline Characteristics
Mean ± SD,

Median(IQR),
N/%

Positive anti-dsDNA antibodies N/% 2 63/78.5

Proteinuria (g/24 h) median (IQR) 2.6(4)

• Proteinuria >3 g/d N/% 48/48

• Proteinuria 1–3 g/d N/% 31/31

• Proteinuria <1 g/d N/% 21/21

Active urine sediment N/% 92/92

Hypertension N/% 28/28

Serum albumin (g/dL) mean ± SD 3.1 ± 0.8

Serum Cr (mg/dL) median(IQR) 0.8(0.5)

eGFR (mL/min/1.73 m2) median(IQR) 94.5(50)

• eGFR >60 N/% 75/75

• eGFR 30–60 N/% 14/14

• eGFR <30 N/% 11/11

LN class

• III N/% 28/28

• IV N/% 47/47

• III + V N/% 9/9

• IV + V N/% 16/16

Number of crescents median(IQR) 2(4)

Activity Index median(IQR) 10(6)

Chronicity Index median(IQR) 2(2)

Interstitial fibrosis/tubular atrophy *,3

• <25% N/% 85/87

• >25% N/% 13/13

Induction Treatment

• mycophenolic acid N/% 27/27

• cyclophosphamide N/% 69/69

• other 3/3

• none N/% 1/1

Maintenance Treatment

• mycophenolic acid N/% 77/77

• azathioprine N/% 8/8

• cyclophosphamide N/% 5/5

• none N/% 10/10

Duration of total treatment (months)median(IQR) 39(38)

eGFR: estimated glomerular filtration rate using the CKD-EPI formula, SLEDAI: systemic lupus erythematosus
disease activity index, anti-ds DNA: antibodies against double-stranded DNA. * refers to the percentage of the
renal cortex involved by interstitial fibrosis and tubular atrophy. 1 data available for 84/100 patients, 2 data
available for 80/100 patients, 3 data available for 98/100 patients.

3.2. Immunosuppressive Regimens

Induction treatment consisted of cyclophosphamide (CYC) in 69% (69/100) of patients
(in combination with rituximab (RTX) in 12/69), mycophenolic acid (MPA) in 27% (27/100,
in combination with RTX in 4/27) and RTX alone in 2 patients. All the above patients
received corticosteroids. One patient was treated only with corticosteroids due to non-
compliance, while one patient did not receive any immunosuppressive treatment due to
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progression to ESRD soon after LN diagnosis (Table 1). CYC was given in all 69 patients
intravenously, following the NIH regimen in 96% and the ELNT regimen in 4% of cases.

Patients treated with CYC differed significantly in several baseline parameters com-
pared to those treated with MPA (Supplemental Table S1). Although baseline eGFR did
not differ between the two treatment groups, all patients with eGFR <30 mL/min/1.73 m2

were treated with CYC. Half of the patients with class III were treated with CYC and half
with MPA (13/26 vs. 13/26). CYC was more often preferred over MPA for patients with
class IV (87% (40/46) vs. 13% (6/46)) and for patients with class IV + V (88% (14/16) versus
12% (2/16)). Patients with class III + V received more often MPA than CYC (75% (6/8)
versus 25% (2/8)) (data not shown).

Maintenance treatment consisted of MPA in 77% (77/100) of patients, azathioprine (AZA)
in 8% (8/100) and CYC in 5% (5/100). Ten patients (10/100, 10%) did not receive any immuno-
suppressive maintenance treatment (Table 1); 5/10 due to early progression to ESRD, 2/10 who
received RTX as induction continued with steroids only, 1/10 due to non-compliance, and 2/10
were lost to follow-up after completing the 6-month induction treatment.

The median duration of treatment was 39 months (IQR = 38) and did not differ
between the CYC and MPA groups. Additionally, 76% (76/100) of patients received
hydroxychloroquine and 65% (65/100) an ACEi or ARB.

3.3. Renal Response and Determinants of Response

For up to 72 months, 59% of patients achieved complete (CR) or partial (PR) response
at 3 months (26% CR, 33% PR), 67% at 6 months (43% CR, 24% PR), 75% at 9 months (45%
CR, 30% PR), 88% at 12 months (69% CR, 19% PR), and 86% at 18 months (71% CR, 15%
PR), with similar percentages at all the following time points (Figure 1).

Figure 1. Patients with a renal response at different time points during follow-up.

The median time to PR and CR was 3 months (IQR = 5) and 6 months (IQR = 9), respec-
tively. Time to CR was significantly shorter in patients with class III (median/IQR 3/4) com-
pared to patients with class IV (median/IQR 10/13, p <0.001) and those with mixed classes
(median/IQR 10/11, p = 0.006) in the 6, 9, 12 and 18-month time points (p for log-rank = 0.49,
p for Wilcoxon = 0.02) (Supplemental Figure S1). There was no difference in time to CR
between class IV and mixed classes (p = 0.94). Time to response between the two treatment
groups (CYC versus MPA) did not differ significantly (Supplemental Figure S1). Median
time to CR was 6 months (IQR = 7.5) in the MPA group and 7 months (IQR = 15) in the
CYC group (p = 0.09).

Moreover, 7% of patients (7/100) of the cohort did not ever respond to treatment, 6 of
whom progressed to ESRD, while one patient had a preserved renal function at 7 months
but was lost to follow-up afterward. Two nonresponders, who progressed to ESRD after 4
and 5 months, died at 6 and 7 months, respectively, after LN diagnosis.
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In Cox regression analysis, proteinuria <1.5 g/day at LN diagnosis was the only
parameter that significantly correlated with a shorter time to complete response (HR 1.77,
p = 0.01) (Table 2).The two treatment groups were compared when they were used alone or
in combination with RTX.

Table 2. Predictors of time to complete response.

Variables

Univariate Models Multivariate Model

HR
95% Cis

(p-Value)
HR

95% Cis
(p-Value)

Age (years) 1.01 0.98, 1.02 (0.53)

Sex

• Male Reference Group

• Female 1.29 0.73, 2.29 (0.36)

Time from SLE diagnosis to LN (years) 0.98 0.94, 1.03 (0.6)

Hypertension

• No Reference Group

• Yes 0.7 0.43, 1.16 (0.18)

Low C3

• Yes Reference Group

• No 0.73 0.40, 1.33 (0.31)

Low C4

• Yes Reference Group

• No 0.68 0.4, 1.15 (0.15)

Anti-dsDNA antibodies

• Negative Reference Group

• Positive 1.26 0.7, 2.32 (0.44)

eGFR at diagnosis(mL/min/1.73 m2)

• >60 Reference Group

• <60 0.66 0.39, 1.13 (0.13)

Proteinuria at diagnosis (g/day)

• >1.5 Reference Group

• <1.5 1.77 1.10, 2.84 (0.01)

LN class

• III Reference Group

• IV 0.87 0.5, 1.47 (0.62)

• III/IV + V 0.69 0.37, 1.31 (0.26)

Number of Crescents 0.97 0.93, 1.01 (0.24)

Activity Index 1 0.96, 1.05 (0.75)

Chronicity Index 0.92 0.82, 1.04 (0.19)

Interstitial fibrosis/Tubular atrophy

• <25% * Reference Group

• >25% * 0.82 0.39, 1.72 (0.61)

Induction treatment **

• CYC Reference Group

• MPA 0.92 0.55, 1.56 (0.78)

eGFR: estimated glomerular filtration rate using the CKD-EPI formula, SLEDAI: systemic lupus erythematosus
disease activity index, anti-ds DNA: antibodies against double-stranded DNA, CYC: cyclophosphamide, MPA:
mycophenolic acid. * refers to the percentage of the renal cortex involved by interstitial fibrosis and tubular
atrophy, ** the two treatment groups were compared with and without the concomitant use of rituximab.
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We further compared patients who achieved CR at 12-18-24 months versus those with
PR or no response at the respective time points. We found that the only significant predictor
of CR was baseline proteinuria <1.5 g/day (OR 16.9, p = 0.008 for month 12, OR 5.24,
p = 0.01 for month 18 and OR 4, p = 0.03 for month 24) (Supplemental Table S2). Although
achievement of CR in earlier time points was less frequent, baseline proteinuria <1.5 g/day
was also found to be the only significant predictor of CR at 3 months (OR 9.4, p <0.001)
and 6 months (OR 5.3, p = 0.004), and, along with baseline eGFR > 60 mL/min (OR 4.04,
p = 0.02), predicted CR at 9 months (OR 3.7, p = 0.02) (Supplemental Table S2).

3.4. Renal Flares and Determinants of Flares

Thirty-three percent (33/100) of patients had ≥1 renal flares in a median time of
38 months (IQR = 43); 30% (10/33) of flares were nephritic, and 70% (23/33) nephrotic.
Repeat biopsy was performed in 91% (30/33) of cases, and a class switch was observed in
67% (20/30) of them. In all 30 repeat biopsies, active LN lesions were confirmed. In two of
them, a pattern of focal segmental glomerulosclerosis was also described, which may have
contributed to the nephrotic clinical presentation of these patients.

In univariate logistic regression analysis, longer time to response was identified as
a significant risk factor of flare (OR 1.14, p = 0.01 for PR, OR 1.05, p = 0.01 for CR) (Table 3).
Response (CR or PR) at 3 months (OR 1.05, p = 0.9), 6 months (OR 1.25, p = 0.66) and
9 months (OR 2.2, p = 0.19) after treatment did not significantly affect the risk of flare.
Statistical significance was found for lack of response (CR or PR) at 12 (OR 3.8, p = 0.04), 18
(OR 4.9 p = 0.01) and 24 (OR 6.6, p = 0.02) months (Supplemental Table S3).

Table 3. Predictors of flares.

Variables

Univariate Models Multivariate Model

OR
95% CIs

(p-Value)
OR

95% CIs
(p-Value)

Age (years) 0.95 0.92, 0.98 (0.02) 0.98 0.94, 1.03 (0.58)

Sex

• Male Reference Group

• Female 0.5 0.19, 1.42 (0.2)

Time from SLE diagnosis to LN (years) 0.93 0.84, 1.04 (0.23)

Hypertension

• No Reference Group

• Yes 0.96 0.37, 2.47 (0.94)

Low C3

• Yes Reference Group

• No 0.9 0.29, 2.96 (0.9)

Low C4

• Yes Reference Group

• No 0.3 0.09, 0.99 (0.05)

Anti-dsDNA antibodies

• Negative Reference Group

• Positive 0.96 0.29, 3.1 (0.94)
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Table 3. Cont.

Variables

Univariate Models Multivariate Model

OR
95% CIs

(p-Value)
OR

95% CIs
(p-Value)

eGFR at diagnosis (mL/min/1.73 m2)

• >60 Reference Group

• <60 0.7 0.27, 1.98 (0.5)

Proteinuria at diagnosis (g/day)

• <2 Reference Group

• >2 3 1.14, 7.89 (0.02)

LN class

• III Reference Group

• IV 0.59 0.22, 1.55 (0.28) 0.38 0.09, 1.6 (0.19)

• III/IV + V 0.21 0.05, 0.8 (0.02) 0.13 0.01, 0.8 (0.02)

Number of Crescents 0.96 0.88, 1.05 (0.44)

Activity Index 1.01 0.91, 1.11 (0.8)

Chronicity Index 0.77 0.59, 1.01 (0.06)

Interstitial fibrosis/Tubular atrophy

• <25% * Reference Group

• >25% * 0.6 0.15, 2.4 (0.48)

Induction treatment **

• CYC Reference Group

• MPA 0.25 0.08, 0.8 (0.02) 0.14 0.03, 0.7 (0.01)

Time to PR (months) 1.14 1.02, 1.26 (0.01)

Time to CR (months) 1.05 1.01, 1.1 (0.01)

Time to CR/PR (months) 1.11 1.02, 1.21 (0.01)

Proteinuria at 12 m (g/day)

• <0.8 Reference Group

• >0.8 3.38 1.14, 10 (0.02) 4.12 1.15, 14 (0.02)

eGFR: estimated glomerular filtration rate using the CKD-EPI formula, SLEDAI: systemic lupus erythematosus
disease activity index, anti-ds DNA: antibodies against double-stranded DNA, CYC: cyclophosphamide, MPA:
mycophenolic acid, CR: complete response, PR: partial response. * refers to the percentage of the renal cortex
involved by interstitial fibrosis and tubular atrophy, ** the two treatment groups were compared with and without
the concomitant use of rituximab.

Proteinuria >2 g/day at diagnosis (OR 3, p = 0.02), and proteinuria >0.8 g/day at
12 months (OR 3.38, p = 0.02) were significantly associated with a higher risk of flare.
Conversely, parameters associated with a lower risk of flares were older age (OR 0.95,
p = 0.02) and treatment with MPA (OR 0.25, p = 0.02) compared to treatment with CYC
(whether these agents were used alone or in combination with RTX). Mixed classes were
also found to reduce the risk of flare (OR 0.21, p = 0.02), but this association was significant
only when mixed classes were compared to class III and not to class IV (Table 3).

Since proteinuria at diagnosis, as a variable, was found to be strongly associated with
induction therapy, histological class, and proteinuria at 12 months, it was not included in
the multivariate model for the risk of flare. Accordingly, time to remission was strongly cor-
related with proteinuria at 12 months and LN class and was not included in the multivariate
model (Supplemental Table S4).
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In the multivariate analysis, proteinuria >0.8 g/day at 12 months was a significant
predictor of flare (OR 4.12, p = 0.02), while treatment with MPA (OR 0.14, p = 0.01) and
mixed classes were associated with lower flare risk (OR 0.13, p = 0.02) (the latter only when
compared to class III) (Table 3).

Baseline proteinuria >2 g/day (HR 2.56, p = 0.02) and proteinuria >0.8 g/day at 12 months
(HR 2.57, p = 0.01) were also found to correlate with shorter time to flare (Figure 2).

Figure 2. Kaplan–Meier survival estimates of probability for flare according to (a) Proteinuria at the
time of LN diagnosis, (b) Proteinuria at 12 months.

3.5. Patient Survival

At a median follow-up time of 100 months, four deaths were reported. A 59-year-old
and heavy smoker patient died due to lung cancer 8 years after LN diagnosis, during
which he was on immunosuppressive treatment (he received CYC as induction treatment
followed by MPA for 3 years and AZA, due mainly to extrarenal manifestations, for 5 years).
One patient, aged 65, died due to bladder cancer 8 years after LN diagnosis. Interestingly,
this patient had never received CYC. Two other patients, aged 30 and 38, died from sepsis
(7 and 6 months after LN diagnosis, respectively). Both patients had presented with rapid
deterioration of renal function and progressed to ESRD very soon after LN diagnosis.

3.6. Renal Survival

At the end of the follow-up period, 10% (10/100) of patients developed stage 3–4 CKD,
and 12% (12/100) progressed to ESRD.

Six of 12 (50%) patients who reached ESRD were nonresponders, and in 5 of them,
ESRD was developed in the first 9 months. Seven (58%) patients progressed to ESRD after
55–183 months from LN diagnosis. eGFR at the time of diagnosis, renal response, and time
until ESRD are shown in Supplemental Table S5.

We defined the composite endpoint of stage 3–4 CKD and ESRD as adverse long-term
renal outcomes. Of note, all patients who had a decrease of eGFR >25% of baseline values
at the last follow-up had reached stage 3–4 CKD or ESRD.

In the univariate logistic regression analysis, adverse long-term renal outcome was
significantly associated with baseline eGFR < 60 mL/min/1.73 m2 (OR 6, p = 0.001),
interstitial fibrosis/tubular atrophy >25% (OR 5.44, p = 0.007), proteinuria >0.8 g/day at
12 months (OR 9.5, p = 0.003) and longer time to response (OR 1.1, p = 0.01) (Table 4). The
risk for stage 3–4 CKD or ESRD was greater for those not achieving any response after
6 months of treatment (OR 6.4, p = 0.001), while response at 3 months did not seem to affect
long-term renal outcome significantly (OR 2.2, p = 0.11) (Supplemental Table S6).
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Table 4. Predictors of long-term adverse renal outcome (stage 3–4 CKD, ESRD).

Variables

Univariate Models Multivariate Model

OR
95% CIs

(p-Value)
OR

95% CIs
(p-Value)

Age (years) 1 0.96, 1.03 (0.9)

Sex

• Male Reference Group

• Female 0.8 0.2, 2.5 (0.7)

Time from SLE diagnosis to LN (years) 1 0.9, 1.1 (0.9)

Hypertension

• No Reference Group

• Yes 2.28 0.83, 6.2 (0.1)

Low C3

• Yes Reference Group

• No 0.75 0.2, 3 (0.68)

Low C4

• Yes Reference Group

• No 1.6 0.53, 4.9 (0.4)

Anti-dsDNA antibodies

• Negative Reference Group

• Positive 0.45 0.1, 1.5 (0.2)

eGFR at diagnosis (mL/min/1.73 m2)

• >60 Reference Group

• <60 6 2, 16 (0.001)

Proteinuria at diagnosis (g/day)

• <1.5 Reference Group

• >1.5 1.7 0.56, 5.12 (0.34)

LN class

• III Reference Group

• IV 0.59 0.19, 1.77 (0.34)

• III/IV + V 0.62 0.17, 2.24 (0.47)

Number of Crescents 1 0.93, 1.07 (0.91)

Activity Index 1.03 0.92, 1.16 (0.5)

Chronicity Index 1.13 0.87, 1.47 (0.34)

Interstitial fibrosis/Tubular atrophy

• <25% * Reference Group

• >25% * 5.44 1.59, 18 (0.007) 7.7 1.48, 40 (0.01)

Induction treatment **

• CYC Reference Group

• MPA 1.02 0.35, 3 (0.95)
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Table 4. Cont.

Variables

Univariate Models Multivariate Model

OR
95% CIs

(p-Value)
OR

95% CIs
(p-Value)

Time to PR (months) 1.14 1.04, 1.26 (0.006)

Time to CR (months) 1.04 0.99, 1.1 (0.1)

Time to CR/PR (months) 1.1 1.02, 1.2 (0.01)

Proteinuria at 12 m (g/day)

• <0.8 Reference Group

• >0.8 9.5 1.84, 20 (0.003) 10.8 2.7, 42 (0.001)

eGFR: estimated glomerular filtration rate using the CKD-EPI formula, SLEDAI: systemic lupus erythematosus
disease activity index, anti-ds DNA: antibodies against double-stranded DNA, CYC: cyclophosphamide, MPA:
mycophenolic acid, CR: complete response, PR: partial response. * refers to the percentage of the renal cortex
involved by interstitial fibrosis and tubular atrophy, ** the two treatment groups were compared with and without
the concomitant use of rituximab.

eGFR at diagnosis was strongly correlated with baseline proteinuria, proteinuria at
12 months, and interstitial fibrosis/tubular atrophy. Therefore, it was excluded from the
multivariate model. Time to remission was strongly correlated with baseline proteinuria,
proteinuria at 12 months, and eGFR at diagnosis and was not included in the multivariate
model either (Supplemental Table S7).

In multivariate analysis, proteinuria >0.8 g/day at 12 months (OR 10.8, p = 0.001)
and interstitial fibrosis/tubular atrophy >25% at LN diagnosis (OR 7.7, p = 0.01) remained
significant predictors of adverse renal outcome (Table 4).

4. Discussion

A major therapeutic goal in patients with LN is the long-term preservation of renal
function by minimizing chronic active or relapsing disease and, at the same time, avoiding
excessive drug toxicity. In this context, we need to identify predictors of renal response,
relapse, and long-term adverse renal outcomes to optimize our therapeutic strategies.
Short-term predictors can also serve as endpoints in large clinical trials investigating
new therapeutic agents [14–17]. In our study, baseline proteinuria <1.5 g/day was the
only significant predictor of time to complete response, while proteinuria >0.8 g/day at
12 months and treatment with CYC (compared to MPA) emerged as strong predictors of
renal flare. We also showed that adverse long-term renal outcomes (stage 3–4 CKD, ESRD)
could only be predicted by interstitial fibrosis/tubular atrophy >25% in baseline biopsy
and proteinuria >0.8 g/day at 12 months.

In our study, response to treatment was achieved early after induction treatment;
59% of patients had a renal response at 3 months (26% CR, 33% PR), 67% at 6 months
(43% CR, 24% PR), 88% at 12 months (69%CR, 19% PR) and 88% (71% CR, 17% PR) at
2 years. These results are encouraging compared to previous studies reporting 33–50%
CR at 6 months, 49–68% CR at 12 months, and 63% CR at 2 years [9,14,18–24], although
our population was predominantly Caucasian. Response to treatment has been associated
with better long-term renal outcomes [25–28], with some studies reporting better renal
survival in patients with CR than those with PR only [19,27]. In contrast, others did not
find any significant differences [9]. Baseline renal function, proteinuria, hypertension,
histological activity and chronicity indexes have been previously suggested as predictors
of renal response [9,18,19,24,29–31]. In our study, baseline proteinuria >1.5 g/day emerged
as the most significant predictor of early (i.e., at 3, 6, 9 months) and late complete response
(i.e., at 12, 18 and 24 months). Time to response has not been fully addressed in previous
studies, with some reporting a correlation with improved renal survival [28] and others
a predictive role of baseline proteinuria [18,32]. Our study predicted time to CR only by
baseline proteinuria >1.5 g/day.
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Renal flare is a recognized predictor of progressive CKD and morbidity in LN pa-
tients [10,33]. Different studies report flare rates of 25–66% [14,34–36], largely depending on
follow-up time and definitions of flare. In our study, 33% of patients experienced a relapse
in a median time of 38 months. Few data are available regarding factors predictive of
flare. Attainment of CR, rather than PR, shorter time to CR and maintenance treatment
with MPA (compared to AZA) have been the main determinants of flare occurrence across
studies [14,35–37]. In our study, although a longer time to either CR or PR correlated
with a higher risk of flare, this correlation was significant only for responses at 12, 18 and
24 months. Induction treatment with MPA (compared to CYC) and proteinuria <0.8 g/day
at 12 months were significantly associated with a lower risk of flare, with the latter finding
adding to the value of 12-month proteinuria as a predictor of renal outcome. Proteinuria
at the time of LN diagnosis, apart from affecting time to response, was also found to be
a risk factor for flare. The cut-off level that was strongly associated with a higher flare
risk was determined at 2 g/day. Baseline proteinuria >2 g/day and 12-month proteinuria
>0.8 g/day were also found to correlate with a shorter time to flare. Interestingly, pure
proliferative classes conferred a greater risk of flare when compared to mixed classes, but
the difference was significant only between class III and mixed classes. Other baseline
histological characteristics did not affect the risk of flare. However, studies have shown
that the activity index of repeat, instead of initial, biopsy may predict flare occurrence and
the time of flare [38,39].

Recent studies report cumulative renal survival rates in proliferative LN of 91, 81, 75
and 66% at 5, 10, 15 and 20 years, respectively, and 5-, 10- and 15-year cumulative incidence
of ESRD of 3–11%, 6–19% and 19–25% respectively [40–43]. In our study, 22% of patients
reached the composite renal outcome (stage 3–4 CKD or ESRD) in a median follow-up
time of 100 months. Several studies have identified baseline parameters as predictors
of long-term renal prognosis, such as creatinine, proteinuria, hypertension, activity and
chronicity index [43,44], while others [15,16,18,28,40,44,45] highlight the importance of re-
nal parameters at 12 months as single variables (i.e., proteinuria <0.7 g/day or <0.8 g/day)
or as composite endpoint (i.e., renal response). Renal response definition, however, is not
uniform across studies. The current study demonstrated that the only variables strongly as-
sociated with long-term adverse renal outcomes were proteinuria >0.8 g/day at 12 months
and interstitial fibrosis/tubular atrophy >25% at the initial biopsy. Baseline proteinuria did
not seem to affect renal survival significantly. Some studies have reported that activity and
chronicity index, as well as interstitial fibrosis/tubular atrophy, correlate with a worse renal
outcome when evaluated in repeat and not in initial biopsies [38,46]. In our study, intersti-
tial fibrosis/tubular atrophy emerged as the only histologic parameter of the initial biopsy
that could predict a worse renal outcome. Interstitial fibrosis at initial biopsy has already
been associated with adverse renal outcomes [45,47].These results imply that evaluating
distinct components of the activity and chronicity indexes in initial and repeat biopsies may
be of greater value in predicting renal response and long-term outcome than relying solely
on activity and chronicity indexes. While some studies report that a very early response
(i.e., at 3 months) can predict long-term renal outcomes [48,49], we did not find that such
an early response significantly affected renal survival. In our study, a response at 6, 12, 18
and 24 months predicted a better renal outcome.

The use of an inception cohort of biopsy-proven proliferative (only) LN patients, the
long follow-up time of 100 months, and the uniform approach in the setting of a specialized
academic center constitute the main strengths of our study. The study’s limitations are its
retrospective design and the inclusion of almost exclusively Caucasian patients.

5. Conclusions

The current study highlights the value of baseline proteinuria <1.5 g/day as the only
early predictor of time to complete response in patients with proliferative LN. It also
demonstrates that induction treatment with mycophenolic acid significantly lowers the risk
of renal flare. At the same time, 12-month proteinuria >0.8 g/day correlates significantly
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with flare occurrence and, along with interstitial fibrosis/tubular atrophy >25% at the initial
biopsy, strongly predicts long-term renal outcome.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11175017/s1, Table S1: Differences in baseline characteristics
between the two major induction treatment groups (mycophenolic acid versus cyclophosphamide);
Table S2: Predictors of complete response at 3-6-9-12-18-24 months; Table S3: Response (CR or
PR) at different time points as predictors of flare; Table S4: Statistical tests examining correlation
between independent predictors of risk of flare; Table S5: Renal function at presentation, response to
treatment and time to renal failure in patients with ESRD; Table S6: Responses at different time points
as predictors of adverse renal outcome; Table S7: Statistical tests examining correlation between
independent predictors of risk of adverse renal outcome; Figure S1: Kaplan-Meier survival estimates
of probability for response according to [a] proliferative lupus nephritis class [b] treatment with
cyclophosphamide versus MPA/MMF.
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Abstract: Background: The B-cell activating factor (BAFF) controls the maturation and survival of
B cells. An imbalance in this cytokine has been associated with systemic autoimmunity in SLE and
lupus nephritis (LN). However, few investigations have evaluated the tissular expression of BAFF in
LN. This study aimed to associate BAFF system expression at the tissular level with the proliferative
LN classes. Methods: The analysis included eighteen kidney tissues, with sixteen LN (class III = 5,
class IV = 6, class III/IV+V = 4, and class V = 1), and two controls. The tissular expression was
evaluated with an immunochemistry assay. A Cytation5 imaging reader and ImageJ software were
used to analyze the quantitative expression. A p-value < 0.05 was considered significant. Results:
The expressions of BAFF, A proliferation-inducing ligand (APRIL), and their receptors were observed
in glomerular, tubular, and interstitial zones, with BAFF being the most strongly expressed in the
overall analysis. BAFF-Receptor (BR3), transmembrane activator and CALM interactor (TACI), and
B-Cell maturation antigen (BCMA) displayed higher expressions in LN class IV in all zones analyzed
(p < 0.05). Additionally, a positive correlation was found between APRIL, TACI, and BCMA at the
glomerular level; BCMA and APRIL in the interstitial zone; and BR3, TACI, and BCMA in the tubule
(p < 0.05). Conclusions: The expression of BAFF and BAFF receptors is mainly associated with LN
class IV, emphasizing the participation of these receptors as an essential pathogenic factor in kidney
involvement in SLE patients.

Keywords: systemic lupus erythematosus; proliferative lupus nephritis; BAFF system expression

1. Introduction

Lupus nephritis (LN) is the most frequent life-threatening clinical domain of systemic
lupus erythematosus (SLE); renal involvement affects 30–70% of patients and shows high
frequency and severity in Black and Latin-American Hispanic populations [1,2]. LN diag-
nosis is sustained based on clinical features and an evaluation of conventional biomarkers
such as low complement serum concentration, high anti-dsDNA antibodies, and urinary
findings [3,4]. However, kidney biopsy is the diagnostic gold standard and guides LN treat-
ment, according to the 2003 International Society of Nephrology (ISN)/Renal Pathology
Society (RPS) classification [5,6].

B-cell ontogeny is controlled through the BAFF system; this system is integrated by
B-cell activating factor (BAFF), a proliferation-inducing ligand (APRIL), and their receptors,
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namely BAFF-Receptor (BR3), transmembrane activator and CALM interactor (TACI), and
B-Cell maturation antigen (BCMA). BAFF and APRIL belong to the tumor necrosis factor
(TNF) family and promote B-cell activation, proliferation, maturation, and survival through
BR3, TACI, and BCMA receptors [7–11].

An imbalance in BAFF, APRIL, or their receptors in both murine models and hu-
mans has been associated with the development of autoimmune diseases, including SLE,
Sjögren’s Syndrome, and rheumatoid arthritis [11–18]. Regarding SLE, the serum concen-
tration of BAFF and APRIL has been reported to be higher in SLE patients; these ligands
were previously associated with the disease activity index and autoantibody levels and can
predict a flare [13,14,19–25]. On the other hand, the soluble BCMA serum concentration
was found to have a higher concentration and was correlated with the activity index in
SLE patients [25]. Regarding the BAFF receptors, BR3, TACI, and BCMA were identi-
fied in CD3 T cells in SLE patients, and their expression varies according to SLE disease
activity [21,23,25].

Given the growing need for diagnostic tools for LN, multiple new biomarkers have
been associated with this domain [26], and BAFF and APRIL have been linked with renal
activity in Mexican SLE patients [22,23]. Additionally, BAFF and their receptors were
analyzed in situ in kidney tissues of LN patients, showing differential pattern expression
according to LN classes [27]. However, the analysis did not include APRIL. Based on
the association of the BAFF system with renal involvement, the poor renal prognosis for
proliferative LN in Latin American SLE patients, and the small number of validated renal
biomarkers, this study evaluated the renal tissue expression of BAFF, APRIL, BR3, TACI,
and BCMA in patients with proliferative LN.

2. Materials and Methods

2.1. Study Tissues

A retrospective and descriptive study were conducted. This study included sixteen
kidney tissues of LN patients classified as class III, IV, V, or V/III-IV according to the
2003 ISN/RPS classification [5]. All LN patients met the 2012 Systemic Lupus Interna-
tional Collaborating Clinics classification criteria for SLE [28] and were recruited at the
rheumatology department of Hospital General de Occidente. Additionally, two kidney
incisional biopsies without autoimmunity histopathological features were used as con-
trols. All patients provided written informed consent according to the 2013 Declaration
of Helsinki and actual national guidelines of the Health Ministry. The ethics and research
committees of the Hospital General de Occidente, Jalisco, Mexico, approved the study
under the number CI-561/18.

2.2. Immunohistochemical Staining

Kidney biopsies were fixed in 4% paraformaldehyde and embedded in paraffin using
a tissue processor (TP1020; Leica Biosystems, Wetzlar, Germany). Tissues were sectioned
at 5 μm, mounted on electrocharged slides, and deparaffinized at 60 ◦C for 30 min in a
Dako Hybridizer (Dako Colorado Inc. Collins, CO, USA). Posteriorly, the tissues were
rehydrated by immersion in xylene using graded ethanol dilutions followed by distilled
water. According to Carrillo-Ballesteros et al., the immunohistochemical assay was stan-
dardized in amygdaline tissue [29]. Briefly, after rehydration of the tissue, epitope retrieval
was performed with the Dako PT Link system (Dako Colorado Inc. Collins, CO, USA)
at 90 degrees for 30 min, and the slides were submerged into the Dako PT Link cameras
with a 1 mM EDTA buffer (pH = 9) for BAFF, APRIL, and BR3, as well as a 10 mM sodium
citrate buffer (pH = 6) for TACI and BCMA. Later, all slides were cooled, and a 3% hydro-
gen peroxide—10% methanol solution was added to achieve an endogenous peroxidase
blockade. Posteriorly, slides were incubated for 30 min with the following primary anti-
bodies: rat monoclonal antibody to BAFF (Abcam, cat. no. ab16081, dilution 1:100), rabbit
polyclonal antibody to APRIL (Abcam, cat. no. ab189263, dilution 1:50), mouse monoclonal
antibody to BR3 (Abcam, cat. no. ab16232, dilution 1:250), rabbit polyclonal antibody to
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TACI (Abcam, cat. no. ab79023, dilution 1:100), and rabbit polyclonal antibody to BCMA
(Abcam, cat. no. ab5972, dilution 1:100). Following incubation with primary antibodies
and buffer washing, the slides were incubated for 10 min with the universal post-primary
antibody included in the BOND polymer refine detection system (Leica Biosystems, cat. no.
DS9800), and diaminobenzidine (DAB) was employed for detection until the development
of a red-brown color. Finally, slides were counterstained with Harris hematoxylin and
reviewed under a microscope by two experienced pathologists.

2.3. Immunohistochemical Image Processing and Statistical Analysis

After slide tissue staining, three renal structures (glomerulus, tubule, and interstitial)
were photographed in triplicate using a BioTek Citation|5 Cell Imaging Multimode Reader
(Santa Clara, CA, USA) with 10× and 20× magnification. Later, the ImageJ v1.51j8 and
DAB deconvolution plugin software (National Institute of Health, Bethesda, MD, USA.
https://imagej.nih.gov/ij/, accessed on 15 January 2021) was used to analyze the photos
and obtain the immunoreaction score. In the DAB layer, the pixel intensity value was
represented in a range of 0–255 (the darkest shade and lightest shade represent 0 and
255, respectively), according to Chatterjee et al. [30]. The mean intensity default threshold
was set in the ImageJ software under the “Image” menu using the “measure” tool from
the “Analyze” menu. Later, the percentage of positive pixels was determined in the
selected areas. Descriptive analysis included the median, interquartile range (IQR), and
frequencies. Additionally, Fisher, Chi-square, Mann–Whitney U, Kruskal–Wallis and
Dunn’s post hoc, and Spearman correlation tests were used as appropriate. A p-value < 0.05
was considered significant.

3. Results

3.1. Histopathological Features of LN

Eighteen kidney tissues were included, including sixteen percutaneous biopsies of pa-
tients with LN, and two incisional biopsies were obtained by necropsy without histopatho-
logical features of autoimmunity. Thirteen (81%) LN cases were women, class IV repre-
sented 38% (6/16) of the cases, class III and class V+III/IV were 31% (5/16) and 25% (4/16)
of the cases, respectively, and only 6% (1/16) were classified as class V. The wire-loop
lesions and total renal activity index were associated with proliferative diffuse LN (p < 0.05).
Table 1 shows all histopathological findings.

Table 1. Histopathological features of proliferative LN tissues.

Class III
(n = 5)

Class IV
(n = 6)

Class V and
V+III/IV (n = 5)

Total
(n = 16)

p-Value

Glomerulus, (IQR) 23 (14-36) 27 (15-33) 30 (19-42) 25 (18-34) 0.837
Histopathological activity index, (IQR) 5 (5-6) 15 (12-16) 5 (4-6) 6 (5-14) 0.001

Histopathological chronicity index, (IQR) 4 (3-4) 3 (3-3) 3 (2-3) 3 (2-3) 0.239
Full-house phenomenon, (%) 4 (80) 6 (100) 5 (100) 15 (94) 0.279

Crescents, (%) 2 (40) 6 (100) 2 (40) 10 (62.5) 0.056
Glomerular sclerosis, (%) 4 (80) 4 (67) 4 (80) 12 (75) 0.356

Wire-loop lesions, (%) 0 5 (83) 0 5 (31) 0.002
Karyorrhexis, (%) 3 (60) 6 (100) 3 (60) 12 (75) 0.202

Neutrophilic infiltrated, (%) 3 (60) 6 (100) 3 (60) 12 (75) 0.202
Hyaline thrombus, (%) 1 (20) 3 (50) 0 4 (25) 0.155
Tubular atrophy, (%) 4 (80) 6 (100) 5 (100) 14 (88) 0.504

Tubular tumefaction, (%) 4 (80) 6 (100) 5 (100) 15 (94) 0.309
Tubular-interstitial infiltrated, (%) 5 (100) 4 (67) 3 (60) 12 (75) 0.288

Tubulointerstitial fibrosis, (%) 4 (80) 5 (83) 4 (80) 13 (81) 0.986

Data are shown as the median, IQR, frequencies, and percentages, as appropriate. The p-value was obtained
using Fisher’s test or Kruskal–Wallis and Dunn’s post hoc test, as appropriate. LN: lupus nephritis, IQR:
interquartile range.
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3.2. Renal BAFF System Expression and Association with LN Classes

The LN tissues showed BAFF system expression at the glomerular, tubule, and inter-
stitial levels. BAFF and BCMA were expressed in the glomerular epithelium membrane
of the glomerulus, and TACI presented expression in glomerular resident cells. BAFF,
APRIL, TACI, and BCMA were expressed at the tubular level, mainly in the cytoplasm of
the tubular epithelium. Additionally, BR3, TACI, and BCMA demonstrated expression in
inflammatory cells at an interstitial level. The control kidney tissues showed low BAFF
expression in the tubular system, and APRIL, BR3, TACI, and BCMA were not expressed.
Figure 1 shows BAFF system expression in tissues with LN and renal controls.

 

Figure 1. BAFF system expression in lupus nephritis tissues and kidney controls. Glomerular, tubular,
and interstitial zones have a positive stain directed to BAFF system members. BR3 and TACI show
more stains in the interstitial infiltration. Thus, APRIL was the lowest. The inflammatory cells in
the interstitium could simulate an ectopic germinal center. Kidney control tissues did not show
expression of BAFF, APRIL, or their receptors. BAFF: B-cells activating factor, APRIL: A proliferation-
inducing ligand, BR3: BAFF receptor, TACI: Transmembrane activator and CALM interactor, BCMA:
B-cell maturation antigen.

Based on the previous findings, ImageJ software was used to perform a quantitative
expression analysis. For the LN tissues, the overall analysis indicated a higher percentage
of BAFF expression [13.07% (IQR 9.62–19.91%)] than APRIL [8.86 (IQR 3.28–12.95%)], BR3
[6.93% (IQR 3.40–15.07%)], and BCMA [9.80 (IQR 5.32–12.95%)], with statistical significance
(p < 0.05). Additionally, TACI [10.66% (IQR 7.74%–14.11%)] had higher expression than
APRIL (p < 0.05) (see Figure 2d).
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Figure 2. Overall analysis of BAFF system expression in LN. BAFF system expression according to
glomerular, tubular, and interstitial zones is illustrated in (a–c). Black circles, black arrows, and white
arrows indicate glomerular, tubular, and interstitial BAFF system expression, respectively. The overall
expression analysis indicated a higher expression of BAFF and TACI than APRIL. Additionally, BAFF
displays a higher expression of BR3 and BCMA (d). The p-value was obtained through Kruskal–Wallis
and post hoc tests. Data are shown as the median with IQR. BAFF: B-cells activating factor, APRIL:
A proliferation-inducing ligand, BR3: BAFF receptor, TACI: Transmembrane activator and CALM
interactor, BCMA: B-cell maturation antigen, I IQR: Interquartile range.

After the overall analysis, the LN tissues were stratified according to the ISN/RPS
2003 classification, and BAFF system expression was evaluated in three zones: glomerulus,
tubule, and interstitium. At the glomerular level, both ligands and the three BAFF recep-
tors exhibited similar expression between the renal control and LN classes (Figure 3a–e).
However, the classes of LN demonstrated different receptor pattern expressions, showing
higher expressions of BR3, TACI, and BCMA in classes IV (Figure 3c–e).
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Figure 3. Association of BAFF system expression and proliferative LN classes according to glomerular,
tubular, and interstitial zones. Glomerular expression of BR3 and BCMA was higher in class IV and
V+V-III/IV groups than in class III; TACI showed a higher expression in class IV compared to class
III (c–e). The tubular expression of BAFF was higher in the LN group, mainly in class III (f). The
proliferative lesions (class IV) showed a higher expression of BR3, TACI, and BCMA (h–j). Compared
to the interstitial BAFF system expression, BAFF, BR3, and TACI displayed higher expressions than
the kidney controls (k). The Class IV group had higher expressions of BAFF, BR3, and BCMA (k,m,o).
(a,b,g,l,n) did not show a statistical difference (p > 0.05). The p-value was obtained through Kruskal–
Wallis and post hoc tests. Data are shown as median with IQR. BAFF: B-cells activating factor, APRIL:
A proliferation-inducing ligand, BR3: BAFF receptor, TACI: Transmembrane activator and CALM
interactor, BCMA: B-cell maturation antigen. IQR: Interquartile range, LN: lupus nephritis.

Similarly, the tubular zone was analyzed. BAFF, BR3, and TACI showed a higher
percentage of expression than the renal controls, with statistical significance (Figure 3f,h,i).
On the other hand, the tubular zone commonly expressed more APRIL and BCMA; however,
no statistical significance was found (Figure 3g,j). When comparing BAFF system expression
according to LN classes, classes IV and V+III/IV nephritis exhibited greater BR3, TACI,
and BCMA expressions than the focal proliferative class (Figure 3h–j). In contrast, class III
presented a higher expression of BAFF for another kind of nephritis (Figure 3a).

Additionally, expression analysis was performed in the interstitial zone. BAFF, BR3,
and TACI exhibited higher expressions in LN compared to the control with statistical signifi-
cance (Figure 3k,m,n). Otherwise, APRIL and BCMA showed a trend toward higher expres-
sion than the kidney controls; however, no statistical significance was found (Figure 3l,o).
In the LN classes sub-analysis, BAFF, BR3, and BCMA expressions were higher in diffuse
proliferative nephritis than in focal and membranous lesions (Figure 3k,m,o). On the other
hand, TACI and APRIL did not show statistical significance (Figure 3l,n).
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3.3. Correlation of Renal BAFF System Expression

Subsequently, a correlation analysis of BAFF system expression was performed. At
the glomerular level (Figure 4a), APRIL displayed positive correlations with BR3 (r2 = 0.64),
TACI (r2 = 0.40), and BCMA (r2 = 0.66), with statistical significance (p < 0.05). Additionally,
TACI and BCMA correlated positively (r2 = 0.40, p < 0.05, Figure 4b). On the other hand,
the tubular expression (Figure 4b) of BR3, TACI, and BCMA showed a positive correlation
[BR3/TACI (r2 = 0.44), BR3/BCMA (r2 = 0.51), and TACI/BCMA (r2 = 0.47), p < 0.05].
Additionally, analysis at the interstitial level (Figure 4c) demonstrated a positive correlation
between APRIL and BCMA (r2 = 0.50), as well as between BCMA and TACI (r2 = 0.43),
with statistical significance (p < 0.05).

Figure 4. Matrix correlations of BAFF system expression according to zones. At the glomerular level,
APRIL showed a positive correlation between all BAFF system receptors, and TACI correlated with
BCMA (a). On the other hand, BR3, TACI, and BCMA showed a positive correlation at the tubular
level (b). BCMA expression in the interstitium had a positive correlation with APRIL and TACI (c).
The p-value was obtained through a Spearman rank correlation test. BAFF: B-cells activating factor,
APRIL: A proliferation-inducing ligand, BR3: BAFF receptor, TACI: Transmembrane activator and
CALM interactor, BCMA: B-cell maturation antigen.

4. Discussion

LN is the most frequent life-threatening complication among African and Latin Amer-
ican SLE patients. LN is considered a predictor of flare disease [31] and causes end-stage
renal disease (ESRD) in 10–30% of cases [32]. Multiple conventional and new renal biomark-
ers have been associated with LN [26]. However, a kidney biopsy remains the diagnostic
gold standard and guides treatment according to the histological findings.

This study associated the histopathological activity index and wire-loop lesions with
LN-IV. The most frequent histopathological features were a full-house phenomenon, tubu-
lar tumefaction, tubular atrophy, and tubulointerstitial fibrosis. However, these typical
pathological features for the diagnosis of LN had a sensitivity ranging from 68 to 80%,
with a specificity of 80–96% [33]. On the other hand, fibrinoid necrosis, fibrous crescents,
interstitial fibrosis, and tubular atrophy were associated with poor renal prognosis and
ERSD [34]. Thus, searching for potential biomarkers for the diagnosis and treatment of LN
is imperative.

BAFF system imbalance has been associated with LN and SLE flare [22,24]. BAFF,
APRIL, and mRNA expression of these ligands have been identified at the urinary level
in LN patients [35,36]. However, the serum and urinary concentrations did not show a
correlation [35], and their links have not been elucidated. Thus, what is/are the sources of
BAFF/APRIL at the urinary level?
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Possible answers for the detection of both ligands at the urinary level include pro-
teinuria associated with the loss of glomerular membrane integrity secondary to immune
complex deposition. Additionally, the source of BAFF system ligands could be related to
infiltrating immune cells and/or the local production of resident renal cells. This study
identified the in situ expression of BAFF, APRIL, and their receptors in glomerular and
tubular zones, as well as in inflammatory cells at the interstitial level in proliferative LN
tissues, presenting similar findings to those reported by Suso et al. [27].

In murine models with LN, immune complex deposition induces the recruitment of
immune cells, favoring BAFF secretion and altering the position of renal T cells. These
events promote the formation of tertiary lymphoid structures [37]. Despite local BAFF
overproduction, maintaining lymphoid structures requires chemokine CXCL13. In murine
models, CXCL13 is secreted by podocytes in LN [38]; this chemokine has been associated
with kidney graft rejection [39] and postulated as an allograft rejection biomarker [40].
However, this chemokine was not evaluated in the present study.

In addition to the role of podocytes related to murine nephritis, tubular epithelial
cells could be involved in the BAFF system. All members of this system were expressed in
the tubular epithelium in our study, showing a positive correlation between BR3, TACI,
and BCMA receptors. Schwarting et al. associated tubular epithelial cells with ectopic
BAFF overproduction and the histopathological activity index in LN. Additionally, an
autocrine loop phenomenon was documented through in vitro assays [41]. For BAFF
receptors, adipocytes, keratinocytes, and microglia, there are no immune cells with ectopic
expression [42–44]. In LN murine models, the tubular cells showed mRNA and tissular
expression of BAFF receptors [41]. Hence, resident cells could show an ectopic expression
of these receptors and amplify local inflammation in patients with LN.

Belimumab, a monoclonal antibody with BAFF targeting, is the only biological treat-
ment approved to treat non-renal clinical domains in SLE [45]. In addition to conventional
treatment in LN, Belimumab increases the probability of completing renal remission with
a similar rate of adverse events [46,47]. Even in refractory LN, adding Belimumab to
the cyclophosphamide and rituximab scheme could improve the renal response with an
adequate security profile [48]. The BAFF system expression in resident renal cells and
inflammatory infiltrating cells described in this study could support the use of anti-BAFF
treatment. Additionally, TACI deletion in murine models is associated with the protection
of LN [16].

The main limitations of this study are a reduced number of patients, only the inclusion
of proliferative nephritis, the study design, a lack of clinical data, and the absence of labeling
of B cells and CXCL13. The information obtained could help generate new therapeutic and
diagnostic targets in LN.

5. Conclusions

The expression of BAFF and its receptors is mainly associated with LN class IV,
and both inflammatory cells and resident kidney cells are involved in the expression of
this system. Together, our results emphasize BAFF system participation as an important
pathogenic factor for kidney involvement in SLE patients. However, these results should
be taken with caution.
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Abstract: Metabolic syndrome (MetS) is a group of physiological abnormalities characterized by
obesity, insulin resistance (IR), and hypertriglyceridemia, which carry the risk of developing car-
diovascular disease (CVD) and type 2 diabetes (T2D). Immune and metabolic alterations have been
observed in MetS and are associated with autoimmune development. Systemic lupus erythematosus
(SLE) is an autoimmune disease caused by a complex interaction of environmental, hormonal, and
genetic factors and hyperactivation of immune cells. Patients with SLE have a high prevalence of
MetS, in which elevated CVD is observed. Among the efforts of multidisciplinary healthcare teams
to make an early diagnosis, a wide variety of factors have been considered and associated with the
generation of biomarkers. This review aimed to elucidate some primary biomarkers and propose
a set of assessments to improve the projection of the diagnosis and evolution of patients. These
biomarkers include metabolic profiles, cytokines, cardiovascular tests, and microRNAs (miRs), which
have been observed to be dysregulated in these patients and associated with outcomes.

Keywords: MetS; SLE; adipokines; CVD; microRNA

1. Introduction

Metabolic syndrome (MetS) is considered a noncommunicable disease in which the
individual presents with three or more risk factors, including elevated blood pressure,
large waist circumference, hyperglycemia, hypertriglyceridemia, low levels of high-density
cholesterol (HDL-c), insulin resistance (IR), and increased blood pressure [1]. MetS is
strongly associated with obesity and adiposity, determinants that resemble the phenotype
of obesity-related IR, vascular stiffness, and endothelial dysfunction [2]. MetS is associated
with cardiovascular disease (CVD), and one of the most critical etiological backgrounds
of this pathology lies in the persistent metabolic alterations produced by adipose tissue
dysfunction, which releases inflammatory cytokines, bioactive products such as adipokines,
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gaseous messengers, and microvesicles that alter the attached tissue phenotype and create
reactions and molecules that are detectable at the systemic level [3,4].

The worldwide prevalence of MetS differs between populations due to different
lifestyles. One of the most important modifiable factors is consuming a Western-pattern
diet, characterized by processed and refined foods, red and processed meats, foods with
added sugar and saturated and trans fats, and a low consumption of vegetables, fruits,
nuts, and whole grains [5,6]. The prevalence of MetS differs between sexes, with females
being the most affected [2,7–9].

On the other hand, immune–metabolic interactions observed in MetS have been
associated with the development of autoimmune diseases, such as rheumatoid arthritis,
ankylosing spondylitis, and systemic lupus erythematosus (SLE), among others [10].

SLE is the archetypical pathology of autoimmune diseases characterized by a wide
range of clinical manifestations caused mainly by a complex interplay of environmental,
hormonal, and genetic factors and the hyperactivation of immune cells [11].

In SLE, the breakdown of immune tolerance is essential for activating autoreactive B
cells, consequently producing self-reactive antibodies. Autoantibodies such as anti-Smith
(anti-Sm), anti-double-stranded DNA (anti-dsDNA), and anti-ribonucleoprotein (anti-RNP)
are considered as hallmarks in SLE; nevertheless, these autoimmune diseases show a broad
spectrum of more than 200 autoantibodies [12,13].

The mechanisms by which the autoantibodies cause tissue damage are mainly related
to the accumulation of immune complexes, cytotoxicity, reactivity with autoantigens on the
apoptotic cell surface, cell surface binding, and penetration into living cells [14].

During the clinical course of the disease, a wide range of organs may be affected,
including skin, joints, lungs, heart, kidneys, hematological cells, and vascular and brain
systems [12].

Regarding the vascular system, it has been documented that approximately 50% of
SLE patients present with lupus vasculitis (LV), which mainly involves small- and medium-
sized vessels. LV has many clinical forms that depend on the affected vessels and the site
involved. The proposed pathogenic mechanism of LV is related to a complex interaction
among vascular endothelium, immune cells, and their products, such as cytokines and au-
toantibodies, among which are antiphospholipid antibody (aPL) positivity, anti-endothelial
cell antibodies, antineutrophil cytoplasmic antibodies (ANCA), and anti-dsDNA [15].

SLE patients are prone to suffer from cardiovascular diseases (CVDs) due to signif-
icant metabolic alterations in several pathways (i.e., lipoprotein metabolism) that might
contribute to CVD pathology [16]. Indeed, a high prevalence of MetS has been reported in
cohorts of SLE patients and is associated with increased disease activity, inflammation, and
organ damage. MetS is recognized as a common comorbidity component of autoimmune
diseases, where obesity has been associated with a low health-related quality of life in SLE
patients [17].

Dietary intake and systemic metabolism are associated with the differentiation of
the immune system. In this sense, it has been observed that the rates of autoimmunity
are increasing in parallel with MetS, supporting the hypothesis that diet-induced obesity
exacerbates autoimmune manifestations [18]. The activation of the immune system is
necessary to initiate the production of interferon type I (IFN-I) and self-antigen-specific
autoantibodies [19].

In experimental studies, obesity is related to the production of IFN-I by expanding
plasmacytoid dendritic cells (pDCs) in visceral adipose tissue (VAT). Consequently, IFN-I
impaired the number and function of T regulatory (Treg) cells, which could promote an
autoimmune inflammatory microenvironment [17].

Since proinflammatory cytokines are a common underlying mechanism involving SLE
and obesity, MetS probably triggers and contributes to overall inflammation, oxidative
stress, and endothelial dysfunction [20].
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Due to similarities in specific molecules’ expression in SLE and MetS, it is relevant to
identify predictive biomarkers that contribute to an early and timely diagnosis in conjunc-
tion with the clinical assessment.

2. Metabolic Dysregulation in SLE and Its Biomarkers

Reports have revealed that the prevalence of MetS in SLE patients in individual studies
ranges between 3.3 and 45.2% [20]. In this regard, it has been reported that SLE patients
exhibit a profound alteration in lipoprotein metabolism pathways characterized by an
increase in serum levels of total cholesterol, triglycerides (TG), apolipoprotein B (ApoB),
and LDL-c and reduced HDL-c and apolipoprotein A1 (ApoA1) [16,21].

Moreover, it has been shown that, in SLE, the values of oxidized and dysfunctional
HDL-c increase, contributing to the development of atherosclerosis and promoting an
inflammatory response of macrophages through the activation of nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-κB) and the formation of neutrophil extracellular
traps (NETs) and lipoprotein oxidation [22].

Although lipid profile is a crucial standard for assessing CVD risk in SLE patients,
glucose and insulin levels are essential for assessing IR, a clinical state characterized by
reduced insulin efficacy associated with increased insulin release and elevated blood
concentration in an attempt to obtain an effective response to circulating glucose levels [23].

MetS patients are prone to develop IR, and the increment of fat mass could result in
adipose tissue inflammation, a source of proinflammatory cytokines that can potentiate
systemic inflammation [24]. For instance, tumor necrosis factor-alpha (TNF-α) is considered
a central proinflammatory cytokine studied in IR that modulates the activity and expression
of enzymes blocking insulin function [25]. High levels of TNF-α have been found in SLE
patients with active lupus, demonstrating the enhanced risk of IR in these patients [26].

On the other hand, insulin levels and the homeostasis model assessment-estimated
insulin resistance (HOMA-IR) index are increased in patients with SLE and SLE with MetS
compared to healthy controls [27]. Studies in the literature have shown that SLE patients
manifest deficient insulin secretion and a greater risk of IR. For instance, Petri et al. found
that 7% of SLE patients present with type 2 diabetes mellitus (T2D), and 10% had glucose
intolerance, showing that T2D may be more frequent in these patients than is estimated [28].
El Magadmi and colleagues found hyperinsulinemia and reduced insulin sensitivity in a
cohort of SLE patients, where 18% had MetS [29]. For their part, Contreras et al. noticed
that the increased waist circumference, higher acid uric levels, and longer duration of
hypertension are factors associated with IR in SLE patients [30].

Regarding the metabolic disturbance that can be detected in SLE, Tang et al. recently
found that, by analyzing metabolite profiles using mass spectrometry techniques with
multiple reaction monitoring, SLE patients show alterations in fatty acid and phospholipid
catabolism and elevated levels of pyroglutamic acid and L-phenylalanine [31].

Considering that, in SLE, the production of autoantibodies is a hallmark of this autoim-
mune disease, it has been noticed that specific autoantibodies contribute to atherosclerosis
in pathology, such as anti-HDL-IgG related to induce LDL to enter the endothelial cells
(EC) and anti-apolipoprotein A1 (ApoA1)-IgG, which induces the activation of NF-kB and
favors the expression of inflammatory factors, among which are TNF-α, interleukin-6 (IL-6),
interleukin-8 (IL-8), C-C motif chemokine ligand 2 (CCL2), and metalloproteinase 9 [32].

Furthermore, it has been observed that antibodies against lipoprotein lipase (anti-LPL)
have been associated with increased levels of TG, Apo-E, and Apo-B in patients with
SLE [33]. In addition, the production of autoantibodies such as aPL that are anticardiolipin
antibodies (aCL) and anti-β2-glycoprotein I antibodies (anti-β2GPI) could increase en-
dothelial injury and promote the induction of the proinflammatory endothelial phenotype
interacting with endothelial cells (EC) [32].

At this point, we consider it essential to illustrate that the differences in affinity of
antibody and antigen interactions are discriminated by the fragment crystallizable region
receptor (FcR) that induces different signals at the molecule level, resulting in various
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immunological reactions [14]. For instance, IgG isotype antiphospholipid antibodies display
a more predictive value of the vascular manifestation than IgM, while IgA aPL can be more
predictive for vascular events than IgM [34].

3. Cytokines and Adipokines in SLE along with MetS

Cytokine production is closely related to the immune system response. Elevated levels
of proinflammatory cytokines have been observed in SLE and MetS. Whereas one principal
goal in SLE cytokine profile analysis is to identify cytokines as biomarkers that can be used
to identify disease status and predict flares, in MetS, the analysis of molecules related to
metabolism regulation, such as adipokines, is essential.

In obesity, the adipose tissue expansion is a primary source of proinflammatory cy-
tokines. During homeostatic conditions, the adipose tissue-resident immune cells produce
anti-inflammatory cytokines such as interleukin 4 (IL-4), IL-5, IL-10, IL-13, and transform-
ing growth factor beta (TGF-β). The adipose tissue macrophages (ATM) are polarized to
an M2 phenotype and enrich the adipose immune system together with other immune
cells such as regulatory invariant natural killer T cells (iNKT), type 2 innate lymphoid cells
(ILC2), regulatory T cells (Treg), and eosinophils, among others [35]. Meanwhile, in obesity,
saturated fatty acids induce the ATM to polarize to an M1 phenotype, producing IL-6,
TNF-α, IL-12, and IL-1β, among other inflammatory factors contributing to the impairment
of insulin signaling and promoting IR [36].

Since obesity and overweight are identified risk factors for the development of
metabolic disturbances in SLE, quantifying proinflammatory cytokines results in util-
ity for its diagnosis and management. Different studies on SLE have determined increased
IL-6 levels and their association with disease activity. Ding et al. performed a meta-analysis
of 24 studies that showed serum IL-6 levels in SLE patients are higher than those in healthy
controls and correlate with SLE activity [37]. Furthermore, IL-6 has also been associated
with metabolic disorders such as MetS and T2D, in which elevated levels of IL-6 have been
observed in adipose tissue [38].

On the other hand, TNF-α is a proinflammatory cytokine detected in high concentra-
tions in SLE and correlates with disease activity and lupus nephritis. However, TNF-α
has been found as a mediator of inflammation and regulator of autoimmunity, exerting
in SLE a dual role [39]. Regarding the role of TNF-α in MetS, some reports indicate that
it acts as an essential inducer of atherosclerotic plaques by driving the expression of ad-
hesion molecules and favoring the activation of immune cells within the arterial wall [40].
Moreover, it is well documented that TNF-α promotes lipolysis, increases free fatty acid
(FFA), and influences metabolic dysregulations such as IR. Furthermore, TNF-α can inhibit
insulin-stimulated tyrosine kinase activity of the insulin receptor and substrate by inducing
serine phosphorylation and producing IR [41].

On the other hand, it is known that adipocytes are not considered energy storage cells
only; they are active producers of a specific type of cytokines called adipokines, which
exert endocrine, paracrine, and autocrine effects [19]. Adipocytes play a crucial role in
energy homeostasis regulation. The mechanism by which they accomplish this is through
the secretion of adiponectin, leptin, resistin, IFN-I, TNF-α, interleukin 1 (IL-1), IL-6, and
plasmin activator inhibitor type 1 (PAI-1), which are cytokines that take part in cellular
intercommunication and act as master regulators of inflammation and metabolism that
could influence the metabolic dysregulation in SLE and MetS [5,42].

In an obese state, an imbalance of adipokines promotes a low-grade proinflammatory
state, resulting in IR and vascular dysregulation [43]. In addition to the above, it is known
that in an autoimmune context, adipokines are involved in inflammatory pathways that
affect a wide range of cell types, influencing systemic inflammation, chronically damaging
tissues and organs, and impacting quality of life. In order to consider adipokines as
biomarker candidates for SLE and MetS, we will describe those mainly associated with
both pathologies.
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Leptin is the main adipokine produced by adipocytes, whose concentrations positively
correlate with adipose tissue mass. Leptin is involved in low-grade inflammation due
to overweight and obesity and is considered a proinflammatory adipokine [44]. In SLE
patients, leptin is highly produced; however, it does not correlate with disease activity [45].

Hyperleptinemia and leptin resistance are closely associated with obesity and T2D,
and lower leptin concentrations in circulation are correlated positively with improved
insulin sensitivity, lipid metabolism, lower adiposity, and inflammation [23].

Adiponectin is an adipokine that exerts anti-inflammatory effects. It is a complex
molecule produced by adipocytes of the white adipose tissue (WAT), and its concentrations
are inversely correlated with body mass index (BMI). Some of adiponectin’s functions
are fatty acid biosynthesis and the inhibition of gluconeogenesis in the liver. It has been
shown that, under systemic inflammation, adiponectin levels are modified, so an increase
or decrease in its concentrations may be associated with pathophysiological conditions [44].

In SLE, higher adiponectin levels correlate positively with SLE severity and negatively
with IR; however, when studies evaluate causal effects between circulating adiponectin
levels and SLE, there are no relationship between circulating adiponectin levels and SLE
risk [46].

Resistin is a cysteine-rich peptide hormone discovered in adipose tissue of rodents
and detected in human peripheral blood mononuclear cells. Its functions are related to
promoting immune response to inflammatory processes and enhancing heart, liver, and
kidney diseases. In rodents, it has been found that WAT resistin secretion is associated with
BMI and IR; in humans, the role of resistin in IR and T2D is controversial [47].

Adipsin is an adipokine mainly synthesized and secreted from WAT and exerts its
functions by modulating glucose and lipid metabolism. Clinical data associate adipsin
levels with BMI and visceral adipose tissue, whereas molecular assays reported that adipsin
increases lipid accumulation and adipocyte differentiation through peroxisome proliferator-
activated receptor (PPAR-γ) induction and complement component 3a (C3a) release [48].
Adipsin levels were found in higher concentrations in autoimmune diseases. However,
further studies are needed to assess the association of adipsin with SLE [18].

Chemerin is an adipokine and chemoattractive protein that promotes inflammation,
contributes to adipogenesis and glucose metabolism, and correlates with MetS [49]. In
SLE, chemerin may serve as a marker of lupus nephritis (LN), where its circulating levels
correlate with renal function [50].

Visfatin, also known as nicotinamide phosphoribosyl transferase (Nampt) was dis-
covered as an insulin-mimetic adipokine produced mainly by visceral and subcutaneous
adipose tissue, liver, immune cells, skeletal muscle, brain cells, cardiomyocytes, and renal
glomeruli, among others. Its main functions are increasing glucose uptake by peripheral
tissues, decreasing gluconeogenesis and glucose release, and stimulating the insulin cas-
cade. In obesity, increased visfatin levels are related to a regulatory response to maintain
glucose in stable levels; however, if the threshold is exceeded, visfatin is associated with
inflammation and T2D, IR, CVD, and renal damage [51,52].

The role of visfatin in SLE is strongly associated with LN in humans and with pul-
monary vasculitis and alveolar hemorrhage in experimental lupus models [53,54].

Omentin-1 is an adipokine expressed in higher levels in visceral adipose tissue; its
concentrations decrease in overweight and obesity and increase after weight loss. Its
biological activity is related to the enhancement of insulin-stimulated glucose uptake in
human adipocytes [55]. Plasmatic omentin-1 levels were detected in differential expression
between SLE patients with and without LN, suggesting that this adipokine could be
employed as an auxiliary index [56].

Table 1 summarizes the results of different analyses in which adipokine serum or
plasma levels were quantified in SLE and MetS studies.
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Table 1. SLE and MetS adipokine levels.

Adipokines 1 SLE MetS SLE and MetS Ref.

Leptin Increase Increase Increase with MetS [45,57–59]
Adiponectin Increase Decrease Decrease with MetS [42,58,59]

Resistin Increase Increase Increase with MetS [42,58]
Chemerin Increase (LN) Increase No data found [50,60]
Visfatin Increase (LN) Increase No data found [51,54,61]

Omentin-1 Decrease Decrease No data found [55,62]
Adipsin Increase Increase No data found [48,62]

1 Serum or plasma levels. Abbreviatures: LN: lupus nephritis.

4. Cardiovascular Clinical Assessments in SLE

Systemic inflammation is associated with the disease progression, and metabolic
dysregulation in SLE can accelerate cardiovascular complications. The proinflammatory
response is caused not only by the autoimmune underlying condition but also by the
adipose tissue, which, if sustained, will magnify the risk of developing other metabolic and
cardiovascular diseases.

Metabolic dysregulation is part of the deteriorating clinical status of a patient with
SLE due to the increased risk of CVD, which, according to several studies, is higher than
in the general population [10]. Esdaile and colleagues noticed that SLE patients present
with a >7-fold higher risk of coronary heart disease (CHD) or stroke and 17-fold risk of
having severe CHD death. Nevertheless, traditional Framingham risk factors cannot fully
explain the significant CHD risk increase and, therefore, could be multifactorial due to
a proatherogenic lipid profile, immune dysregulation and inflammation, side effects of
treatment, and microvascular dysfunction [63,64]. Subsequently, in the Hopkins Lupus
cohort, Magder and Petri et al. described that patients with SLE have a risk of cardiovascular
events 2.66 times higher than expected in the general population with similar levels of
traditional risk factors [65].

Oliviera et al. suggested that SLE patients should be assessed with classical CVD-
related risks and disease activity parameters, such as aberrant adaptive immune response,
proinflammatory cytokine signaling, elevated IFN-I, dysregulated NET formation, dys-
functional HDL-c, and oxidative stress [66]. Likewise, to observe any increased CVD
risk, the European Alliance of Associations for Rheumatology (EULAR) recommendations
state the measurement of traditional and disease-associated cardiovascular risk factors as
necessary. For example, blood pressure (<130/80 mm/Hg), urine protein/creatinine ratio
(>500 mg/g), QRISK3 assessment, and the American College of Cardiology/American
Heart Association risk equation, although it is recognized that further studies are needed to
validate cut-off points in this population. In addition, risk scores for the systemic lupus ery-
thematosus disease activity index (SLEDAI), lupus anticoagulant, and C3a measurements
are recommended [66].

Regarding the evaluation of atheroma plaque formation and atherosclerosis, it is
considered essential to measure coronary artery calcifications and carotid intima-media
thickness by techniques such as pulse wave velocity (PWV) or endothelium-dependent
flow-mediated vasodilatation (ED-FMD), which are considered biophysical markers of
endothelial dysfunction [67].

In a meta-analysis performed for SLE, the patients presented significantly higher PWV
than controls; these results were associated with BMI and disease duration [68]. On the
other hand, in studies performed in brachial artery ED-FMD (baED-FMD), SLE patients
had lower baED-FMD than controls, reflecting impaired endothelial function [67].

Analyses carried out in this regard performed on SLE patients showed that those pa-
tients formed 2.0 times more atherosclerotic plaques in the carotid and femoral arteries than
patients with rheumatoid arthritis and T2D and presented with 32% more atherosclerosis
in the carotid compared to healthy controls [69]. In relation to the data previously shown,
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it has been determined that the risk of myocardial infarction in SLE is 2 to 3 times higher
than in the general population [70].

To obtain an accurate diagnosis, other diagnostic tools, such as magnetic resonance
imaging (MRI), must be considered. For instance, Mavrogeni et al. detected by MRI 27.5%
silent cardiac abnormalities/past abnormalities such as myocarditis, myocardial infarctions,
or vasculitis [71]. It is necessary to consider that antiphospholipid syndrome (APS) adds
significant inflammatory thrombotic and atherosclerotic risks since there is an increased
endothelial risk due to decreased endothelial nitric oxide synthase. As a result of APS, the
increased production of nitric oxide, proinflammatory cytokines, adhesion molecules, and
reactive oxygen species (ROS) and the activation of monocytes and the classical complement
pathway are generated, further contributing to vascular inflammation [72].

Likewise, the use of glucocorticoids has been associated with atherosclerosis, hyper-
tension, T2D, hypercholesterolemia, and CVD, even with the use of doses lower than those
recommended. Although their use produces potent anti-inflammatory effects by reducing B
and T lymphocyte activity, prostaglandin synthesis, and cyclooxygenases, it was observed
that one-third of SLE patients are resistant to this treatment, probably due to modifications
in the glucocorticoid receptor [65,73].

On the other hand, hydroxychloroquine (HQC) has been used to treat inflammatory
diseases such as SLE, other autoimmune and neoplastic disorders, and metabolic and
infectious diseases. When HQC is used in patients with SLE, some signs and symptoms,
such as fatigue, skin rashes, joint pain, mouth ulcers, and arthralgia, improve and inhibit
the production of inflammatory cytokines [74,75]. In addition, a decrease in aortic stiffness,
systemic vascular resistance, and increased elasticity of the large arteries has been noticed;
therefore, HQC therapy in SLE exerts a protective effect on coronary artery disease [76,77].

One of the proposed HQC action mechanisms is the reduction in ROS production,
which decreases oxidative stress and improves the endothelial function. On the other hand,
it has been observed that HQC increases LDL-c receptor expression and decreases serum
cholesterol and TG concentration. At the same time, HQC inhibits cytokine production,
apoptosis, and autophagy. According to the EULAR recommendations, HQC is classified
as one of the disease-modifying antirheumatic drugs (DMARDs), and its use is widely
recommended [74,76].

5. MicroRNAs in SLE with MetS Background

About the etiopathogenesis of SLE, it is currently known that both genetic and epige-
netic factors may contribute to the development of autoimmunity. Nevertheless, it is also
accepted that microRNAs (miRs) could be considered valuable biomarkers in diagnosis,
treatment response, and general disease monitoring. The miRs have been evaluated from
different perspectives, and, at a certain point, the large number of miRs that have been
reported becomes overwhelming; however, between SLE and MetS, the associations made
punctually between both pathologies are rare.

The miRs, typically known as non-coding regulatory RNA, are a class of small RNAs
(about 22–25 nucleotides) that exert a crucial role in regulating the expression of its target
genes at the post-transcriptional level [61]. It has been observed that miRs control the
immune system as epigenetic regulatory elements regulating cellular development and
differentiation [78]. As for miR biogenesis, the process is known to be as follows: miR genes
are transcribed to generate an extended primary transcript (pri-miRNA) and processed to
generate pre-miRNA in the nuclei. After being exported to the cytoplasm, the pre-miRNAs
are processed to mature miRs by RNase III Dicer and then loaded into Argonaute (Ago) to
form the RNA-induced silencing complex (RISC) effector, which represses translation [79].
Thus, miRs are considered an essential contributor to regulating the genes involved in the
immune response because the RISC can silence messenger RNA at the pre-translational,
co-translational, and post-translational levels, regulating 40% of the genes that control the
differentiation of immune cells, their functions, and autoantibodies’ production [80].
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The miR action is produced not only in the cells where they are synthesized but also
can be transported to other target cells and found in the peripheral circulation. It also
acts as a soluble marker sensitive to general health conditions. Furthermore, the most
studied miRs in SLE are regulated by the expression of immune stimuli, like the presence
of antigens, toll-like receptor (TLR) ligands, and inflammatory cytokines [81].

In SLE, NF-kB and IFN-I are deregulated pathways that interfere with inflammation.
This pathway could be regulated by miR-146a and miR-155, which show potential for
inhibition in the translation of IFN pathway signaling proteins such as TNF receptor-
associated factor 6 (TRAF6), IL-1 receptor-associated kinase 1 (IRAK1), IFN regulatory
factor 5 (IFN-5), and signal transducer and activator of transcription (STAT1) [82]. In
a study by El-Akhras and colleagues in patients with SLE, they found that miR-146a
was significantly increased in peripheral blood mononuclear cells (PBMC) and correlated
positively with IL-6; based on these findings, they considered it a marketable marker for this
autoimmune disease [83]. Additionally, Li et al. found in SLE patients that exosomal miR-
155 is upregulated, whereas exosomal miR-146a was downregulated in SLE patients [84].

Regarding metabolic disturbances, it was observed that miR-146a is downregulated in
obesity and correlates negatively with IL-6, TNF-α, and CD36 [85].

Another miR implicated in SLE pathology is miR-124, which modulates TLR-4-induced
cytokine production by targeting signal transducers and STAT3 to decrease IL-6 production
and TNF-α release. Zhang and colleagues found that miR-124 is downregulated in LN
and could be considered as a significant diagnostic marker [86]. In addition, Yan et al.
noticed that circulating miR-124-3p and miR-377-3p were significantly upregulated in SLE,
where miR-124-3p is associated with antiC1q and C3, and miR-377-3p was determined as
an independent predictor [87]. Concerning the influence of miR-124 in metabolic disorders,
studies have revealed that miR-124 was highly expressed in T2D patients and related to
lipid and glucose metabolism [88].

MiR-143/145 are intronic miRs expressed in endothelial cells that act in the differentia-
tion and proliferation of vascular smooth muscle cells (VSMC) in the kidney; miR-145 is
expressed in epithelial cells of proximal convoluted tubules and VSMC of renal vessels of
children with LN, where its lower expression levels are related with the increase in vascular
damage [81]. Moreover, increased levels of miR-143/145 in serum have been proposed as a
potential diagnostic marker of SLE [89]. In T2D patients, miR-143 was detected in higher
expression and associated with hypertension, increased body weight, glucose homeostasis,
and impaired insulin activation [90].

Studies have observed that the miR-145 previously described acts as a positive regula-
tor of the adipogenesis process and is related to the increase in adipose tissue/adipocytes
in humans and rodents. Moreover, miR-145 promotes TNF-α secretion and lipolysis via
NF-kB in vitro, showing their role in inflammation and cellular differentiation [91].

On the other hand, miR-125a negatively regulates the CCL5 upon activation of normal
T cell expressed and secreted (RANTES); this proinflammatory cytokine is elevated in SLE
and MetS [80].

Notably, the various treatment regimens for SLE can be considered a factor that
may influence the expression of miRs and may be considered a biomarker of monitoring
treatment response. For instance, Cecchi and colleagues observed that in SLE patients,
rituximab affects the expression of circulating miRs, identifying a panel of five miRs,
including miR-149-3p, miR-125b-5p, miR-199a-5p, miR-106b-3p, and miR-124-3p, as a
potential target associated with proinflammatory cytokines and immune receptors [92].
These remarkable findings in the expression changes in miRs before and after treatment
provide valuable information for future immunomodulation and diagnostic therapies
of SLE.

6. MetS and SLE: A Harmful Relationship

MetS is a group of different physiological abnormalities with a metabolic background;
in SLE, there is a high prevalence of MetS with a higher probability of developing heart
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disease [93,94]. Among the efforts of multidisciplinary health teams, proposals for early
markers for detection, markers to assess the severity of the disease, and even markers to
observe the response to treatment stand out. However, the more markers are studied, the
more knowledge needs to appear; mainly, it has been observed how inflammation has a
leading role in mediating both pathologies and, to a large extent, the release of cytokines
mediates this inflammation [95]. In Figure 1, we propose a set of assessments to better
project the diagnosis and evolution of patients with SLE and MetS. Biomarkers include
metabolic, immunometabolic, clinical, and miR parameters, which are dysregulated in
these patients and are associated with disease severity.

 

Figure 1. Systemic inflammation is the cornerstone where both pathologies converge and participate
in the origin of clinical manifestations, development, and deterioration. Adipose tissue homeostasis
becomes dysregulated as abnormal accumulation, and redistribution of body fat occurs during
overweight and obesity due to chronic positive energy balance. This process modifies the immune
cell population along with the TH2 cytokine microenvironment. It overcomes angiogenic and tissue
remodeling capabilities to overcome adipocyte hypoxia and oxidative and concomitant endoplasmic
reticulum stress, leading to proinflammatory adipokine and cytokine turnover. The resulting decrease
in adiponectin and increase in proinflammatory adipocytokines and immune cells locally interfere
with insulin signaling and adipocyte fatty acid metabolism. As this TH1 profile spreads through
the bloodstream, other actively metabolic organs, such as the liver, muscle, and blood vessels, are
affected by this deleterious condition and establish systemic inflammation, insulin resistance, and
lipid dysregulation. Consequently, cardiovascular comorbidities develop, which, together with
metabolic alterations, are already pathogenic features of SLE, exponentially increasing the severity,
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activity, and clinical deterioration of the disease. MiRs are involved in all substantial parts of the
etiology, pathophysiology, and progression of both SLE and MetS, as they are critical regulators of
gene expression of cytokines, adipokines, cell growth factors, and metabolic switches. Moreover, their
expression and regulatory activity can be modified by conditions such as hypoxia and interleukins,
impacting their tissue and circulating levels, making them potential specific and sensitive biomarkers
for diagnosis, disease development prediction, and disease severity progression. Abbreviatures:
SLE: systemic lupus erythematosus; MetS: metabolic syndrome; IR: insulin resistance; InsR: insulin
receptor; IRS-1: insulin receptor substrate-1; IRS-2: insulin receptor substrate-1; Grb2: growth factor
receptor-bound protein 2; SOS: son of sevenless protein; ApoB: apolipoprotein B; LDL-c: low-density
lipoprotein cholesterol; HDL-c: high-density lipoprotein cholesterol; VLDL-c: very-low-density
lipoprotein cholesterol; TNF-α: tumor necrosis factor-alpha; PAI-1: plasminogen activator inhibitor-1;
IFN-I: interferon type I; CCL2: C-C motif chemokine ligand 2; IL-1: interleukin-1; IL-6: interleukin-6;
IL-21: interleukin-21; IL-4: interleukin-4; IL-10: interleukin-10; IL-13: interleukin-13; IL-5: interleukin-
5; IL-33: interleukin-33; iNKT: invariant natural killer T cells; Treg: regulatory T cells; Eos: eosinophils;
ILC2; type 2 innate lymphoid cells; M2: macrophages type 2; M1: macrophages type 1; CLS: crown-
like structures; CAVI: cardio-ankle vascular index; cIMT: carotid intima-media thickness; cfPWV:
carotid–femoral pulse wave; miR: microRNA; mRNA: messenger RNA; Ago2: argonaute-2; miRISC:
miRNA-induced silencing complex; UTR: untranslated region; TH1: T cell helper 1; TH2: T cell helper
2. Created with BioRender.com. Agreement number VW26L47W1D.

In the clinical history of the disease, essential studies must be carried out on the
patients, firstly, to define if the condition exists and, consequently, to determine the activity
of the disease [96]. The constant stimulation of the immune system in SLE leads to the
production of autoantibodies, the deposition of immune complexes, and the expression
and secretion of cytokines. These cytokines are part of the activation of the cells of the
immune system, which secrete more cytokines, creating a positive feedback cycle; this can
cause the disease to become more severe at certain times [97]. Many of these cytokines also
modulate their expression profile in MetS, and there is an exact association between these
profiles and both diseases [98].

Few studies detail the presence or absence of MetS when evaluating cytokines or
adipokines in SLE despite the relationship between both pathologies. Indeed, although
the origin of inflammation is different, the mechanisms of execution of the immune system
are similar.

Certainly, obesity has been considered a promoter of autoimmune diseases; in particu-
lar, the increase in fat mass has been associated with MetS and the inflammatory response,
and it is located as an etiological factor of many diseases, including atherosclerosis, vascular
events’ mortality, and TD2 [99,100]. However, the precise mechanisms by which it favors
the progression of said pathologies still need to be established.

Obesity is the leading cause of developing CVD, which has produced a significant
number of causes of death in patients with SLE [100]. That is why continuous surveillance
of CVD risk is so important. In a certain way, it is not so common for patients with
autoimmune diseases to carry out close surveillance with a cardiologist. However, now it
has become a clinical necessity due to the various studies that associate the increased risk
in these patients.

Finally, among the newest markers are miRs, which have been studied in various
pathologies, such as detection, in response to treatment, and even as future therapies. The
miRs have been evaluated from different perspectives, and, at a certain point, the large
number of miRs that have been reported becomes overwhelming; however, between SLE
and MetS, the associations made punctually between both pathologies are rare.

7. Conclusions

SLE is a complex pathology with different clinical moments throughout its course, dur-
ing which various factors intervene in the disease’s severity and the appropriate immune
response. On the other hand, MetS comprises metabolic alterations that, when present in a
patient with SLE, potentiate the abnormal cellular imbalance and amplify the chances of
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exacerbation of the disease. SLE and MetS are closely connected so that factors in common
such as diet, sex hormones, systemic and subclinical low-grade inflammation, treatment,
T2D, IR, hyperlipidemia, cardiovascular abnormalities, and aberrant immune response are
involved in the generation of markers that may be useful in daily clinical practice for the
monitoring and selection of appropriate treatment. Metabolic profiles, proinflammatory
molecules, adipokines, biophysical cardiovascular assessments, and miRs’ quantification
can be considered as a set of assessments that, in association with clinical findings, could
elucidate a biologic–clinical causality to improve diagnosis, follow-up, and treatment in
patients with SLE and MetS.

8. Perspectives

We consider it essential to perform a set of evaluations that include immunometabolic,
biophysical, and epigenetic biomarkers; however, it should be considered that most human
studies have limitations such as sample size, genetic variability, sex, age, dietary habits,
and treatment, among others. Although experimental studies have been essential to
elucidate the pathophysiological processes in MetS and SLE by controlling the intervening
variables, the extrapolation of the results has been limited on some occasions. Therefore, we
consider the relevance of the identification and quantification of biomarkers that present
clinical correlation, predictive value, and sensitivity and that are non-invasive. About
miRs, which are specific biomarkers to be detected in early diagnoses of various diseases
(i.e., carcinomas), an advantage to consider is the quantification of expression levels in
biological samples of easy access (serum, ductal lavage, urine, fecal matter) compared to
invasive procedures (biopsy, cerebrospinal fluid, tissue by surgical procedure). In addition,
it is possible to associate its expression with diverse clinical findings, which is essential to
highlight the biological–clinical causality that will help with the other clinical tools that
will allow premature diagnoses and the establishment of more accurate prognoses.
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Abstract: Systemic lupus erythematosus (SLE) is the prototypical systemic autoimmune disorder.
Kidney involvement, termed lupus nephritis (LN), is seen in 40–60% of patients with systemic
lupus erythematosus (SLE). After the diagnosis, serial measurement of proteinuria is the most
common method of monitoring treatment response and progression. However, present treatments for
LN—corticosteroids and immunosuppressants—target inflammation, not proteinuria. Furthermore,
subclinical renal inflammation can persist despite improving proteinuria. Serial kidney biopsies—the
gold standard for disease monitoring—are also not feasible due to their inherent risk of complications.
Biomarkers that reflect the underlying renal inflammatory process and better predict LN progression
and treatment response are urgently needed. Urinary biomarkers are particularly relevant as they
can be measured non-invasively and may better reflect the compartmentalized renal response in
LN, unlike serum studies that are non-specific to the kidney. The past decade has overseen a boom
in applying cutting-edge technologies to dissect the pathogenesis of diseases at the molecular and
cellular levels. Using these technologies in LN is beginning to reveal novel disease biomarkers
and therapeutic targets for LN, potentially improving patient outcomes if successfully translated to
clinical practice.

Keywords: lupus nephritis; proteomics; transcriptomics; metabolomics; microRNAs; biomarkers

1. Introduction

Systemic lupus erythematosus (SLE) is a multisystem autoimmune disorder with
heterogeneous clinical manifestations [1]. It most commonly affects women of childbearing
age. Lupus nephritis (LN) describes renal involvement in SLE, affecting approximately
40–60% of patients, with African Americans being at higher risk both of LN development
and severe forms of LN [2,3]. Patients with LN usually present with findings of nephritic
(e.g., hematuria, generalized edema, hypertension) and/or nephrotic (generalized edema,
frothy urine) glomerular disease. Urinalysis often reveals proteinuria and hematuria with
red blood cell (RBC) casts. Other routinely performed investigations for LN include renal
function tests, 24 h urinary proteinuria or spot urine protein-to-creatinine ratio, complement
levels, and serologies to assess for anti-double stranded DNA (dsDNA) and anti-nuclear
antibodies (ANAs).

The presence of LN portends a poor prognosis in patients with SLE, associated with a
significant morbidity and mortality burden [4]. Despite advancements in immunomodula-
tory therapies, approximately 30% of patients with LN develop end-stage kidney disease,
requiring renal replacement therapy [5,6].

The gold standard technique for diagnosing and monitoring LN remains a kidney
biopsy [7,8]. The pattern of glomerular disease on renal biopsy is also used to classify LN
into six distinct subtypes. However, a kidney biopsy is an invasive technique with an array
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of potential complications [9]. Moreover, patients with LN often require repeated kidney
biopsies to assess disease activity, which is associated with a compounding risk of adverse
events [7,8]. On the other hand, traditional serum and urinary biomarkers such as comple-
ment levels, glomerular filtration rate, and urine protein-to-creatinine ratios offer limited
specificity. They also cannot distinguish LN from other etiologies of nephritis [10–12].
Furthermore, the treatment for LN—corticosteroids and immunosuppressants—targets the
immune response, not proteinuria [13]. It is possible for inflammation to subsist despite
improving proteinuria.

Hence, a need emerges to identify novel markers that meet the following requirements:
they reflect the biology of LN; they can be measured easily, preferably through a non-
invasive, routinely collectible sample such as urine; and their temporal changes reflect
disease activity in a manner that can reflect a change in clinical state, such as disease
progression and treatment response. Thoroughly assessing lupus nephritis requires a
protocol that combines novel biomarkers with clinical disease activity scores, renal biopsy
findings, conventional laboratory markers such as proteinuria and renal function tests, and
imaging tools.

In the era of precision medicine and novel immuno-technologies, multi-omic tech-
niques represent a novel strategy to identify potential biomarkers for LN [14,15]. Omics
describes a comprehensive assessment of a particular set of molecules. The most utilized
example of a genomics approach is genome-wide association studies (GWASs), for instance,
in which the genotype of several thousands of individuals is analyzed for genetic mark-
ers, and statistically significant differences in the frequency of a genetic variant between
cases and controls are taken as evidence of an association between that genetic variant
and disease [16]. The techniques used for transcriptomic, proteomic, and metabolomic
analyses—the main aspects of multi-omics discussed in this review—are detailed in their
corresponding sections.

This review discusses the application of multi-omics technologies on urine to identify
biomarkers for LN that reflect its disease burden/severity and can also be used to monitor
treatment responses, thereby providing an alternative to the current gold standard of renal
biopsies that are invasive and consequently carry inherent risks and contraindications and
can be unfeasible to conduct serially in individual patients.

2. Urinary Transcriptomics

Transcriptomics involves the quantitative and/or qualitative analysis of different types
of RNA molecules (e.g., mRNA and non-coding RNAs, such as microRNAs) expressed
in a given sample. Microarray-based analysis was historically the primary method for
global transcriptional profiling. RNA sequencing (RNAseq), either in bulk (i.e., bulk-
RNAseq) or at the single-cell level (i.e., scRNA-seq), subsequently emerged and is now
increasingly used. ScRNA-seq reveals the gene expression patterns of individual cells in
tissues and has revealed a previously underappreciated complexity of cellular transcripts
that change in health and disease and are contingent upon the organ of context and
tissue microenvironment.

The application of transcriptomics approaches to urine is an emerging approach
to identifying predictive biomarkers that better reflect disease severity and treatment
response than proteinuria [17,18]. Most studies compare scRNA-seq findings of renal
biopsy specimens between patients with LN and controls to identify disease-associated
phenotypes in renal parenchymal cells and immune cells that may be candidates for being
considered therapeutic targets [19,20].

ScRNA-seq findings of non-lesional, non-sun-exposed skin biopsies of patients with
LN and healthy controls showed that upregulated keratinocyte IFN responses could distin-
guish patients with LN from controls [21,22]. These findings indicate that transcriptomic
analyses of a readily accessible site such as the skin could represent a novel biomarker for
LN monitoring. In the kidneys, an interferon and pro-fibrotic signature elaborated by renal
tubular epithelial cells has been associated with a failure to respond to treatment [22]. Simi-
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larly, the expression of several transcripts in serial kidney biopsy pre- and post-treatment
related to innate and adaptive immune cell activation, including interferon responses, can
distinguish treatment responders from non-responders [23].

MicroRNAs

MicroRNAs are non-coding RNA molecules that regulate the stability of mRNA,
thereby controlling its translation into protein and regulating an array of physiological
and pathological processes [24,25]. In the context of LN, several microRNAs contributing
mechanistically to various pathophysiological processes in LN—from the modulation of
inflammatory responses to pathways related to renal fibrosis—have been identified as
potential diagnostic biomarkers and indicators of disease activity (Figure 1) [26].

Figure 1. An overview of urinary microRNAs associated with lupus nephritis. This figure was
created using BioRender.com.

Both urinary and plasma microRNAs are often quantified non-invasively using a
real-time quantitative polymerase chain reaction (RT-qPCR), owing to this method’s high
sensitivity, cost, and time efficiency [25,27]. MiRNA-21, a critical mediator of inflammation
that upregulates interleukin-6- and NF-κB-associated pathways and modulates lymphocyte
signaling, was one of the first identified microRNAs associated with LN [28–31]. Uri-
nary miRNA-21 could distinguish between inactive and active LN in a cohort study of
55 patients with SLE and 30 healthy controls with an area under the curve (AUC) of 0.89 [32].
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Furthermore, in 52 patients with LN, miRNA-21 could distinguish between healthy controls
and patients with LN with a sensitivity of 86% and an AUC of 0.91 [33]. Urinary miRNA-
146a, also a modulator of the NF-κB inflammatory pathway, could similarly accurately
discriminate patients with LN from healthy controls [34,35]. Interestingly, miRNA-146a also
correlated directly with disease activity and histological features, indicating its potential to
predict disease severity and response to therapy [36]. Finally, miRNA-29c, a key modulator
of renal fibrosis, has recently been shown to accurately determine renal chronicity and
disease severity in LN with a sensitivity and specificity of over 80% [37–39].

Recently, a paradigm shift has emerged in urinary transcriptomics with the devel-
opment of novel biomarker panels utilizing several microRNAs with differing utilities to
accurately aid in diagnosing and assessing disease activity [39–42]. For instance, a recent
panel using three microRNAs (miRNA-21, miRNA-150, and miRNA-29c) was evaluated
in a cohort study of 45 patients with LN and 20 controls [39]. This microRNA panel
showed that changes in these individual microRNA levels correlated significantly with the
LN chronicity index (CI), which was a significant predictor of renal fibrosis recorded by
immunohistochemistry. Additionally, evaluating a separate panel consisting of three micro-
RNAs (miRNA-135b-5p, miRNA-107, and miRNA-31) in a cohort of 42 patients with LN,
comprising 21 responders and 21 non-responders, revealed significant differences amongst
responders and non-responders [43]. They could accurately predict disease activity and
progression during flare-up periods and one year following the initial flare-up (AUC of
0.73–0.78).

3. Urinary Proteomics

Proteomics approaches broadly characterize peptide abundance or interactions in
a specific sample. The primary technique applied to proteomic study is spectrometry
(MS). Mass cytometry adds more resolution to proteomics, which allows us to identify the
proteins expressed by different cell types. The advent of mass spectroscopy also led to
large-scale metabolomic analyses aimed at characterizing the abundance of molecules like
fatty acids, amino acids, and carbohydrates. Mass spectroscopy imaging has been devised
to provide spatial context about the proteins and metabolites present within a sample lost
in bulk-level mass spectroscopy.

The application of urinary proteomic techniques to identify biomarker proteins has
demonstrated excellent potential across several systemic and renal disorders [44]. Identify-
ing urinary biomarker proteins can facilitate the non-invasive diagnosis of LN while aiding
in the characterization of disease activity and severity. Additionally, urinary proteomics
can pave the way for identifying biomarkers that predict responsiveness to therapy and
propensity toward relapse [45].

Two primary approaches underpin the utilization of urinary proteomics in the context
of LN biomarker discovery [46]. Targeted proteomics offers a unique perspective as it
involves the study of proteins with an established pathophysiological role in the context
of LN. Although limited in scope, this approach allows the identification of biomarkers
that have biological credibility as they are directly involved in the immunopathogenesis
of LN. On the other hand, untargeted proteomics in the form of unbiased discovery
proteomics allows for discovering a wide array of potential urinary protein biomarkers
that are upregulated or downregulated in patients with LN.

3.1. Pro-Inflammatory Biomarkers

Urine proteomics has revealed that numerous cytokines, including IL-17, TWEAK,
and MCP-1, can be elevated in patients with LN and positively correlate with disease
activity [12]. Screening 1000 urinary protein biomarkers in 30 patients with LN and
correlating the urinary protein signature with a single-cell transcriptomic analysis of renal
biopsy specimens, Fava et al. demonstrated a robust link between urinary chemokine
signals and renal immune cell infiltration, indicating that this approach may be more
reflective of the immune status of the kidney than urinary proteinuria—currently widely
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utilized [47]. This approach also allowed for the stratification of patients with LN over a
gradient of IFNγ-inducible chemokines, thereby adding biologically relevant information
beyond traditional histological classifications [47]. Furthermore, these findings indicate the
possibility of dynamically tracking LN status non-invasively through urine samples over
time in a manner that could guide treatment decisions [47].

Recent urinary proteomic studies have revealed a consistent elevation in IL-16 in
the urine of patients with active LN [48]. IL-16, a potent T-cell chemoattractant, signif-
icantly correlates with renal activity and the NIH indices—histopathology-based scor-
ing systems designed to quantify the severity and progression of LN [49]. Moreover,
an early decline in urinary IL-16 at 3 months correlated with treatment response to
immunosuppression—a response determined based on UPCR, serum creatinine, and the
dose of prednisone—outperforming traditional measures like UPCR [48]. In addition to its
predictive value for treatment response, IL-16 can distinguish between proliferative LN and
pure membranous LN with an AUC of 0.89 [49]. Additionally, urinary IL-16 abundance
correlated with single-cell RNA sequencing analyses of renal biopsies, indicating that IL-16
is produced by infiltrating immune cells in LN kidneys, supporting its utility as a biomarker
for monitoring intrarenal immune activity [49]. In 225 patients with LN, urine proteomic
signatures showed that fibrous crescents were similar to activity-related lesions despite
being considered inactive lesions [48]. Despite their classification under the NIH chronicity
index, an inflammatory signature including CD73, MMP9, MIP1b, and IL-8 was identified
in fibrous crescents, highlighting the potential for tailored interventions [50].

Beyond IL-16, CD163—a macrophage-specific hemoglobin scavenger receptor up-
regulated during inflammation—has been consistently identified as a urinary biomarker
through ELISA and single-cell transcriptomics techniques in patients with LN [51–53].
Urinary CD163, closely following IL-16, significantly correlates with LN severity indicated
by the NIH activity index and histological activity [48,54]. Urinary CD163 concentration
improved considerably by week 12 in complete treatment responders, with a decline at
three months predicting a one-year response more accurately than proteinuria [48]. Ele-
vated CD163 levels across all LN classes, especially in proliferative forms, were closely
linked to disease activity and treatment response, highlighting its utility as a non-invasive
marker for tracking LN progression and therapeutic efficacy [48].

In addition to cytokines, a urine proteomic analysis has unveiled numerous signaling
molecules as biomarkers of LN pathogenesis [14]. The application of extensive proteomics
revealed a panel of six biomarkers (ICAM2, FABP4, FASLG, IGFBP-2, SELE, and TN-
FSF13B/BAFF) that effectively distinguished (AUC ROC > 0.8) patients with LN and
active renal disease (AR) from those with inactive disease (iSLE), with the majority also
showing a strong correlation with clinical disease activity [55]. Other promising urine
biomarkers—such as Angptl4, L-selectin, TPP1, and TGFβ1—also had high ROC AUC
values for distinguishing patients with lupus and AR from those with iSLE, with the com-
bination of Angptl4, L-selectin, and TPP1 yielding the highest discrimination with an AUC
of 0.97 [56]. Urinary L-selectin and Angptl4 preceded or coincided with worsening renal
disease activity as measured by the renal domains of the Systemic Lupus Erythematosus
Disease Activity Index (rSLEDAI), supporting a causal relationship between their elevation
and LN severity [56]. However, not all these urinary proteins are suitable for diagnosing
LN, as their levels may rise in other conditions causing chronic kidney disease [56]. For
instance, Angptl4, L-selectin, and TPP1 were elevated in CKD secondary to numerous
cases, TGFβ1 was only increased in FSGS, and urinary Angptl4 correlated with the CKD
stage (correlation coefficient: 0.56; p < 0.0001) [56]. Additional urinary biomarkers such
as ORM1 hold potential for the early detection of LN, even before the onset of significant
proteinuria [57]. Another study on 92 patients investigated the use of high-throughput
proteomics to identify urine-based markers for tracking kidney disease activity and damage
in patients with LN monitored by the NIH activity index (NIH-AI) and chronicity index
(NIH-CI) scores [58]. The study identified eight urinary markers (ApoA-II, vWF, IL-1α,
IGFBP2, IL-6Rβ, KIM-1, DBH, and fetuin-A) and developed two predictive algorithms
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with over 88% specificity and 93% accuracy [58]. As longitudinal kidney biopsies are
not typically performed for disease monitoring, these urinary markers hold promise for
non-invasively tracking changes in LN status over time.

The role of a complement in LN is gaining attention due to the emergence of complement-
targeting therapeutics [59]. In a study of 30 patients with LN, the kidney deposition of
Membrane Attack Complex (MAC)—the terminal product of complement activation—was
positively associated with tubulointerstitial fibrosis and atrophy (IFTA) and proteinuria,
which are predictors of progression to ESKD [60]. Urinary proteomic assays in 46 patients
with LN demonstrated that patients with more severe IFTA had a higher ratio of C9 to CD59
than those with no/mild IFTA [60]. Urinary complement activation markers also correlated
with the increased expression of genes involved in TGFβ and PDGFRβ signaling, indicating
a potential link between terminal complement pathway activation in kidney tubules and
critical growth factors in developing kidney fibrosis in LN [61,62]. These findings align with
transcriptomic data demonstrating that TGFβ1 can stimulate the expression of C3 in the
kidneys and with studies showing that PDGFRβ-positive pericytes can secrete complement
factor C1q in murine models of renal fibrosis [63,64]. TGFβ has been recognized for its
crucial role in activating pro-apoptotic pathways, leading to renal fibrosis in patients with
lupus, which can contribute to persistent immune stimulation and epitope spreading,
consequently worsening autoimmunity [65].

3.2. Rail Score

A combination approach that utilizes both targeted and untargeted proteomics tech-
niques to generate a novel biomarker panel represents an excellent strategy for biomarker
development in the context of LN. This strategy has led to the recent development of the
Renal Activity Index for Lupus Nephritis (RAIL) [45]. The RAIL score was developed
by selecting urinary biomarkers from targeted and untargeted proteomics studies and
applying multivariate regression analyses to identify the six most discriminative urinary
biomarkers for LN—NGAL, MCP-1, KIM-1, ceruloplasmin, adiponectin, and hemopexin.

The RAIL score represents a novel biomarker panel comprising six urinary protein
biomarkers, two from targeted proteomics and four from untargeted proteomic techniques.
The two proteins utilized in the RAIL identified via targeted proteomics are neutrophil
gelatinase-associated lipocalin (NGAL) and monocyte chemoattractant protein-1 (MCP-1).
Mechanistically, NGAL represents a nephroprotective protein consistently upregulated
in patients with various forms of renal injury in renal epithelial cells [66]. In contrast,
MCP-1 is a chemokine that regulates immune cells’ diffuse infiltration into renal tissue,
facilitating the ongoing inflammatory cascade in LN [67]. Targeted proteomic techniques
include enzyme-linked immunosorbent assays (ELISAs) to accurately quantify NGAL and
MCP-1 in urinary samples amongst patients with LN [68]. Numerous cross-sectional and
prospective cohort studies have shown that NGAL and MCP-1 significantly increase in
patients with LN [69–73]. Moreover, higher levels of NGAL and MCP-1 were correlated
with heightened disease activity, and these biomarkers could predict subsequent relapses
and disease flares accurately [74–77]. The findings of these cohort studies, which jointly
included approximately three hundred patients, led to the incorporation of MCP-1 and
NGAL into the RAIL score.

In contrast, the other four biomarkers incorporated in the RAIL score were identified
using unbiased discovery proteomics techniques, such as mass spectrometry. Four primary
proteomic discovery studies pioneered the identification of novel urinary biomarkers in the
context of LN [77–81]. These studies compared urine proteomic signatures across approxi-
mately 300 patients with LN and controls. They identified ~30 target proteins through the
utilization of techniques such as surface-enhanced laser desorption–ionization time-of-flight
mass spectrometry (SELDI-TOF) and matrix-assisted laser desorption–ionization time-of-
flight mass spectrometry (MALDI-TOF-MS/MS). Identified proteins were then validated in
further targeted proteomics studies utilizing ELISA techniques [81–84]. Subsequently, four
of these proteins were selected in the RAIL score, including ceruloplasmin, adiponectin,
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hemopexin, and kidney injury molecule-1 (KIM-1). Mechanistically, hemopexin and cerulo-
plasmin represent antioxidant proteins that are increased in subjects with LN, potentially
as an indicator of ongoing inflammation [85,86]. Furthermore, KIM-1 is in the nephron and
is upregulated during kidney damage to facilitate the clearance of damaged cells [87,88].
Finally, adiponectin suppresses inflammation that can be upregulated in patients with
LN [89]. Figure 2 provides an illustrative demonstration of the RAIL biomarkers and their
function in the kidney. Importantly, proteins such as NGAL and KIM-1 are not specific for
LN and reflect kidney injury secondary to a variety of causes (reviewed here: [90]).

Figure 2. An overview of the components of the RAIL score. This figure was created using BioRender.com.

The first study to validate the RAIL score was conducted in a cohort of 46 children
and adolescents and demonstrated outstanding efficacy with the capability to identify
over 90% of LN cases [91]. Furthermore, the RAIL score outperformed conventional
diagnostic scores that utilized traditional serum and laboratory biomarkers. Following
this, the RAIL score was validated in a further study using 79 adult patients with LN, and
it demonstrated excellent efficacy with an AUC of 0.88, indicating excellent diagnostic
capacity [92]. Additionally, a third study set out to validate the predictive accuracy of
the RAIL score in predicting response to therapy and disease flares amongst a cohort
of 87 patients with LN [93]. In the study, the RAIL biomarkers could accurately predict
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response to therapy and propensity towards relapse, highlighting that these biomarkers not
only hold diagnostic potential but are also capable of predicting the prognosis. RAIL scores
could also distinguish clinically active LN from inactive LN or healthy controls in pediatric
patients with SLE and decreased by ≥1 point in patients with complete remission [94].
Importantly, the RAIL score outperformed the rSLEDAI in capturing high LN activity (AUC
of 0.79 vs. 0.62, respectively). Furthermore, the RAIL score could reveal subclinical/low–
moderate LN activity in patients with an rSLEDAI of 0 who had a kidney biopsy more than
3 months ago [95], underscoring its potential as a method to routinely monitor subclinical
kidney disease [94].

4. Urinary Metabolomics

Metabolomics approaches involve comprehensively profiling low-molecular-weight
metabolites in a given biological sample. Nuclear magnetic resonance (NMR) spectroscopy
and mass spectrometry are the main methods for conducting metabolomic analyses. Numer-
ous studies have leveraged these techniques to identify novel biomarkers associated with
various healthy and disease states, including cardiovascular disease [96], neurodegenera-
tive disease [97], aging [98], pregnancy complications [99], and autoimmune diseases [100].

In this regard, NMR spectroscopy of serum of patients with LN, patients with SLE
and without LN, and healthy controls has demonstrated that patients with LN have higher
levels of lipoproteins (VLDL and LDL), but lower levels of acetate, than patients with
SLE [101,102]. NMR spectroscopy of serum was used to describe that a combination of
three metabolites (neuritic acid, C1q, and cystatin-C) could distinguish patients with SLE
and LN from those without LN with an AUC of 0.9 [103]. Interestingly, these metabolomic
changes are reversed upon treatment with cyclophosphamide-based therapy for 6 months,
with LDL/VLDL levels decreasing and acetate levels increasing, with these changes also
correlated with SLEDAI, renal SLEDAI, and serum C3 and C4 levels [102]. These findings
indicate that serum-based metabolomics can distinguish patients with LN from SLE without
LN and from healthy controls, as well as identify differential responses to treatment, which
can thereby be used for monitoring therapy response.

Urinary metabolomics approaches in LN have been used to identify metabolites
differentially affected in distinct histological classes of LN and monitor treatment re-
sponses. Compared to healthy controls, urinary pyruvate, citrate, fumarate, malate, and
α-ketoglutarate are significantly decreased in patients with LN [104,105]. Comparing
NMR-based metabolomic profiling in seven patients with class III/IV LN vs. class V LN,
Romick-Rosendale et al. showed that urinary citrate was significantly lower in class V
LN. In contrast, urinary taurine and Hippurate were markedly lower in class III/IV LN
than type V LN [106]. In another study of six patients with pure class III/IV LN, seven
patients with pure class V LN, and seven with mixed type III/IV + V LN, the ratio of
picolinic acid to tryptophan (Pic/Trp) in urine was significantly lower in patients with
type V LN than those with class III/IV. Combining the Pic/Trp ratio with eGFR and the
urinary protein-to-creatinine ratio (UPCR) could distinguish the LN classification of pure
type III/IV vs. pure type V LN with an AUC of 0.91, outperforming eGFR alone (0.499)
and UCPR alone (0.444), which are current laboratory measures for monitoring LN [104].

In the context of treatment response, urinary citrate, which was significantly lower in
patients with LN than healthy controls and distinguished between them with an AUC of
0.91, increased 6 months after induction therapy with cyclophosphamide for LN [105]. Uri-
nary citrate levels also correlated moderately but significantly with C3 (r = 0.362; p = 0.03)
and UPCR (r = −0.346; p = 0.039). Although urinary acetate levels—higher in patients
with LN than healthy controls at the disease diagnosis—did not decrease significantly
post-treatment, they did correlate significantly with SLEDAI (r = 0.337; p = 0.048). Consid-
ering this evidence and serum-based metabolomics studies that identified LN biomarkers,
these findings pave the way for monitoring LN treatment response through routine blood
samples or non-invasively through urine instead of renal biopsies. However, it remains
to be investigated to what degree these treatment-related changes are brought about by

289



J. Clin. Med. 2024, 13, 2339

clinically beneficial treatment responses or as an independent effect of these medications
on the serum and urine metabolome [107].

5. Conclusions and Perspectives

Table 1 provides an overview of the transcriptomic, proteomic, and metabolomic
biomarkers discussed within this review. Utilizing urinary transcriptomics, proteomics,
and metabolomics in LN holds tremendous potential to aid in establishing accurate diag-
noses and predicting the therapeutic response and prognosis. It is unlikely that urinary mi-
croRNAs and the RAIL biomarkers will replace conventional diagnostic modalities such as
kidney biopsies and other traditional biomarkers. However, an approach utilizing urinary
microRNAs, the RAIL and other pro-inflammatory biomarkers, and urinary metabolites
in combination with conventional diagnostic methods offers a unique perspective toward
enhancing diagnostic and prognostic accuracy. Moreover, urinary multi-omic protocols
can eliminate the need for multiple kidney biopsies amongst patients with LN, as urinary
microRNA, metabolites, and protein biomarkers can predict disease activity, reducing the
repeated utilization of invasive procedures. Developing a multi-parameter urinary panel
incorporating different types of multi-omic biomarkers could facilitate the generation of a
novel, non-invasive modality that integrates emerging immuno-technologies to accurately
aid in the disease diagnosis, predict the prognosis and therapeutic response, and assess the
presence of chronic disease and renal architectural damage. Finally, such biomarkers can
provide novel insights into the pathophysiology of the disease and its mechanisms, leading
to advances in the understanding and targeted treatment of the disease.

Table 1. Summary of biomarkers for lupus nephritis.

Biomarker Association References

Urinary Transcriptomics

miRNA-21
Distinguished inactive and active LN (AUC = 0.89) and

differentiated healthy controls from patients with LN (sens.: 86%;
AUC = 0.91).

[28–33]

miRNA-146a Accurately discriminates patients with LN from healthy controls,
directly correlates with disease activity and histological features. [34–36]

miRNA-29c Key modulator of renal fibrosis, accurately determines renal
chronicity and disease severity in LN (sens.: >80%; spec.: >80%). [37–39]

MicroRNA Panel (miRNA-21,
miRNA-150, miRNA-29c) Correlated significantly with the LN chronicity index. [39]

MicroRNA Panel (miRNA-135b-5p,
miRNA-107, miRNA-31)

Predicting disease activity and progression, showing significant
differences between responders and non-responders during

flare-ups and one year after (AUC = 0.73–0.78).
[43]

Urinary Proteomics

IL-16
Correlates with renal activity and NIH indices, predictive of

treatment response, distinguishes LN types with high accuracy
(AUC of 0.89).

[48,49]

CD73, MMP9, MIP1b, IL-8 Identifies fibrous crescents. [50]

CD163 Correlates with LN severity and treatment response, predicts
one-year response more accurately than traditional measures. [48,51–54]

Proteomic Panel (ICAM2, FABP4, FASLG,
IGFBP-2, SELE, TNFSF13B/BAFF)

Distinguishes active renal disease from inactive disease in
patients with LN with high accuracy (AUC > 0.8), correlates with

clinical disease activity.
[55]
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Table 1. Cont.

Biomarker Association References

Angptl4, L-selectin, TPP1, TGFβ1
High discrimination power for active vs. inactive disease (highest
AUC of 0.97 with a combination), indicates causal relationship

with LN severity.
[56]

ORM1 Early detection of LN. [57]

Urinary apoA-II, vWF, IL-1α, IGFBP2,
IL-6Rβ, KIM-1, DBH, Fetuin-A

Identified for tracking kidney disease activity and damage in LN,
with high specificity and accuracy. [58]

Complement Activation Markers
(C9-to-CD59 Ratio)

Associated with tubulointerstitial fibrosis and proteinuria,
indicators of ESRD progression; linked with TGFβ and PDGFRβ

signaling in kidney fibrosis development.
[60–64]

NGAL
Upregulated in renal epithelial cells during renal injury.

Significantly increases in patients with LN, correlates with disease
activity, and predicts relapses and disease flares.

[66,69–77]

MCP-1 Elevated levels associated with increased disease activity and
predictive of disease progression. [67,69–77]

Ceruloplasmin Antioxidant protein increased in LN, potentially indicating
ongoing inflammation. [86]

Adiponectin Anti-inflammatory protein upregulated in patients with LN. [89]

Hemopexin Antioxidant protein increased in subjects with LN, indicating
ongoing inflammation. [85]

KIM-1 Upregulated during kidney damage for the clearance of
damaged cells. [87]

RAIL Score (NGAL, MCP-1,
Ceruloplasmin, Adiponectin, Hemopexin,

KIM-1)

Diagnostic capability (over 90% identification rate of LN cases in
children and adolescents; AUC of 0.88 in adults). Excellent

predictive accuracy for response to therapy and disease flares.
[90–95]

Urinary Metabolomics

Serum Lipoproteins (VLDL, LDL),
Acetate Levels

Higher VLDL and LDL but lower acetate levels in patients with
LN compared to healthy controls. Changes upon treatment

correlate with disease activity and treatment response.
[101,102]

Serum Neuritic Acid, C1q, Cystatin-C Can distinguish patients with SLE and LN from those without LN
(AUC = 0.9). Levels reverse upon treatment. [103]

Urinary Pyruvate, Citrate, Fumarate,
Malate, α-Ketoglutarate

Significantly decreased in patients with LN compared to
healthy controls. [104,105]

Urinary Citrate Significantly lower in class V LN compared to class III/IV.
Increases after treatment, correlating with treatment response. [105,106]

Urinary Taurine and Hippurate Markedly lower in class III/IV LN than class V. [106]

Urinary-Picolinic-Acid-to-Tryptophan
Ratio (Pic/Trp)

Lower in type V LN than in class III/IV; combined with eGFR
and UPCR, distinguishes LN classes with high accuracy

(AUC of 0.91).
[104]

Urinary Acetate
Higher in patients with LN at diagnosis; correlates with disease

activity (SLEDAI), but does not significantly decrease
post-treatment.

[106]

Angptl4: Angiopoietin-like 4; C1q: Complement component 1q; DBH: Dopamine beta-hydroxylase; FABP4:
Fatty acid binding protein 4; FASLG: Fas ligand; ICAM2: Intercellular adhesion molecule 2; IGFBP-2: Insulin-
like growth factor binding protein 2; IL: Interleukin; IL-1α: Interleukin 1 alpha; IL-6Rβ: Interleukin 6 receptor
beta; KIM-1: Kidney injury molecule-1; L-selectin: L-selectin; LDL: Low-density lipoprotein; MCP-1: Monocyte
chemoattractant protein-1; MIP1b: Macrophage inflammatory protein 1 beta; miRNA: microRNA; MMP9: Matrix
metallopeptidase 9; NGAL: Neutrophil gelatinase-associated lipocalin; ORM1: Orosomucoid 1; SELE: Selectin
E; TGFβ1: Transforming growth factor beta 1; TNFSF13B/BAFF: Tumor necrosis factor superfamily member
13B/B-cell activating factor; TPP1: Tripeptidyl peptidase 1; VLDL: Very-low-density lipoprotein; vWF: von
Willebrand factor.
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Nonetheless, several challenges and limitations remain in utilizing urinary transcrip-
tomics and proteomics in the clinical setting. More extensive prospective studies across
diverse patient cohorts remain a need to validate the findings of urinary biomarkers, includ-
ing the RAIL biomarkers and urinary microRNAs. In 368 adolescents and young adults,
RAIL biomarkers amongst the healthy controls demonstrated substantial variations in
biomarker levels due to age and gender [108]. Moreover, several studies have found con-
flicting evidence regarding quantifying specific urinary microRNAs in the context of lupus
nephritis [109]. Hence, validation studies establishing reference ranges for these urinary
biomarkers to distinguish healthy controls from patients with LN accurately are needed.

Additionally, cutting-edge quantitative transcriptomic, proteomic, and metabolomic
techniques are required to quantify these biomarkers accurately in the clinical setting.
The majority of the studies validating the RAIL biomarkers utilized ELISA techniques for
protein quantification; however, given the emergence of novel approaches such as mass
spectrometry to quantify proteins, the incorporation of these techniques in the clinical
setting is required owing to their accuracy and potential cost-effectiveness when utilized at
a grander scale [110]. On the other hand, the majority of studies quantifying urinary micro-
RNAs used RT-qPCR to quantify microRNAs; however, the emergence of next-generation
sequencing technology offers unique perspectives toward the quantification of microRNAs
due to its greater sensitivity and capacity to quantify total microRNA signatures [111].
Additionally, mechanistic research efforts are required to further elucidate the contribution
of identified biomarkers towards the pathophysiology of LN. The confounding effect of
treatment (including corticosteroids and immunosuppressants), patient comorbidities, and
lifestyle factors on urinary transcriptomic, proteomic, and metabolomic findings must also
be better understood, as this could majorly affect the interpretation of findings in individual
patients. Finally, collaborative efforts are needed between scientists and clinicians to bridge
the gap and raise awareness regarding the tremendous utility of these biomarkers in
the clinical setting. Metabolomics approaches are increasingly utilized in the field of
cardiovascular disease prevention and management in the form of composite metabolomic
risk scores or lipidomic scores, which signals increasing clinician awareness of these novel
approaches. Nevertheless, more must be done to increase knowledge of these technologies
if they are to be introduced widely into clinical care, including the possibility of integrating
their basics into the medical education curriculum.
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Abstract: Background: Lupus nephritis (LN) is an inflammation of the kidneys that is related
to systemic lupus erythematosus (SLE). This study aimed to evaluate the differences in clinical
and laboratory characteristics between LN and non-LN SLE patients. Methods: We conducted
a retrospective analysis of medical records collected from SLE patients treated at the University
Hospital in Kraków, Poland, from 2012 to 2022. All patients met the 2019 European League Against
Rheumatism and the American College of Rheumatology (EULAR/ACR) criteria for SLE. Results:
Among 921 SLE patients, LN was documented in 331 (35.94%). LN patients were younger at
SLE diagnosis (29 vs. 37 years; p < 0.001) and had a male proportion that was 2.09 times higher
than the non-LN group (16.62% vs. 7.97%; p < 0.001). They were more often diagnosed with
serositis and hematological or neurological involvement (p < 0.001 for all). Hypertension and
hypercholesterolemia occurred more frequently in these patients (p < 0.001 for both). LN patients
exhibited a higher frequency of anti-dsDNA, anti-histone, and anti-nucleosome antibodies (p < 0.001
for all). Conversely, the non-LN group had a 1.24-fold (95% CI: 1.03–1.50; p = 0.021) increase in the
odds ratio of having positive anti-cardiolipin IgM antibody results. LN patients were more frequently
treated with immunosuppressants. The risk factors for experiencing at least three LN flares included
female sex, younger age at the onset of LN or SLE, LN occurring later than SLE onset, the presence
of anti-nucleosome or anti-dsDNA antibodies, and certain SLE manifestations such as myalgia,
arthritis, proteinuria > 3.5 g/day, and pathological urinary casts in the urine sediment. Conclusions:
LN patients differ from non-LN patients in the age of SLE diagnosis, treatment modalities, and
autoantibody profile and have more frequent, severe manifestations of SLE. However, we still need
more prospective studies to understand the diversity of LN and its progression in SLE patients.

Keywords: systemic lupus erythematosus; lupus nephritis; prognostic factors; EULAR/ACR; ISN/RPS

1. Introduction

Systemic lupus erythematosus (SLE) is an autoimmune disease characterized by the
abnormal activation of autoreactive T and B cells, subsequent production of autoantibodies,
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activation of complement, and immune-complex deposition, which results in tissue and
also organ damage [1–3]. SLE is diagnosed predominantly in women of young age, interest-
ingly, with a female-to-male ratio of about 15:1 [4]. Other risk factors for SLE development
include race other than Caucasian, genetic determinants (i.e., gene variants located on the X
chromosome, such as IRAK1, MECP2, and TLR7), hormonal factors (i.e., estrogens, proges-
terone, and prolactin), immune abnormalities, and environmental factors (i.e., ultraviolet
light exposure, urban areas, cigarette smoking, and viral and bacterial infections) [5–8].

Kidney involvement is one of the most common and severe manifestations of SLE,
affecting up to 75% of patients during the course of the disease [9–11]. It typically develops
in the early stages of SLE, especially within the first 3–5 years, but it can also present at
initial diagnosis [12]. The manifestation of lupus nephritis (LN) varies from subclinical
laboratory abnormalities to overt nephritis, nephrotic syndrome, and rapidly progressive
renal failure [13,14]. Additionally, up to 30% of patients with LN will develop ESKD within
5 years of onset [12]. Risk factors for progressive kidney disease are not fully recognized but
include neuropsychiatric lupus, pediatric onset, male sex, race other than Caucasian, poor
socioeconomic status, hypertension, impaired renal function at the time of renal biopsy,
anemia, presence of anti-dsDNA antibodies, persistent hypocomplementemia, frequent
relapses or incomplete remission, and proteinuria > 4 g per day at diagnosis [10,15,16].

Histologically, there are six distinct classes of nephropathy classified by the Interna-
tional Society of Nephrology/Renal Pathology Society (ISN/RPS) that represent different
manifestations and severities of renal involvement in SLE [9]. Patients with proliferative
forms of LN are at the highest risk for kidney replacement therapy [12]. Additionally,
crescentic glomerulonephritis, thrombotic microangiopathy, or extensive tubulointersti-
tial damage increase the risk for a worse renal prognosis in LN patients [15,16]. Patients
with LN have a higher mortality ratio and die earlier than SLE patients without LN [12];
therefore, early LN diagnosis and prompt treatment initiation are vital to prevent disease
progression. Many studies have been carried out on LN cases to determine the predic-
tors of a more unfavorable prognosis; however, their results are inconsistent [11,17,18].
Furthermore, data on the Polish LN population remains scarce [19–22]. Thus, we aimed
to retrospectively evaluate the clinical and laboratory data, including histology, disease
follow-up, and treatment modalities, in a large cohort of 921 Polish SLE patients, including
331 subjects with LN. We also examined which factors impact LN development and further
prognosis, which could be useful for clinicians.

2. Patients and Methods

2.1. Study Population

We retrospectively reviewed the medical records of all SLE cases diagnosed and treated
in the University Hospital, Kraków, Poland, from January 2012 to June 2022. At the time
of data collection, all patients met the European League Against Rheumatism and the
American College of Rheumatology (EULAR/ACR) criteria from 2019 for SLE [23].

This paper is a continuation of our previous manuscript on LN, in which detailed in-
formation on our methods has been provided [24]. Briefly, we recorded data on sex, current
age, age at first SLE symptoms and diagnosis, the time between the onset of SLE symp-
toms and diagnosis, duration of the disease, family history of SLE and other autoimmune
diseases, clinical and laboratory SLE manifestations, internist comorbidities, miscarriages
in women, different treatment modalities, and cause of and age at death (if applicable).
The evaluated clinical manifestations included general symptoms, lymphadenopathy, skin
lesions, oral or nasopharyngeal ulcerations, photosensitivity, joint involvement, serositis,
hematologic domain (leukopenia, lymphopenia, anemia, hemolytic anemia, thrombocy-
topenia, macrophage activation syndrome, and thrombotic thrombocytopenic purpura),
kidney, nervous system and respiratory tract involvement, Raynaud’s phenomenon, and
lupoid hepatitis. All of them were defined in detail in our previous paper [24]. We also
collected data on family history concerning SLE and other autoimmune diseases in the first-
and second-line degrees of the ascending and descending relatives.
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Next, we divided patients into two subgroups: the first comprised those with LN
diagnosis (LN patients), and the second consisted of patients without LN diagnosis (non-
LN patients). LN was confirmed either by a renal biopsy and classified according to the
ISN/RPS criteria or based on overt renal symptoms (proteinuria, active urinary sediment)
during a lupus flare [2]. The evaluation of LN was extended to age at LN diagnosis,
histologic type of nephropathy according to the ISN/RPS criteria (if kidney biopsy was
performed), numbers of LN exacerbations, and diagnosis of ESKD, if applicable [25].
We also analyzed internal disease comorbidities such as arterial hypertension, diabetes
mellitus, hypercholesterolemia, atrial fibrillation, lower extremity peripheral artery disease,
heart failure, malignant tumor, or any thromboembolic events. The recorded treatment
modalities included corticosteroids, hydroxychloroquine or chloroquine, azathioprine,
methotrexate, cyclosporine A, mycophenolate mofetil, cyclophosphamide, sulfasalazine,
immunoglobulins intravenously in suppressive doses, and biological agents (belimumab,
rituximab, and anifrolumab) used currently or in the past. We also reported if a patient had
a splenectomy or plasmapheresis in their medical records.

We received approval for the research from the Bioethics Committee of the Jagiellonian
University Medical College (No: 118.6120.41.2023, on 15 June 2023). Furthermore, all
procedures adhered to the ethical principles outlined in the Declaration of Helsinki.

2.2. Laboratory Analysis

We used routine laboratory techniques to measure complete blood cell count (CBC),
lipid profile, haptoglobin, creatinine with estimated glomerular filtration rate (eGFR, us-
ing Modification of Diet in Renal Disease formula), 24 h urine protein excretion, urinary
sediment analysis, direct antiglobulin test, and blood group designation [26]. Anti-nuclear
antibodies (ANAs) were evaluated by an indirect immunofluorescence (IIF) technique
using Hep-2 cells. Extractable Nuclear Antigen (ENA) testing was conducted when ANA
(IIF) results were positive. Anti-Sjögren’s-syndrome-related antigen A (SSA), anti-Sjögren’s-
syndrome-related antigen B (SSB), anti-histone, anti-nucleosome, anti-Smith (Sm), and
anti-ribonucleoprotein (RNP) antibodies and autoantibodies were identified by an enzyme-
linked immunosorbent assay (ELISA) or a line-blot immunoassay. Anti-double-stranded
DNA (anti-dsDNA) antibodies were assayed by IIF using Crithidia luciliae as a substrate.
Anti-myeloperoxidase (MPO) and anti-proteinase three (PR3) antibodies were assessed
using a standardized ELISA technique. Serum complement levels (C3c and C4) and rheuma-
toid factor (RF) were assessed by nephelometry. Laboratory tests for hypercoagulability
were also included, such as lupus anticoagulant (LA), anti-cardiolipin (aCL), anti-beta-2-
glycoprotein I (anti-β2GPI) antibodies (both in IgM and IgG classes), antithrombin activity,
protein C activity, free protein S level, activity of factor VIII, and presence of factor V
Leiden and prothrombin G20210A gene variants. All of them were measured using routine
laboratory techniques.

2.3. Statistical Elaboration

The results were analyzed using STATISTICA Tibco 13.3 software (StatSoft Inc., Tulsa,
OK, USA). Categorical variables are presented as frequencies (number of cases) with relative
frequencies (percentages) and compared using the Chi2 test or the exact Fisher test. The
normality of data distribution was evaluated using the Shapiro–Wilk test. All continuous
variables were non-normally distributed and thus were presented as median with Q1–Q3
ranges and compared using the Mann–Whitney test. To calculate the odds ratio (OR) with a
95% confidence interval (CI), the cut-off points were calculated based on receiver operating
characteristic (ROC) curves. Cluster analysis was performed using the k-means method. A
significance threshold of two-sided p-values below 0.05 was employed for all analyses.
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3. Results

3.1. Demographic Characteristics

The summary of demographic parameters is provided in Table 1. The study included
921 SLE patients. Among them, 331 (35.94%) represented the LN cases, with the most
common being class IV (diffuse proliferative glomerulonephritis), identified in 91 (50.56%)
out of 180 performed renal biopsies. Detailed characteristics of the kidney specimen
histology are provided in our previous publication [24].

Table 1. Demographic characteristics of 921 patients with systemic lupus erythematosus.

Characteristics
LN Patients

n = 331
Non-LN Patients

n = 590
p-Value

Age of onset

Adult onset (age of onset ≥ 18 years), n (%) 286 (86.9%) 544 (93.8%)
<0.001 *

Juvenile onset (age of onset < 18 years), n (%) 43 (13.1%) 36 (6.2%)

Sex of patients

Female, n (%) 276 (83.38%) 543 (92.04%)
<0.001 *

Male, n (%) 55 (16.62%) 47 (7.96%)

Disease characteristics

Age at first symptoms, years 28 (20.75–39) 34 (24–46) <0.001 *

Age at onset, years 29 (22–41) 37 (27–49) <0.001 *

Time delay between onset of symptoms and diagnosis, years 0 (0–1) 0.5 (0–3) <0.001 *

Age at last visit, years 44 (35–57) 52 (41–63) <0.001 *

Disease duration, years 13 (6–20) 14 (8–22) 0.76

Categorical variables are presented as numbers with percentages, continuous variables are presented as median
with Q1–Q3 ranges, and an asterisk marks the statistically significant differences. Abbreviations: LN—lupus
nephritis, n—number.

The treatment modalities based on the kidney biopsy classes are summarized in
Table 2. As presented, LN patients regarding the class of nephropathy differ in the fre-
quency of usage of specific immunosuppressive medications such as cyclophosphamide
and plasmapheresis.

In 207 (62.53%) LN patients, kidney manifestations were present at SLE diagnosis,
while in 122 (36.86%) patients, it was diagnosed at a median of 5.5 years later (p < 0.001).
Patients with confirmed LN were diagnosed with SLE at a median of 8 years earlier
(29 vs. 37 years, respectively; p < 0.001) and two-fold more frequently in childhood or
teenage years (p < 0.001), with the first symptoms appearing at a median of 6 years earlier
(28 vs. 34 years, respectively; p < 0.001) than in the remaining group. Consequently, the
time delay between symptom onset and diagnosis was a median of 0.5 years shorter in the
LN group (0 vs. 0.5 years, respectively; p < 0.001). On the other hand, the disease duration
from diagnosis to analysis was similar in both groups (median: 13 vs. 14 years, respectively;
p = 0.76). Women constituted the majority of cases in both SLE subgroups; however, SLE
was diagnosed 2.09 times more frequently in men in the LN cases (p < 0.001).

In 157 individuals (17.05%), there were reported cases of systemic autoimmune disor-
ders among close relatives, with no significant differences observed between the two stud-
ied subgroups (p > 0.05). Additionally, Hashimoto’s disease was reported in 16 individuals
(1.74% overall), type 1 diabetes mellitus in 4 individuals (0.43% overall), Graves–Basedov
disease in 3 individuals (0.33% overall), Sjögren’s syndrome in 2 individuals (0.22% overall),
systemic sclerosis in 1 individual (0.11% overall), granulomatosis with polyangiitis in 1 in-
dividual (0.11% overall), dermatomyositis in 1 individual (0.11% overall), mixed connective
tissue disease in 1 individual (0.11% overall), celiac disease in 1 individual (0.11% overall),
ulcerative colitis in 1 individual (0.11% overall), myasthenia gravis in 1 individual (0.11%

301



J. Clin. Med. 2024, 13, 4486

overall), immune thrombocytopenia in 1 individual (0.11% overall), autoimmune hepatitis
in 1 individual (0.11% overall), Addison–Biermer anemia in 1 individual (0.11% overall),
and undifferentiated connective tissue disease in 1 individual (0.11% overall).

Table 2. Characteristics of treatment in 180 lupus nephritis patients who underwent kidney biopsy.

Treatment
I

n = 3
II

n = 33
III

n = 26
IV

n = 91
V

n = 22
VI

n = 5
p-Value

Glucocorticoids oral and/or intravenous, n (%) 3
(100.0%)

33
(100.0%)

25
(96.2%)

90
(98.9%)

22
(100.0%)

5
(100.0%) 0.31

Chloroquine or hydroxychloroquine, n (%) 2
(66.7%)

21
(63.6%)

18
(69.2%)

56
(61.5%)

12
(54.5%)

4
(80.0%) 0.79

Azathioprine, n (%) 2
(66.7%)

16
(48.5%)

14
(53.8%)

43
(47.3%)

12
(54.5%)

4
(80.0%) 0.71

Methotrexate, n (%) 1
(33.3%)

2
(6.1%)

5
(19.2%)

14
(15.4%)

6
(27.3%)

2
(40.0%) 0.24

Cyclosporine, n (%) 0
(0.0%)

2
(6.1%)

2
(7.7%)

16
(17.6%)

5
(22.7%)

1
(20.0%) 0.42

Belimumab, n (%) 1
(33.3%)

1
(3.0%)

1
(3.8%)

8
(8.8%)

0
(0.0%)

0
(0.0%) 0.21

Mycophenolate mofetil, n (%) 1
(33.3%)

20
(60.6%)

15
(57.7%)

72
(79.1%)

18
(81.8%)

5
(100.0%) 0.06

Cyclophosphamide, n (%) 1
(33.3%)

15
(45.5%)

18
(69.2%)

77
(84.6%)

18
(81.8%)

5
(100.0%) <0.001 *

Rituximab, n (%) 0
(0.0%)

1
(3.0%)

0
(0.0%)

10
(11.0%)

3
(13.6%)

0
(0.0%) 0.30

Immunoglobulins, n (%) 0
(0.0%)

1
(3.0%)

1
(3.8%)

2
(2.2%)

2
(9.1%)

1
(20.0%) 0.34

Plasmapheresis, n (%) 0
(0.0%)

2
(6.1%)

1
(3.8%)

3
(3.3%)

2
(9.1%)

2
(40.0%) 0.027 *

Sulfasalazine, n (%) 1
(33.3%)

0
(0.0%)

0
(0.0%)

4
(4.4%)

2
(9.1%)

0
(0.0%) 0.053

Categorical variables are presented as numbers and an asterisk marks the statistically significant differences.
Abbreviations: n—number.

3.2. Lupus Nephritis Is Related to More Severe Clinical Immunosuppressive Treatment

Table 3 presents the frequencies of systemic involvement other than kidney-related
involvement in the SLE cohort. In the LN group, the most common were hematolog-
ical (95.17%), joint (84.29%), and constitutional symptoms (80.97%). Non-LN patients
exhibited similar predominant clinics, with joint (92.88%), hematological (89.66%), and
mucocutaneous signs (87.3%) being the most frequent. Comparing LN to non-LN cases,
the former group was characterized by more severe manifestations. For instance, diffuse
alveolar hemorrhage (4.75 times; p = 0.024), central nervous system involvement (3.03 times;
p < 0.001), pleural effusion (2.22 times; p < 0.001), and pericardial effusion (2.22 times;
p < 0.001) were more common in LN. Additionally, we reported fever (1.33 times; p < 0.001),
fatigue or weakness (1.11 times; p = 0.037), hematological signs (1.06 times; p = 0.006) such
as lymphopenia (1.15 times; p < 0.001), hemolytic anemia (1.9 times; p = 0.001), or anemia of
any cause (1.29 times; p < 0.001), and peripheral nervous system involvement (1.87 times;
p = 0.037) more frequently in LN. On the other hand, we documented mucocutaneous signs
(1.17 fold; p < 0.001) such as lupus malar rash (1.21 fold; p = 0.016) or other skin changes
(1.14 fold; p = 0.007), photosensitivity (1.43 fold; p < 0.001), and Raynaud’s phenomenon
(1.56 times; p < 0.001) less frequently in LN patients.
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Table 3. Cumulative frequencies of systemic involvement in all enrolled patients.

Clinical Manifestations
LN Patients

n = 331
Non-LN Patients

n = 590
p-Value

Constitutional manifestations, n (%) 268 (80.97%) 461 (78.14%) 0.35

Fever, n (%) 166 (52.87%) 233 (39.9%) <0.001 *

Fatigue/weakness, n (%) 222 (70.03%) 366 (62.89%) 0.037 *

Myalgias, n (%) 122 (38.49%) 222 (38.21%) 0.99

Weight loss, n (%) 81 (25.80%) 121 (20.75%) 0.10

Lymphadenopathy, n (%) 64 (20.25%) 114 (19.52%) 0.86

Mucocutaneus manifestations, n (%) 248 (74.92%) 515 (87.30%) <0.001 *

Lupus malar rash, n (%) 130 (39.88%) 285 (48.39%) 0.016 *

Discoid rash, n (%) 22 (6.77%) 52 (8.83%) 0.33

Urticaria, n (%) 26 (8.00%) 51 (8.66%) 0.83

Cutaneous vasculitis, n (%) 23 (7.08%) 36 (6.11%) 0.67

Alopecia, n (%) 85 (26.07%) 161 (27.33%) 0.74

Oral and/or nasal ulcers, n (%) 51 (15.69%) 92 (15.62%) 0.95

Photosensitivity, n (%) 89 (27.38%) 231 (39.22%) <0.001 *

Other skin changes 1, n (%) 206 (62.61%) 421 (71.48%) 0.007 *

Joint manifestations, n (%) 279 (84.29%) 548 (92.88%) <0.001 *

Arthritis, n (%) 194 (59.69%) 385 (65.59%) 0.09

Arthralgia, n (%) 279 (84.80%) 545 (92.37%) <0.001 *

Serositis, n (%) 122 (37.08%) 112 (18.98%) <0.001 *

Pleural effusion, n (%) 90 (27.44%) 73 (12.37%) <0.001 *

Pericardial effusion, n (%) 75 (23.44%) 62 (10.56%) <0.001 *

Pericarditis, n (%) 12 (3.65%) 25 (4.24%) 0.79

Hematological manifestations, n (%) 315 (95.17%) 529 (89.66%) 0.006 *

Leucopenia 2, n (%) 209 (65.11%) 362 (62.31%) 0.44

Lymphopenia 3, n (%) 261 (83.65%) 414 (72.89%) <0.001 *

Anemia 4, n (%) 272 (84.47%) 381 (65.69%) <0.001 *

Hemolytic anemia 5, n (%) 42 (30.43%) 42 (16.03%) 0.001 *

Thrombocytopenia 6, n (%) 110 (34.16%) 182 (31.33%) 0.42

Direct Coombs test, n (%) 29 (36.25%) 31 (41.33%) 0.63

Macrophage activation syndrome, n (%) 5 (1.53%) 3 (0.51%) 0.23

Thrombotic thrombocytopenic purpura 7, n (%) 1 (0.30%) 1 (0.17%) 0.75

Kidney involvement, n (%) 331 (100%) 0 (0%) <0.001 *

24 h urinary protein excretion > 0.5 g/day, n (%) 300 (96.46%) 0 (0%) <0.001 *

24 h urinary protein excretion > 3.5 g/day, n (%) 158 (58.74%) 0 (0%) <0.001 *

Urinary casts, n (%) 138 (61.06%) 0 (0%) <0.001 *

Erythrocyturia, n (%) 229 (84.81%) 0 (0%) <0.001 *

Leukocyturia, n (%) 242 (84.62%) 0 (0%) <0.001 *

Neurological abnormality, n (%) 59 (17.82%) 45 (7.63%) <0.001 *

Central nervous system involvement, n (%) 44 (13.37%) 26 (4.41%) <0.001 *

Peripheral nervous system involvement, n (%) 24 (7.29%) 23 (3.90%) 0.037
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Table 3. Cont.

Clinical Manifestations
LN Patients

n = 331
Non-LN Patients

n = 590
p-Value

Raynaud’s phenomenon, n (%) 61 (18.48%) 170 (28.81%) <0.001 *

Lung involvement, n (%) 30 (9.06%) 49 (8.31%) 0.79

Interstitial lung disease, n (%) 19 (5.76%) 30 (5.08%) 0.78

Diffuse alveolar hemorrhage, n (%) 8 (2.42%) 3 (0.51%) 0.024 *

Pulmonary hypertension, n (%) 9 (2.80%) 22 (3.75%) 0.57

Lupoid hepatitis, n (%) 13 (3.94%) 31 (5.25%) 0.46

Categorical variables are presented as numbers with percentages, and an asterisk marks the statistically significant
differences. Abbreviations: n—number; LN—lupus nephritis. 1—erythema, livedo racemosa, livedo reticularis;
2—<4000/mm3 or diagnosis in a medical history; 3—<1500/mm3 or diagnosis based on a medical history;
4—≤12 g/dL in women, ≤13.5 g/dL in men, or diagnosis based on medical history; 5—anemia with a positive
direct Coombs test or anemia with a decreased level of haptoglobin or diagnosis based on a medical history;
6—<100,000/mm3 or diagnosis based on a medical history; 7—confirmed with ADAMTS-13 level.

3.3. Arterial Hypertension and Hypercholesterolemia Were the Only Internal Disease
Comorbidities with a Higher Prevalence in the Lupus Nephritis Group

In general, the SLE subtype differed regarding the analyzed internal medicine comor-
bidities, except for arterial hypertension and hypercholesterolemia (Table 4), which were
1.75 times and 1.81 times more frequent in LN, respectively (p < 0.001 for both). Overall,
ESKD was reported in 23 cases (6.95%) in the LN group and 3 cases (0.51%) in the non-LN
group (p < 0.001), where it was related to concomitant internal diseases.

Table 4. Cumulative frequencies of comorbidities in all included patients.

Comorbidities 1 LN Patients
n = 331

Non-LN Patients
n = 590

p-Value

Hypertension, n (%) 241 (72.81%) 246 (41.69%) <0.001 *

Diabetes mellitus, n (%) 38 (11.48%) 58 (9.83%) 0.50

Heart failure 2, n (%) 23 (6.95%) 24 (4.07%) 0.08

Hypercholesterolemia 3, n (%) 223 (67.58%) 220 (37.29%) <0.001 *

Atrial fibrillation, n (%) 14 (4.23%) 19 (3.22%) 0.54

Peripheral artery disease, n (%) 11 (3.33%) 39 (6.61%) 0.05

End-stage kidney disease, n (%) 23 (6.97%) 2 (0.34%) <0.001 *

Monoclonal gammopathy of undetermined significance, n (%) 9 (2.72%) 10 (1.69%) 0.42

Malignant tumor, n (%) 31 (9.37%) 61 (10.37%) 0.71

Artery thrombotic episode, n (%) 100 (30.21%) 219 (37.12%) 0.041 *

Stroke, n (%) 21 (6.34%) 52 (8.81%) 0.23

Transient ischemic attack, n (%) 6 (1.81%) 10 (1.69%) 0.89

Myocardial infarct, n (%) 88 (26.59%) 184 (31.19%) 0.16

Thrombotic episode in another artery, n (%) 7 (2.11%) 15 (2.54%) 0.85

Venous thrombotic episode, n (%) 61 (18%) 108 (18%) 0.97

Deep venous thrombosis, n (%) 50 (15%) 91 (15%) 0.97

Pulmonary embolism, n (%) 14 (4%) 25 (4%) 0.88

Deep venous thrombosis and pulmonary embolism, n (%) 8 (2%) 11 (2%) 0.75

Thrombotic episode in another venous, n (%) 8 (2%) 11 (2%) 0.75

Miscarriage, n (%) 32 (13.06%) 4 79 (18.16%) 4 0.11

Categorical variables are presented as numbers with percentages, and an asterisk marks the statistically signif-
icant differences. 1—comorbidities present or in the past; 2—symptoms of heart failure or LVEF ≤ 40% or a
diagnosis based on medical history; 3—LDL > 3 mmol/L or pharmacotherapy with statin or a diagnosis based on
medical history; 4—% of women with miscarriage from number of women with systemic lupus erythematous.
Abbreviations: LDL—low-density lipoprotein, LN—lupus nephritis, LVEF—left ventricular ejection fraction,
n—number.
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3.4. The Mortality Rates Were Similar in Lupus and Non-Lupus Nephritis Cases

Throughout the median follow-up period of 14 years, a total of 47 (5.57%) SLE patients
died, with 16 (5.28%) in the LN group and 31 (5.73%) in the non-LN group (p = 0.79).
Among the deceased, the predominant causes of death included infections (10 cases, 21.28%
overall), followed by SLE exacerbation (4 cases, 8.51% overall) and malignancies (4 cases,
8.51% overall), with no significant differences observed between subgroups (p > 0.05 for all).

Statistically significant factors influencing mortality in all SLE patients include male
sex, presence of aCL antibodies in IgG or IgM classes, presence of aβ2GPI in IgM class
antibodies, internal comorbidities (arterial hypertension, diabetes mellitus, heart failure, hy-
percholesterolemia, atrial fibrillation, and peripheral artery disease), malignant tumor, mon-
oclonal gammopathy of undetermined significance, thromboembolic episodes (myocardial
infarction, deep vein thrombosis), rituximab administration, and certain SLE manifestations
(fever, weight loss, fatigue/weakness, arthritis, pericardial or pleural effusion, hemolytic
anemia, thrombocytopenia, macrophage activation syndrome, erythrocyturia or urinary
casts in urine sediment, diffuse alveolar hemorrhage, and pulmonary hypertension).

3.5. Lupus Nephritis Was Associated with a Higher Frequency of Anti-dsDNA, Anti-Nucleosome,
and Anti-Histone Antibodies

As expected, anti-dsDNA antibodies were more common in the LN group (84.44%
vs. 62.48%; p < 0.001). Amongst the whole cohort, patients with an anti-dsDNA titer of
1:80 or more in indirect immunofluorescence had a 1.76 OR (95% CI: 1.52–2.04; p < 0.001)
of suffering from LN. In LN, we also documented anti-nucleosome (45.89% vs. 28.62%;
p < 0.001) and anti-histone antibodies (37.66% vs. 22.1%; p < 0.001) more frequently. Detailed
information is shown in Table 5. Interestingly, in the presence of any of those three anti-
bodies (n = 553, 72.1%), juvenile-onset SLE, recurrent fever, concomitant antiphospholipid
antibodies, pleural effusion, lymphopenia, hemolytic anemia, proteinuria, leucocyturia,
erythrocyturia, and granular casts in the urine sediment were reported more frequently
(p < 0.05 for all).

Table 5. Laboratory findings in all included patients.

Laboratory Parameter (Number of Patients with Analyzed Parameter)
LN Patients

n = 331

Non-LN
Patients
n = 590

p-Value

Rheumatoid factor, n (%) 33 (20.89%) 130 (38.01%) <0.001 *

ANA—IIF assay, n (%) 331 (100%) 590 (100%)

Anti-SSA antibodies 1, n (%) 156 (49.37%) 364 (65.94%) <0.001 *

Anti-SSB antibodies 1, n (%) 72 (22.78%) 181 (32.79%) 0.002 *

Anti-histone antibodies 1, n (%) 119 (37.66%) 122 (22.1%) <0.001 *

Anti-nucleosome antibodies 1, n (%) 145 (45.89%) 158 (28.62%) <0.001 *

Anti-Smith antibodies 1, n (%) 41 (13.08%) 71 (12.89%) 0.97

Anti-RNP antibodies 1, n (%) 77 (24.44%) 114 (20.69%) 0.23

Anti-dsDNA antibodies 1, n (%) 163 (51.58%) 174 (31.75%) <0.001 *

Anti-dsDNA antibodies 2, n (%) 266 (84.44%) 323 (62.48%) <0.001 *

Anti-PR3 antibodies 3, n (%) 5 (6.49%) 2 (2.99%) 0.56

Anti-MPO antibodies 3, n (%) 9 (11.11%) 5 (7.14%) 0.58

Antiphospholipid antibodies

Lupus anticoagulant, n (%) 64 (25.60%) 128 (30.62%) 0.19

Anti-cardiolipin antibodies IgG or IgM, n (%) 150 (55.56%) 270 (56.84%) 0.83
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Table 5. Cont.

Laboratory Parameter (Number of Patients with Analyzed Parameter)
LN Patients

n = 331

Non-LN
Patients
n = 590

p-Value

Anti-cardiolipin antibodies IgG, n (%) 120 (44.78%) 187 (40.30%) 0.27

Anti-cardiolipin antibodies IgM, n (%) 91 (34.08%) 195 (42.12%) 0.039 *

Anti-β2 glycoprotein I IgG or IgM, n (%) 46 (20.91%) 110 (29.1%) 0.035 *

Anti-β2 glycoprotein I IgG, n (%) 29 (13.62%) 66 (17.84%) 0.22

Anti-β2 glycoprotein I IgM, n (%) 27 (12.68%) 80 (21.68%) 0.009 *

Categorical variables are presented as numbers with percentages, and an asterisk marks the statistically
significant differences. 1—Immunoblotting assay; 2—CLIFT (the Crithidia luciliae immunofluorescence test);
3—ELISA (Enzyme-Linked Immunosorbent Assay). Abbreviations: ANA—anti-nuclear antibodies,
dsDNA—double stranded DNA, IIF—indirect immunofluorescence, MPO—myeloperoxidase, PR3—proteinase 3,
RNP—ribonucleoprotein, LN—lupus nephritis, n—number.

Furthermore, as expected, the presence of anti-dsDNA antibodies in the whole cohort
was associated with a higher number of renal exacerbations, as well as with an increased
mortality rate (p = 0.043), atrial fibrillation (p = 0.011), malignancy (p = 0.039), and other
SLE manifestations (myalgia, vasculitis, photosensitivity, and Raynaud’s phenomenon;
p < 0.05 for all). On the other hand, anti-nucleosome antibodies in LN were associated with
myocardial infarct (p = 0.013), as well as lymphadenopathy, arthritis, pericardial effusion,
leucopenia, and central system nervous involvement (p < 0.05 for all). In turn, anti-histone
antibodies were linked to oral and/or nasal ulcers and arthritis, arthralgia, pericardial
effusion, leucopenia, and central system nervous involvement (p < 0.05 for all). Surprisingly,
neither SLE subgroup differed in the frequency of anti-Sm antibody presence. On the other
hand, anti-SSA and anti-SSB antibodies were observed more often in non-LN than in LN
patients (65.94% vs. 49.37% for anti-SSA antibodies, p < 0.001; and 32.79% vs. 22.78% for
anti-SSB antibodies, p = 0.002). No differences were observed in ABO blood groups and Rh
blood types between both LN groups.

3.6. Antiphospholipid Antibodies and Arterial Thrombotic Episodes Were Reported More
Frequently in the Non-Lupus Nephritis Group

Regarding antiphospholipid antibodies, there was a greater prevalence of anti-CL
antibodies in the IgM class among non-LN individuals compared to those with LN (42.12%
vs. 34.08%; p = 0.039). Furthermore, our findings indicate a 1.24-fold increase (95% CI:
1.03–1.50; p = 0.021) in the OR of positive aCL antibodies in the IgM class among non-LN
patients as opposed to those with LN. Additionally, LN exhibited a lower incidence of
arterial thrombotic episodes compared to non-LN cases (30.21% vs. 37.12%; p = 0.041).
Notably, in LN patients, we observed a 0.85-fold decrease (95% CI: 0.74–0.98; p = 0.026) in
the OR of arterial thrombotic episodes, with no significant difference in venous thrombotic
episodes between the two groups. In contrast, individuals with the presence of aCL in
the IgM class showed a higher OR for strokes (1.96-fold; 95% CI: 1.03–3.76; p = 0.032) and
DVT (1.79-fold; 95% CI: 1.09–2.95; p = 0.016) within the non-LN group. For more details,
see Tables 4 and 5. We found no differences in antithrombin and protein C activity, free
protein S level, level and activity of factor VIII, frequency of factor V Leiden and G20210A
prothrombin gene variants between LN and non-LN patients.

3.7. Lupus Nephritis Is Related to a More Aggressive Immunosuppressive Treatment

The administration of immunosuppressive therapy in SLE patients is detailed in
Table 6. In both SLE subgroups, corticosteroids were the most commonly used (99.39% of
LN patients and 94.06% of non-LN patients). Additionally, in LN patients, chloroquine or
hydroxychloroquine (99.39%), mycophenolate mofetil (65.22%), and cyclophosphamide
(64.51%) were more commonly used, whereas in non-LN chloroquine or hydroxychloro-
quine (82.88%), azathioprine (33.45%) and methotrexate (22.54%). Obviously, more aggres-

306



J. Clin. Med. 2024, 13, 4486

sive treatment modes, including mycophenolate mofetil, cyclophosphamide, rituximab, im-
munoglobulins, or plasmapheresis, have been reported in LN than in non-LN individuals.

Table 6. Treatment received by all enrolled patients.

Treatment
LN Patients

n = 331
Non-LN Patients

n = 590
p-Value

Glucocorticoids oral and/or intravenous, n (%) 327 (99.39%) 554 (94.06%) <0.001 *

Chloroquine or hydroxychloroquine, n (%) 328 (99.39%) 489 (82.88%) 0.06

Azathioprine, n (%) 166 (51.08%) 197 (33.45%) <0.001 *

Methotrexate, n (%) 56 (17.39%) 133 (22.54%) 0.06

Cyclosporine, n (%) 38 (11.73%) 39 (6.62%) 0.036 *

Belimumab, n (%) 19 (5.92%) 21 (3.57%) 0.09

Mycophenolate mofetil, n (%) 210 (65.22%) 90 (15.28%) <0.001 *

Cyclophosphamide, n (%) 209 (64.51%) 72 (12.22%) <0.001 *

Rituximab, n (%) 21 (6.54%) 8 (1.36%) <0.001 *

Immunoglobulins, n (%) 17 (5.28%) 11 (1.87%) 0.010 *

Plasmapheresis, n (%) 27 (8.41%) 4 (0.68%) <0.001 *

Sulfasalazine, n (%) 12 (3.73%) 36 (6.11%) 0.13

Anifrolumab, n (%) 4 (1.24%) 6 (1.02%) 0.35

Splenectomy, n (%) 1 (0.31%) 4 (0.68%) 0.80

Categorical variables are presented as numbers with percentages, and an asterisk marks the statistically significant
differences. Abbreviations: LN—lupus nephritis, n—number.

3.8. Cluster Analysis

Next, we performed cluster analysis in both studied SLE subgroups (Tables 7 and 8).
In LN (Table 7), we revealed three different clusters: cluster 1 (n = 23) comprised patients
with ESKD (LN patients with ESKD), cluster 2 (n = 203) consisted of patients without ESKD
and with a time of less than one year from the first SLE symptoms to the SLE diagnosis (LN
patients with early-onset SLE without ESKD), and cluster 3 (n = 104) consisted of patients
without ESKD but with a time of at least one year from the first SLE symptoms to the SLE
diagnosis (LN patients with late-onset SLE without ESKD). Compared with the remaining
ones, cluster 1 was characterized by a higher frequency of pleural effusion, skin changes
diagnosed as erythema, livedo racemosa, livedo reticularis, a higher frequency of class VI
glomerulonephritis according to the ISN/RPS classification system in renal biopsy, and
a higher rate of mortality. Patients in cluster 1 were also administered immunoglobulins
and plasmapheresis more often. Moreover, cases in cluster 1 vs. cluster 2 more often had
hemolytic anemia and thrombocytopenia, while women more frequently had miscarriages.
Interestingly, patients in cluster 3 vs. clusters 1 and 2 were younger at the time of SLE
diagnosis and suffered from arthritis more often. Clusters were comparable according to
age and other internal comorbidities, autoantibody profile, and thrombotic episodes.

In the non-LN group (Table 8), we indicated two different clusters based on the time
delay from the first SLE symptoms to the diagnosis. Cluster 4 had patients with less than
one year from the first symptoms to diagnosis (non-LN patients with early-onset SLE) and
cluster 5 had patients with one year or more (non-LN patients with late-onset SLE). The
first one included 288 patients, whereas the second had 290 cases. Patients in cluster 4 were
older at the time of SLE diagnosis and presented with a longer duration of the disease.
Regarding clinics, both clusters were similar, except for a higher frequency of malar rash
and a lower frequency of hemolytic anemia documented in those from cluster 5. They were
also administered azathioprine more often.
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Table 7. Three clusters among lupus nephritis patients based on the time from the first systemic lupus
erythematosus symptoms to the disease diagnosis and the presence of end stage kidney disease.

Features

Cluster 1
LN Patients with

ESKD
n = 23

Cluster 2
LN Patients with
Early-Onset SLE
without ESKD

n = 203

Cluster 3
LN Patients with
Late-Onset SLE
without ESKD

n = 104

p-Value

Juvenile onset (age of onset < 18 years), n (%) 17 (73.91%) 172 (84.31%) # 97 (95.10%) * 0.003

Other skin changes 1, n (%) 8 (34.78%) 125 (61.88%) * 73 (70.19%) ** 0.007

Pleural effusion, n (%) 12 (52.17%) 55 (27.23%) * 23 (22.33%) ** 0.002

Arthritis, n (%) 10 (43.48%) 112 (56.57%) # 72 (69.23%) * 0.003

Hemolytic anemia 2, n (%) 7 (70.00%) 24 (29.27%) * 11 (23.91%) 0.020

Thrombocytopenia 3, n (%) 14 (60.87%) 55 (27.92%) **,# 41 (40.20%) 0.002

Miscarriages, n (%) 5 (26.32%) 13 (8.67%) * 14 (18.18%) 0.030

LN class VI 4, n (%) 3 (27.27%) 1 (0.88%) ** 1 (1.72%) * 0.020

Death, n (%) 6 (37.5%) 8 (4.12%) ** 2 (2.15%) ** <0.001

Plasmapheresis, n (%) 8 (34.78%) 14 (7.18%) ** 5 (4.85%) ** 0.004

Categorical variables are presented as numbers with percentages. *—p < 0.05 in comparison with cluster 1;
**—p < 0.01 in comparison with cluster 1; #—p < 0.05 in comparison with cluster 3; 1—erythema, livedo racemosa,
livedo reticularis; 2—anemia with a positive direct Coombs test, anemia with a decreased level of haptoglobin, or
a diagnosis based on medical history; 3—<100,000/mm3 or diagnosis based on medical history; 4—according to
the International Society of Nephrology/Renal Pathology Society criteria. In two (0.6%) LN cases, the time of
first kidney manifestation in the SLE course was unknown. Abbreviations: ESKD—end-stage kidney disease,
LN—lupus nephritis, n—number, SLE—systemic lupus erythematosus.

Table 8. Two clusters among non-lupus nephritis patients based on the time from the first systemic
lupus erythematosus symptoms to the SLE diagnosis.

Features

Cluster 4
Non-LN Patients

with Early-Onset SLE
n = 288

Cluster 5
Non-LN Patients

with Late-Onset SLE
n = 290

p-Value

Juvenile onset (age of onset < 18 years), n (%) 259 (89.93%) 283 (97.59%) <0.001

Lupus malar rash, n (%) 155 (53.82%) 126 (43.60%) 0.016

Direct Coombs test, n (%) 12 (29.27%) 19 (55.88%) <0.001

Diabetes mellitus, n (%) 36 (12.50%) 18 (6.21%) <0.001

Azathioprine, n (%) 114 (39.58%) 82 (28.28%) 0.004

Categorical variables are presented as numbers with percentages. In two (0.6%) LN cases, the time of first kidney
manifestation in the SLE course was unknown. Abbreviations: LN—lupus nephritis, n—number, SLE—systemic
lupus erythematosus.

3.9. Multiple Lupus Nephritis Exacerbations Are Related to the Distinct Clinical Picture

In the entire LN group, we documented renal flares in 191 (57.7%) patients, with one
renal exacerbation in 58 (17.52%) cases, two renal exacerbations in 44 (14.06%) patients, and
at least three renal exacerbations in 19 (5.74%) cases. The exact number of renal flares was
unknown in 19 LN patients (5.74%).

Notably, LN patients with at least three renal flares exhibited distinct clinical character-
istics. They were more frequently women (92.06% vs. 80.32%; p = 0.026), 5 years younger at
the onset of SLE (medians: 25 vs. 30 years; p = 0.015), and 12 years younger at LN diagnosis
(medians: 27 vs. 39 years; p < 0.001). Surprisingly, however, in those with multiple kidney
exacerbations, LN was diagnosed less frequently during SLE onset (49.21% vs. 65.46%;
p = 0.02). Furthermore, these patients reported more frequent myalgia (53.23% vs. 34.44%;
p = 0.006), arthritis (72.13% vs. 56.22%; p = 0.021), nephrotic proteinuria (85.25% vs. 52.24%;
p < 0.001), pathological urinary casts in the urine sediment (78.43% vs. 56.55%; p = 0.001),
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and end-stage kidney disease (ESKD) (14.52% vs. 5.22%; p = 0.006) in their medical history.
Conversely, lymphopenia was the only manifestation found less frequently in those LN
patients (6.67% vs. 21.1%; p = 0.01).

Additionally, the LN groups were similar in other SLE manifestations (p > 0.05 for all).
Treatment modalities more frequently used in LN patients with at least three renal flares
included azathioprine (69.84% vs. 46.75%; p = 0.001), cyclosporine A (25.4% vs. 7.76%;
p < 0.001), mycophenolate mofetil (82.54% vs. 62.04%; p = 0.003), cyclophosphamide (95.24%
vs. 57.32%; p < 0.001), and rituximab (17.74% vs. 4.08%; p < 0.001); however, there were
no differences between groups in treatment with corticosteroids, chloroquine or hydrox-
ychloroquine, methotrexate, belimumab, immunoglobulins, sulfasalazine, anifrolumab,
plasmapheresis, and splenectomy (p > 0.05 for all). Additionally, both groups differed in
autoantibody profile and kidney biopsy results. Those with multiple renal flares exhibited
a higher frequency of anti-nucleosome (58.06% vs. 42.02%; p = 0.023) and anti-dsDNA
antibodies (93.33% vs. 81.59%; p = 0.022), were class VI more frequently (6.38% vs. 1.55%;
p = 0.012), and were class II less frequently (21.71% vs. 6.38%; p = 0.004) in histological in-
vestigations. In other ANA types identified by an immunoblot assay test and a histological
renal biopsy, patterns were similar (p > 0.05 for all).

4. Discussion

In this study, we provide significant insights into the demographic, clinical, and
laboratory profiles within a cohort comprising both LN and non-LN patients. Our findings
revealed significant differences between LN and non-LN patients in several clinically
relevant features. These distinctions could serve as valuable prognostic indicators for
predicting which SLE patients might be at an increased risk of developing LN in the future.
LN patients were younger at the time of SLE diagnosis. Obviously, women constituted
the majority of cases in both SLE groups, but the percentage of men in the LN group was
slightly higher. In LN, we also documented concomitant mucocutaneous manifestations,
joint involvement, serositis, hematological abnormalities, and neurological involvement
more frequently, along with hypertension and hypercholesterolemia as concomitant internal
diseases. Patients with LN had a higher prevalence of anti-dsDNA, anti-histone, and
anti-nucleosome antibodies. Conversely, aCL and anti-β2GPI in both IgM classes and
thrombotic episodes (strokes and deep venous thrombosis) were reported more frequently
in the non-LN group, similarly to the presence of anti-SSA and anti-SSB antibodies. In
both SLE subgroups, corticosteroids were the most common therapy regimen, although
as expected, LN patients were more frequently treated with immunosuppressants such as
azathioprine, mycophenolate mofetil, cyclophosphamide, and rituximab.

In general, renal involvement appeared in about one-third of our SLE cohort. This
frequency is similar to another report in a prospective multi-ethnic/racial SLE inception
cohort, where LN occurred in 38.3% of SLE patients [14]. Furthermore, Jourde-Chiche
et al. [27] highlighted the risk factors for LN relapses, encompassing antiphospholipid
syndrome, higher baseline proteinuria, low C3 complement, higher Systemic Lupus Erythe-
matosus Diseases Activity Index (SLEDAI) at inclusion, lower eGFR, lower serum albumin,
lower hemoglobin levels, and lower leucocyte, lymphocyte, and eosinophil counts. In
addition, Rovin et al. [15] have suggested that a decrease in complement levels and an
elevation in anti-dsDNA antibodies are associated with a high likelihood of subsequent
clinical LN relapse. Our findings are only partially consistent with theirs, because in ad-
dition to proteinuria, urinary protein excretion of more than 3.5 g/day, and a presence
of anti-dsDNA antibodies, other significant risk factors for LN flares included female
sex, younger age at LN or SLE onset, LN occurring later than SLE onset, the presence
of anti-nucleosome antibodies, and several SLE manifestations such as myalgia, arthritis,
and pathological urinary casts in the urine sediment. On the contrary, in our cohort, we
observed that lymphopenia was associated with a lower number of renal flares. Next, we
noticed a higher presence of juvenile-onset SLE in the LN group, which also stays in line
with the report by Font et al. [28]. Furthermore, the shortened delay between symptom
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onset and SLE diagnosis in LN further underscores the urgency of promptly identifying
and addressing renal involvement. Another reported risk factor for the development of LN
is male sex [29], which is consistent with our findings.

The LN group was characterized by more severe clinical manifestations in our study.
These patients often had general symptoms, including fever and fatigue/weakness, but
also had life-threatening complications more frequently, such as serositis with pleural and
pericardial effusion. Furthermore, these patients also had diffuse alveolar hemorrhage and
central nervous system involvement more frequently, which interestingly were associated
with specific antibody types such as anti-nucleosome or anti-histone. Neuropsychiatric
SLE is a serious SLE complication [30,31]; thus, potential factors are needed to predict
its development. For example, a study by Su et al. [32] specified that positive anti-SSA
antibodies were related to peripheral neuropathy among LN patients and suggested their
usefulness as a biomarker of this disease. We did not find this association, which may
have a genetic or racial relationship. Next, the LN group had hematological manifestations
such as lymphopenia, anemia, and hemolytic anemia more often. That observation also
did not mirror those published by Hanly et al. [14] in a study with a large SLE cohort.
Regardless of some discretions, the conditions listed above in our patients led to a worse
clinical prognosis [33].

On the contrary, non-LN patients were characterized by a higher presence of muco-
cutaneous manifestations, photosensitivity, and Raynaud’s phenomenon with a higher
prevalence of joint involvement. These observations are in line with the current litera-
ture [14]. Nevertheless, the symptoms listed above were also perceived as common disease
flares in ESKD SLE patients [34], similar to Raynaud’s phenomenon. These may be a strong
predictor for a poor long-term outcome in LN patients, according to a report published by
Yadav et al. [35], and may therefore be linked to a worse clinical prognosis of SLE.

In turn, we did not observe any differences regarding the occurrence of several autoim-
mune diseases in the family history of LN and non-LN patients, but psoriasis, rheumatoid
arthritis, and SLE were diagnosed most frequently in LN patients. This observation is
novel, since it has previously been shown that only SLE presence in family members was a
risk factor for autoimmune disorders [36].

In our dataset, we observed a higher prevalence of arterial hypertension and hyperc-
holesterolemia in LN, which were associated with an increased mortality rate and ESKD in
LN [37]; however, we found no significant differences in diabetes mellitus, heart failure,
atrial fibrillation, malignant tumors, peripheral artery disease, myocardial infarct, ischemic
stroke, and venous thromboembolism between the analyzed LN and non-LN patients.
Thus, one might speculate that the presence of SLE itself, regardless of renal involvement,
is a risk factor for those comorbidities [38–41].

The standardized mortality ratios in SLE cohorts are up to 5.3 times higher than
those in age-matched healthy controls [42]. The mortality rate in our study remains
comparable between LN and non-LN groups. Infections, SLE exacerbations, and emerging
malignancies were the primary cause of death, consistent with the findings presented
by Kandane-Rathnayake et al. [43]. These comparable mortality rates underscore the
persistent need for effective management of SLE flares but also the prevention of infections
whenever possible (utilizing antibiotic therapy when necessary and vaccinations) and
regular oncological screenings independent from kidney involvement. Next, based on
the literature, some prognostic factors are associated with higher mortality rates in SLE.
They include male sex, age of at least 50 at SLE diagnosis, renal and lung involvement,
thrombocytopenia, SLEDAI of at least 20 points, hypertension, ischemic heart disease,
antiphospholipid syndrome (APS), and thrombotic episodes [44–46]. Our results align
with those presented by other authors; however, other comorbidities such as diabetes
mellitus, heart failure, hypercholesterolemia, atrial fibrillation, and malignancy were also
associated with a higher mortality rate. Additionally, thrombocytopenia as a hematological
manifestation was linked to a poor prognosis in our study, as well as hemolytic anemia of
any case, including macrophage activation syndrome. What is noteworthy is that, apart
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from renal and lung involvements, arthritis, serositis, and general symptoms were also
associated with a higher risk of death. Our data suggest that patients with SLE should
undergo regular monitoring and, if necessary, immunosuppressive treatment to prevent
the occurrence of serious SLE manifestations. Furthermore, an interdisciplinary approach
and oncological screenings are essential in managing this group of patients.

As anticipated, LN patients exhibited a distinct pattern of autoantibody types with
anti-nucleosome, anti-histone, and anti-dsDNA antibodies as the most important. Based
on the literature, their association with LN is still not fully elucidated, however [47,48].
Interestingly, a study by Choi et al. [49] revealed that patients with simultaneous positivity
in all of the above antibodies had higher disease activity with more advanced histopatho-
logical changes in renal biopsies, as well as a more rapid decline in renal function. We
did not observe that association; however, the IV class according to ISN/RPS was the
most prevalent among the 83 patients who exhibited them all, which was identified in
29 (34.94%) cases. Furthermore, anti-dsDNA antibodies were not only a predictor of LN
development [29] but also poor prognosis in LN [50]. This is consistent with our results,
since the presence of anti-dsDNA antibodies was linked to an increased LN exacerbation
rate, malignancy, and a higher death risk. Additionally, we noted an increased incidence
of anti-nucleosome antibodies in patients who experienced a myocardial infarct, which
is a new finding. Interestingly, in contrast to many studies, we did not observe a higher
prevalence of anti-Sm antibodies in LN cases. This may be related to the race specification,
since anti-Sm antibodies are more frequently documented in African Americans, at least
in some reports [51,52]. On the other hand, we observed a higher presence of rheumatoid
factor and anti-SSA with anti-SSB antibodies in the non-LN group, suggesting a decreased
association with LN.

The subsequent important finding of our study is the association between aCL antibod-
ies and thrombotic episodes in non-LN subjects. The existing literature indicates that the
presence of any type of antiphospholipid antibodies (aPLAs) in LN is linked to an unfavor-
able long-term prognosis and reduced renal survival attributed to thrombotic events [53];
however, it is necessary to note that SLE itself also increases the risk of arterial throm-
boembolism [54]. Moreover, according to a recent meta-analysis conducted by Domingues
et al. [55], the presence of antiphospholipid antibodies in SLE is associated with a three-
to five-fold increased risk of specific microvascular renal lesions; however, data from the
previous literature did not report an association between antiphospholipid antibodies and
LN [56,57], similar to us. All thromboembolic events occurred with a comparable incidence
in both SLE groups, except for those with non-LN and the presence of aCL in the IgM class,
as compared to the remaining in the same subgroup. This observation is unexpected, since
the presence of LN is a strong predictor of thrombotic events, especially venous ones [58].

The detailed data on immunosuppressive therapy showed distinct patterns in med-
ication usage between LN and non-LN cases. More than 99% of LN patients were on
corticosteroids orally/intravenously, which are a flagship example of drugs used in SLE
patients with affected kidneys [59]. Next, more aggressive treatment modalities, including
azathioprine, cyclosporine, mycophenolate mofetil, cyclophosphamide, rituximab, im-
munoglobulins, and plasmapheresis were more commonly used in LN. Nevertheless, the
efficacy of immunosuppressive agent-induction therapy for lupus nephritis is still being
investigated [60].

Importantly, given the complexity of SLE, it is worth pointing out the role of genetic
and environmental factors in the development and progression of LN. Genetic predispo-
sitions, such as specific HLA alleles and polymorphisms in immune-related genes, can
increase the susceptibility to LN [61]. For example, genetic variants in genes expressed
in the kidney (including TNFRSF1B, KLK1, KLK3, ACE, AGT, and APOL1) may result in
increased susceptibility to kidney injury and, as a result, in progression to lupus nephri-
tis [62]. Environmental factors, including infections, medications, and exposure to UV
light, can trigger disease onset and exacerbate flares in genetically predisposed SLE/LN
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individuals [63–65]. Understanding the interplay between these genetic and environmental
factors can help identify at-risk patients and develop personalized treatment strategies.

The final issue that is worth discussing is the cluster analysis based on the presence
of ESKD in LN patients and the time delay from the first symptoms to SLE diagnosis in
non-LN patients, which showed intriguing subgroup analyses in both LN and non-LN
patients, delineating variations in clinical presentation, outcomes, and treatment responses.
The groups are heterogeneous, but there are specific patterns in their clinical characteristics.
Therefore, it may be possible to anticipate the course of the disease based on given features,
i.e., the occurrence of certain additional complications; thus, it may help in optimizing
therapy accordingly.

Our study has some limitations. Firstly, the study’s retrospective nature may introduce
inherent biases in data collection and patient selection. Next, the study has a single-center
design that may limit the generalizability of the results to a larger population. We did not
collect patient-reported outcomes, such as quality-of-life questionnaires, which might best
assess the patient’s well-being, including the impact of disease and treatment mode. Also,
we did not analyze other imaging and laboratory test results, such as echocardiography.
Finally, some of the presented relationships may be incidental and not represent a cause-and-
effect relationship. Therefore, while our study provides valuable insights, these limitations
highlight the need for cautious interpretation of the results.

5. Conclusions

In conclusion, the present study significantly contributes to the understanding of SLE
and LN by revealing distinct demographic, clinical and laboratory features in affected indi-
viduals. Indeed, LN patients were younger at first symptoms and at disease onset but were
also more often characterized by the presence of mucocutaneous, joint, and hematological
manifestations and suffered more often from internal comorbidities such as hypertension,
hypercholesterolemia, and end-stage kidney disease. Next, this group presented a more
frequent occurrence of autoantibodies with a higher usage of immunosuppressive treat-
ment. Furthermore, ESKD patients were characterized by a less frequent juvenile onset
and a higher prevalence of skin changes and hematologic disturbances such as hemolytic
anemia and thrombocytopenia.

Early identification and tailored treatment of LN are crucial given their association
with more severe SLE manifestations and specific autoantibody profiles. Clinicians should
prioritize monitoring high-risk patients, particularly those in the abovementioned groups,
in terms of clinical and laboratory state, including autoantibody profile. Implementing
comprehensive patient monitoring practices also addressing internist comorbidities, such
as hypertension and hypercholesterolemia, can improve outcomes. Nevertheless, more
prospective studies with diverse cohorts would be beneficial in understanding the diversity
of LN and its progression in SLE patients.

Author Contributions: Conceptualization, J.K.-W., M.M., S.B.-S. and M.K.; methods, J.K.-W., R.D.,
S.B.-S. and M.K.; software, J.K.-W. and R.D.; validation, J.K.-W., R.D., S.B.-S. and M.K.; formal analysis,
J.K.-W., R.D. and L.Z.; investigation, J.K.-W., A.S.-K., M.S. and A.W.; resources, J.K.-W.; data curation,
J.K.-W., R.D. and L.Z.; writing—original draft preparation, J.K.-W. and R.D.; writing—review and
editing, A.S.-K., M.S., M.M., A.W., L.Z., S.B.-S. and M.K.; visualization, J.K.-W. and R.D.; supervision,
S.B.-S. and M.K.; project administration, J.K.-W. All authors have read and agreed to the published
version of the manuscript.

Funding: This work was supported by the Research Grant of Jagiellonian University Medical College
No. N41/DBS/000936 (to J.K.-W.).

Institutional Review Board Statement: The study was conducted in accordance with the guide-
lines of the Declaration of Helsinki and was approved by the Bioethical Committee of Jagiellonian
University (Kraków, Poland) (Approval No.: 118.6120.41.2023, on 15 June 2023).

Informed Consent Statement: Patient consent was waived due to a retrospective study design.

312



J. Clin. Med. 2024, 13, 4486

Data Availability Statement: The data presented in this study are available on reasonable request
from the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Durcan, L.; O’Dwyer, T.; Petri, M. Management Strategies and Future Directions for Systemic Lupus Erythematosus in Adults.
Lancet 2019, 393, 2332–2343. [CrossRef]

2. Kosalka, J.; Jakiela, B.; Musial, J. Changes of Memory B- and T-Cell Subsets in Lupus Nephritis Patients. Folia Histochem. Cytobiol.
2016, 54, 32–41. [CrossRef]

3. Jakiela, B.; Kosałka, J.; Plutecka, H.; Bazan-Socha, S.; Sanak, M.; Musiał, J. Facilitated Expansion of Th17 Cells in Lupus Nephritis
Patients. Clin. Exp. Immunol. 2018, 194, 283–294. [CrossRef]

4. Klein, A.; Polliack, A.; Gafter-Gvili, A. Systemic Lupus Erythematosus and Lymphoma: Incidence, Pathogenesis and Biology.
Leuk. Res. 2018, 75, 45–49. [CrossRef]

5. Ruiz-Irastorza, G.; Khamashta, M.A.; Castellino, G.; Hughes, G.R. Systemic Lupus Erythematosus. Lancet 2001, 357, 1027–1032.
[CrossRef]

6. Schur, P.H. Laboratory Testing for the Diagnosis, Evaluation, and Management of Systemic Lupus Erythematosus: Still More
Questions for the next Generations. Clin. Immunol. 2016, 172, 117–121. [CrossRef]

7. Battaglia, M.; Garrett-Sinha, L.A. Bacterial Infections in Lupus: Roles in Promoting Immune Activation and in Pathogenesis of the
Disease. J. Transl. Autoimmun. 2021, 4, 100078. [CrossRef]

8. Speyer, C.B.; Costenbader, K.H. Cigarette Smoking and the Pathogenesis of Systemic Lupus Erythematosus. Expert Rev. Clin.
Immunol. 2018, 14, 481–487. [CrossRef]

9. Anders, H.-J.; Saxena, R.; Zhao, M.; Parodis, I.; Salmon, J.E.; Mohan, C. Lupus Nephritis. Nat. Rev. Dis. Primers 2020, 6, 7.
[CrossRef] [PubMed]

10. Parodis, I.; Tamirou, F.; Houssiau, F.A. Prediction of Prognosis and Renal Outcome in Lupus Nephritis. Lupus Sci. Med. 2020, 7,
e000389. [CrossRef]

11. Saleh, M.; Eltoraby, E.E.; Tharwat, S.; Nassar, M.K. Clinical and Histopathological Features and Short-Term Outcomes of Lupus
Nephritis: A Prospective Study of 100 Egyptian Patients. Lupus 2020, 29, 993–1001. [CrossRef]

12. Parikh, S.V.; Almaani, S.; Brodsky, S.; Rovin, B.H. Update on Lupus Nephritis: Core Curriculum 2020. Am. J. Kidney Dis. 2020, 76,
265–281. [CrossRef]

13. Gasparotto, M.; Gatto, M.; Binda, V.; Doria, A.; Moroni, G. Lupus Nephritis: Clinical Presentations and Outcomes in the 21st
Century. Rheumatology 2020, 59, v39–v51. [CrossRef] [PubMed]

14. Hanly, J.G.; O’Keeffe, A.G.; Su, L.; Urowitz, M.B.; Romero-Diaz, J.; Gordon, C.; Bae, S.-C.; Bernatsky, S.; Clarke, A.E.; Wallace, D.J.;
et al. The Frequency and Outcome of Lupus Nephritis: Results from an International Inception Cohort Study. Rheumatology 2016,
55, 252–262. [CrossRef]

15. Rovin, B.H.; Caster, D.J.; Cattran, D.C.; Gibson, K.L.; Hogan, J.J.; Moeller, M.J.; Roccatello, D.; Cheung, M.; Wheeler, D.C.;
Winkelmayer, W.C.; et al. Management and Treatment of Glomerular Diseases (Part 2): Conclusions from a Kidney Disease:
Improving Global Outcomes (KDIGO) Controversies Conference. Kidney Int. 2019, 95, 281–295. [CrossRef]

16. Mahmoud, G.A.; Zayed, H.S.; Ghoniem, S.A. Renal Outcomes among Egyptian Lupus Nephritis Patients: A Retrospective
Analysis of 135 Cases from a Single Centre. Lupus 2015, 24, 331–338. [CrossRef]

17. Davidson, A.; Aranow, C.; Mackay, M. Lupus Nephritis: Challenges and Progress. Curr. Opin. Rheumatol. 2019, 31, 682–688.
[CrossRef] [PubMed]

18. Almaani, S.; Meara, A.; Rovin, B.H. Update on Lupus Nephritis. Clin. J. Am. Soc. Nephrol. 2017, 12, 825–835. [CrossRef]
19. Wermut, W.; Hebanowski, M.; Mlotowski, T.; Stolarczyk, J. Lupus nephritis in patients observed at the II Department of Internal
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Abstract: Background: Systemic lupus erythematosus (SLE) is an autoimmune disease characterized
by autoantibody production and diverse tissue and organ inflammatory affections. Interleukin 21
(IL-21) is implicated in B cell survival, proliferation, differentiation, class switching, and immunoglob-
ulin production; therefore, it is considered a key cytokine in the pathogenesis of SLE. However, its
association with disease activity and clinical phenotypes remains unclear. We aimed to evaluate the
association of IL-21 levels with the disease activity and clinical phenotypes in patients with SLE. Also,
we analyzed the IL21 polymorphisms associated with increased IL-21 levels. Methods: The IL-21
serum levels were determined using the enzyme-linked immunosorbent assay (ELISA) method. The
rs2221903 and rs2055979 polymorphisms were assessed in 300 healthy controls (HCs) and 300 patients
with SLE by the polymerase chain reaction–restriction fragment length polymorphism (PCR-RFLP)
technique. The levels of IL-21 were monitored during follow-up visits in 59 patients with SLE.
Results: The patients with SLE showed higher IL-21 levels compared to the HCs. The IL-21 levels
did not correlate with Mex-SLEDAI and were not different in patients with inactive, mild–moderate,
and severe disease. The IL-21 levels were increased in patients with hematological affection. The
ROC curve analysis revealed that the IL-21 levels had good predictive power in discriminating
among patients with SLE and HCs. In a follow-up analysis, the levels of IL-21 remained higher in the
patients with SLE even when the patients were in remission. Also, the rs2221903 polymorphism was
associated with increased IL-21 levels. Conclusions: This study highlights the importance of IL-21 as
a key cytokine in SLE. IL-21 levels are higher in patients with SLE and remain increased regardless
of disease activity. According to the ROC analysis, IL-21 is a potential biomarker of SLE. Further
longitudinal studies are needed to explore the relationship between IL-21 and the clinical phenotypes
of SLE.
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1. Introduction

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease characterized by
autoantibody production, immune complex formation, and inflammatory tissue damage [1].
In the SLE pathogenesis, diverse cytokines are involved in the onset, progression, and
exacerbation of the disease, including interferon-alpha (IFNα), tumor necrosis factor-alpha
(TNFα), interleukin (IL) 6, IL-10, IL-12, IL-17, IL-21, IL-27, and B cell-activating factor
(BAFF), among others [2–6], highlighting SLE as a complex multi-cytokine disease.

IL-21 is a pleiotropic cytokine produced by T follicular helper (Tfh) cells, circulating
Tfh (cTfh), T peripheral helper (Tph) cells, T helper 17 (Th17), T helper 9 (Th9) cells, and
Natural Killer T cells [7–10]. These cells can help B cells through IL-21 [9], promoting
B cell activation and differentiation, affinity maturation, class switching, and antibody
production [11–13]. It has been reported that IL-21 levels are increased in patients with
SLE compared to controls [4,14,15]. To our knowledge, lupus nephritis is the only clini-
cal phenotype associated with IL-21 levels [15]. However, studies show heterogeneous
results regarding the correlation between IL-21 levels and clinical variables in patients
with SLE [16,17]. In a previous study, we found that patients with SLE have increased fre-
quencies of IL-21+ cTfh and Tph cells, which are maintained independently of the disease
activity [18]. The crucial role of IL-21 in SLE development is underscored by its elevated
levels in affected patients compared to controls, and its persistence at high levels further
highlights its significance.

Among the factors associated with the disease, genetic factors, including single-
nucleotide polymorphisms (SNPs), have a special contribution. The SNPs rs2221903 (+3268
T>C) and rs2055979 (+1439 C>A), localized in the second intron of the IL21 gene, have been
associated with increased IL-21 levels [4,19]. Both polymorphisms have been associated
with autoimmune diseases, such as rheumatoid arthritis [20] and multiple sclerosis [21,22].
In the context of SLE, the rs2221903 and rs2055979 SNPs have been studied by several
research groups with discordant results [4,19,23].

This study aimed to evaluate the IL-21 levels in patients with SLE and compare them
with healthy controls, as well as to analyze their association with disease activity, clinical
phenotype, and IL21 polymorphisms (rs2221903 and rs2055979).

2. Materials and Methods

2.1. Subjects

This study included 600 subjects: 300 HCs (273 females and 27 males) and 300 patients
with SLE (283 females and 17 males). The patients with SLE were classified according
to the American College of Rheumatology’s 1997 revised criteria [24] and were recruited
through consecutive non-randomized selection methods in the rheumatology department
of the Hospital General de Occidente, Guadalajara, Mexico. The Mexican versions of
the Systemic Lupus Disease Activity Index (Mex-SLEDAI) [25] and the Systemic Lupus
International Collaborating Clinics (SLICC) damage index [26] scores were applied to
all patients with SLE at the moment of inclusion. The exclusion criteria were patients
with overlap syndromes, pregnancy, biological therapy, and current infection. Subjects
included as HCs were recruited through clinical assessments under protocols of blood
donation in a blood bank, excluding subjects with chronic diseases; also, all subjects
included were similar to the patients with SLE in age and gender, and they were all
unrelated individuals with no first-degree family suffering from some autoimmune disease.
All participants were Mexican mestizos from western Mexico [27]. The clinical activity
groups for the patients with SLE were stratified according to the Mex-SLEDAI score as
follows: inactive (0–1), mild–moderate (2–6), and severe (≥7) disease. Most patients were
undergoing pharmacological treatment; however, none were undergoing biological therapy.
In addition, a follow-up analysis was performed on 59 patients with SLE.

This study was approved by the Ethics and Research Committee from Hospital General
de Occidente (no. CEI-146/21 and no. CI-146/21). Before inclusion, all participants were
required to sign an informed consent form. The present study was carried out following the
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ethical standards and principles established in the Declaration of Helsinki and the research
committees from the participant institutions [28].

2.2. Quantification of IL-21 Serum Levels and Anti-dsDNA Antibodies

Serum was obtained from peripheral blood samples from patients with SLE and HCs
and stored at −20 ◦C until use. The IL-21 levels were determined in 278 patients with
SLE and 170 HC using an ELISA assay (ELISA MAX™ Deluxe Set Human IL-21: cat.
No 433804, BioLegend, CA, USA), performed following the manufacturer’s instructions.
The ELISA kit sensitivity is 16 pg/mL, and the detection limit range is 31.3–2000 pg/mL.
Samples were analyzed undiluted in duplicate and read at 450 and 570 nm using the
Multiskan™ Go Microplate Spectrophotometer (Thermo Fisher Scientific, Waltham, WA,
USA). The results of anti-double-stranded DNA (anti-dsDNA) antibody test were taken
from medical records. The anti-dsDNA antibody test was performed by Crithidia luciliae
indirect immunofluorescence method.

2.3. Genotyping of IL21 rs2221903 and rs2055979 Polymorphisms

Genomic DNA (gDNA) was purified from peripheral blood samples of patients with
SLE and HCs using the modified Miller’s technique [29]. The rs2221903 and rs2055979
polymorphisms were genotyped using the polymerase chain reaction–restriction frag-
ment length polymorphism (PCR-RFLP) technique. The amplification of the DNA frag-
ment containing the rs2221903 (+3268 T>C) polymorphism was performed using the
following primers: forward: 5′-TGGACACTGACGCCCATATTGA-3′ and reverse: 5′-AAG
GCAGTTTAGTGGCGACAGC-3′. For the rs2055979 (+1439 C>A) SNP, the following
primers were used: forward: 5′-CAG CCA GGA AAC TCT GGA AAG AA-3′ and reverse:
5′-GCTCTGAACCCAAACACTCTCATTT-3′ [4]. Both PCRs were carried out in a total vol-
ume of 25 μL containing the following: 1X PCR buffer, 4 mM MgCl2, 2.5 mM dNTPs, 2 μM
of each primer, 0.5 units of Taq DNA polymerase (Invitrogen Life Technologies, Carlsbad,
CA, USA), and 100 ng of gDNA. The PCR cycling conditions used were as follows: initial
denaturation cycle at 95 ◦C for 5 min, followed by 32 cycles of denaturation for 50 s at
95 ◦C, annealing for 30 s at 65 ◦C, extension for 30 s at 72 ◦C, and final extension for 5 min
at 72 ◦C.

The amplified 230 bp PCR product of the rs2221903 (+3268 T>C) polymorphism was
subjected to digestion with 3 IU of the MboII restriction enzyme (New England BioLabs®,
Ipswich, MA, USA) for 1 h at 37 ◦C. The resulting restriction fragments based on the
genotype were TT: 230 bp; TC: 230, 149, and 81 bp; and CC: 149 and 81 bp. As for the
rs2055979 (+1439 C>A) polymorphism, the 212 bp PCR product was digested using 5 IU of
NIaIII restriction enzyme (New England BioLabs®, Ipswich, MA, USA) for 1 h at 37 ◦C. In
this case, the restriction fragments and genotypes were CC: 158 and 54 bp; CA: 212, 158, and
54 bp; and AA: 212 bp. The digested PCR products were resolved in 6% polyacrylamide
gels and stained with AgNO3.

2.4. Statistical Analysis

The data were analyzed using software packages from IBM SPSS statistics v25 (IBM
Corporation; Armonk, NY, USA) and GraphPad Prism v10.2.3 (GraphPad Software Incor-
poration; La Jolla, CA, USA). The Kolmogorov–Smirnov test was used to assess variable
distribution. Categorical variables are presented as absolute values and percentages,
whereas continuous variables are presented as medians and 25th–75th percentiles. Accord-
ing to the case, the Kruskal–Wallis test, post hoc Dunn’s test, Mann–Whitney U test, and
Wilcoxon test were used to compare groups. The Receiver Operator Characteristic (ROC)
curve analysis was used to evaluate the IL-21 sensitivity and specificity in discriminating
between patients with SLE and controls. The Chi-square test was used to calculate the
Hardy–Weinberg equilibrium. Genotypic and allelic frequencies of IL21 polymorphisms
were determined by direct counting, and comparison was performed using the Chi-square
test or Fisher’s exact test. The Odds Ratios (ORs) and 95% confidence intervals (95% CI)
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were calculated to determine the risk of SLE associated with the IL21 SNPs. The haplotype
inference was calculated by the EM algorithm and the SHEsis software platform [30,31]. The
p-value was adjusted using Bonferroni correction when appropriate, and a p-value < 0.05
was considered with statistical significance.

3. Results

3.1. Subjects’ Demographic and Clinical Characteristics

The demographic and clinical characteristics of patients with SLE are summarized in
Table 1. The median ages were 35 [interquartile range (IQR) 25–48] years old for patients
with SLE and 29 (IQR 25–38) years old for HCs. The median of disease evolution was
4 (IQR 1.4–11) years for patients with SLE. Eighty-one percent of patients with SLE had
inactive or mild–moderate disease activity according to Mex-SLEDAI, with a median score
value of 2 (IQR 1–6); additionally, most patients had no damage with a median score of 0
(IQR 0–1) according to the SLICC damage index. Concerning treatment, prednisone was
prescribed in 68% with a median dosage of 10 (IQR 5–20) mg/day, followed by antimalarial
drugs (58.3%) and azathioprine (48%).

Table 1. Demographic and clinical characteristics in patients with SLE.

Variables SLE (n = 300)

Demographic features
Age, years; median (p25–p75) 35 (25–48)
Gender (F/M) 283/17

Disease features
Disease duration, years; median (p25–p75) 4 (1.4–11.0)

Mex-SLEDAI score; median (p25–p75) 2 (1–6)
Inactive, n (%) 123 (41.0)
Mild–moderate, n (%) 124 (41.3)
Severe, n (%) 53 (17.7)

SLICC score; median (p25–75) 0 (0–1)
Non-damage, n (%) 201 (67.0)
Damage, n (%) 99 (33.0)

Clinical domain
Hematologic †, n (%) 134 (44.7)
Mucocutaneous ‡, n (%) 102 (34.0)
Constitutional §, n (%) 76 (25.3)
Renal ¶, n (%) 66 (22.0)
Musculoskeletal ††, n (%) 51 (17.0)
Neuropsychiatric ‡‡, n (%) 19 (6.3)
Serosal §§, n (%) 12 (4.0)

Treatment
Prednisone, n (%) 204 (68.0)

rednisone dose; median (p25–p75) 10 (5.0–20.0)
Antimalarial, n (%) 175 (58.3)
Azathioprine, n (%) 144 (48.0)
Methotrexate, n (%) 55 (18.3)
Mycophenolate Mofetil, n (%) 28 (9.3)
Cyclophosphamide, n (%) 27 (9.0)

Autoantibodies
Antinuclear antibodies, n (%) 277/287 (96.5)
Anti-dsDNA, n (%) 180/268 (67.2)
Anti-RNP, n (%) 45/122 (36.9)
Anti-Ro, n (%) 40/123 (32.5)
Anti-Sm, n (%) 32/141 (22.7)
Anti-La, n (%) 17/128 (13.3)
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Table 1. Cont.

Variables SLE (n = 300)

Biochemical analysis
Glucose (mg/dL) 91 (39.0–383.0)
Serum creatinine (mg/dL) 0.9 (0.1–10.2)
Serum urea (mg/dL) 36.5 (1.5–2.7)

Blood cell count
Hemoglobin 12.6 (4.1–19.8)
Hematocrit 38.6 (8.3–58.1)
Leukocytes 5.7 (4.3–7.45)
Lymphocytes 1.3 (0.8–1.9)
Neutrophils 3.8 (2.6–5.2)
Platelets 243 (188–294)

ESR (mm/h) 33.0 (1.0–135.0)
The data are shown as the median and p25–p75; Mex-SLEDAI: inactive (score of 0–1), mild–moderate (score 2–6),
or severe (≥7); SLICC: non-damage (SLICC score of 0) or damage (SLICC score > 1); † hematologic: leukopenia,
lymphopenia, and thrombocytopenia; ‡ mucocutaneous: malar rash, alopecia, oral ulcers, and photosensitivity;
§ constitutional: fatigue; ¶ renal: persistent proteinuria (>0.5 g/day) and cellular casts; †† musculoskeletal:
articular involvement; ‡‡ neuropsychiatric: neurologic damage, psychosis, and convulsions; §§ serosal: Raynaud’s
phenomenon and serositis. SLE, Systemic Lupus Erythematosus; Mex-SLEDAI, Mexican version of the Systemic
Lupus Erythematosus Disease Activity Index; SLICC, Systemic Lupus International Collaborating Clinics; ESR,
Erythrocyte Sedimentation Rate.

3.2. Association of IL-21 Levels with Clinical Phenotype of Patients with SLE

The IL-21 levels were higher in patients with SLE [110.5 (IQR 92.7–136.5) pg/mL]
compared with the HCs [61.7 (IQR 37.4–91.6) pg/mL; p < 0.0001. Figure 1a)]. The IL-
21 levels were compared according to the clinical phenotype of patients with SLE. All
patients with SLE with inactive disease, mild–moderate disease activity, and severe disease
activity had higher IL-21 levels in comparison with the HCs [109.4 (IQR 92.7–91.6) pg/mL,
113.1 (IQR 91.6–137.0) pg/mL, and 105.7 (IQR 94.9–123.3) pg/mL vs. 61.7 (IQR 37.4–91.6)
pg/mL, respectively; p < 0.0001; Figure 1b]. However, according to the disease activity, no
significant differences were observed in the IL-21 levels between patients with SLE. When
the patients with SLE were stratified according to clinical domains, the patients with SLE
with hematological affection showed higher levels of IL-21 vs. no hematological affection
[116.7 (101.5–143.8) pg/mL vs. 105.7 (87.4–131.0) pg/mL; p = 0.0018; Figure 1c], and other
clinical domains did not show statistical difference (p > 0.05). Also, when the patients with
SLE were classified according to chronicity [chronicity (−) 113.1 (IQR 90.5–143.0) pg/mL vs.
chronicity (+) 108.9 (IQR 98.5–129.3) pg/mL; p = 0.8213; Figure 1d)] and anti-dsDNA status
[anti-dsDNA (−) 108.9 (IQR 95.5–130.3) pg/mL vs. anti-dsDNA (+) 114–1 (IQR 92.7–139.2)
pg/mL; p = 0.5209; Figure 1e], no statistical difference was found. On the other hand, the
IL-21 levels did not correlate with the Mex-SLEDAI score or anti-dsDNA concentration
(p > 0.05).

An ROC curve analysis was conducted to evaluate the ability of the IL-21 levels to
distinguish between patients with SLE and HCs. The AUC was 0.794, meaning this cytokine
showed good predictive power in discriminating between patients with SLE and controls
(p < 0.0001, Figure 1f).

Regarding treatment, the IL-21 cytokine levels in the patients with SLE showed no
significant difference between those receiving treatment and the untreated patients. The
concentration remained consistent at 121.3 (IQR 105.5–162.1) pg/mL for the untreated
patients and 115.1 (IQR 104.7–139.6) pg/mL for the treated patients (p = 0.4019, Figure 2a).
This finding was similar even in patients undergoing the induction treatment concerning
those in the maintenance phase [117.1 (IQR 96.6–145.9) vs. 115.1 (IQR 101.5–139.2) pg/mL,
respectively; p = 0.9831; Figure 2b].
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Figure 1. Evaluation of IL-21 levels according to clinical characteristics in patients with SLE. Com-
parison of IL-21 levels between HCs and patients with SLE (a), IL-21 levels according to disease
activity (b), hematological domain (c) and chronicity (d), IL-21 levels according to anti-dsDNA
status (e), and IL-21 performance as biomarker diagnosis in SLE (f). Patients with SLE were strat-
ified according to Mex-SLEDAI score as follows: inactive (0–1), mild–moderate (2–6), and severe
(≥7) disease. Hematological domain (Hem) included lymphopenia (<1.2 × 103/μL), leukopenia
(<4.0 × 103/μL), thrombocytopenia (<100 × 103/μL), and hemolytic anemia. Data are shown as
median and IQR. p-value was obtained through Mann–Whitney U test, Kruskal–Wallis test with
Dunn’s post hoc test, and Spearman’s correlation test, according to case. Area Under the Curve was
calculated through ROC curves. ns, no significative.

Finally, we analyzed the IL-21 levels in 59 patients with SLE during recruitment and
the follow-up visits. The patients were categorized according to whether they had remission
or active disease. Interestingly, the concentration of this cytokine remained similar in both
groups (as shown in Figure 2c; p > 0.05). Even when we compared the data between the
paired analyses, the IL-21 levels remained consistent regardless of whether the patients
were in remission or had active disease (Figure 2d,e; p > 0.05).
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Figure 2. Comparison of IL-21 levels in patients with SLE based on type of treatment. Patients with
SLE who were either treatment-naïve or treated showed similar concentrations of IL-21 (a) regardless
of whether they were undergoing induction or maintenance treatment (b). IL-21 level comparison
between patients with SLE at basal and follow-up recruitment stratified according to remission and
active disease (c). Paired comparison of IL2-1 in patients with SLE at baseline and follow-up (d),
as well as stratified by remission (e) and active (f) disease groups. Data are shown as median and
IQR. p-value was obtained through Mann–Whitney U test and Wilcoxon test according to case. ns,
no significative.

3.3. Genotype and Allele Frequencies of rs2221903 and rs2055979 Polymorphisms

The genotype and allele frequency distribution of the rs2221903 and rs2055979 poly-
morphisms in the patients with SLE and HCs are shown in Table 2. Both polymorphisms
were in Hardy–Weinberg equilibrium, with similar observed and expected frequencies in
the HCs (p > 0.05). There were significant differences in the genotype and allele frequencies
of the rs2221903 polymorphism between the patients with SLE and HCs, with a higher
proportion of the C allele observed in the SLE group. According to this, the C allele as well
as the TC and CC genotypes from the rs2221903 polymorphism were associated with a
higher risk of SLE (OR = 1.75, 95% CI, 1.17–2.61, and p = 0.005; OR = 1.58, 95% CI, 1.02–2.46,
and p = 0.039; and OR = 6.56, 95% CI, 1.07–75.60, and p = 0.046, respectively). In addition,
the dominant model from the rs2221903 polymorphism was associated with increased
SLE susceptibility (TT vs. TC+CC, OR = 1.71, 95% CI 1.11–2.62, p = 0.014). On the other
hand, the genotype and allele frequencies of the rs2055979 polymorphism observed in the
patients with SLE were not significantly different from those of the HCs.
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Table 2. Frequencies of genotypes, alleles, and haplotypes of IL21 gene polymorphisms.

HC n = 300 (%) SLE n = 300 (%) p-Value OR (95% CI) pc-Value

rs2221903 (+3268 T>C)
TT 258 (86.29) 236 (78.67) 1 - -
TC 40 (13.38) 58 (19.33) 0.039 1.58 (1.02–2.46) 0.078
CC 1 (0.33) 6 (2.00) 0.046 † 6.56 (1.07–75.60) 0.092
T 556 (92.98) 530 (88.33) 1 - -
C 42 (7.02) 70 (11.67) 0.005 1.75 (1.17–2.61) -

Dominant model
TT 258 (86.29) 236 (78.67) 1 - -

TC + CC 41 (13.71) 64 (21.33) 0.014 1.71 (1.11–2.62) -
Recessive model

TT + TC 298 (99.67) 294 (98.00) 1 - -
CC 1 (0.33) 6 (2.00) 0.058 † 0.16 (0.02–1.37) -

rs2055979 (+1439 C>A)
CC 90 (30.00) 87 (29.00) 1 - -
CA 153 (51.00) 154 (51.33) 0.830 1.04 (0.72–1.51) 1
AA 57 (19.00) 59 (19.67) 0.775 1.07 (0.67–1.71) 1
C 333 (55.50) 328 (54.67) 1 - -
A 267 (44.50) 272 (45.33) 0.772 1.03 (0.82–1.30) -

Dominant model
CC 90 (30.00) 87 (29.00) 1 - -

CA + AA 210 (70.00) 213 (71.00) 0.788 1.05 (0.74–1.49) -
Recessive model

CC + CA 243 (81.00) 241 (80.33) 1 - -
AA 57 (19.00) 59 (19.67) 0.836 0.96 (0.64–1.44) -

Haplotype ‡

TC 292.13 (48.68) 261.14 (43.50) 1 0.81 (0.64–1.02) -
TA 263.87 (43.98) 268.86 (44.81) 0.281 1.14 (0.90–1.44) 0.562
CC 39.87 (6.64) 66.86 (11.14) 0.004 1.87 (1.21–2.85) 0.008

‡ The haplotype analysis included the rs2221903 (+3268 T>C) and rs2055979 (+1439 C>A) polymorphisms of
the IL21 gene. All haplotypes with a frequency <0.03 were excluded from the analysis. Bonferroni correction
was applied to the p-values to control for multiple comparisons, and the results are shown as corrected p-values
(pc-value). The statistical tests used for the allelic and genotype frequencies included the Chi-square test and
† Fisher’s exact test according to the case. A p-value < 0.05 was considered statistically significant. The values in
bold indicate statistically significant results. Abbreviations: CI, confidence interval; HC, healthy control; OR, odds
ratio; SLE, systemic lupus erythematosus.

3.4. Haplotype Analysis

The rs2221903 and rs2055979 polymorphisms showed a strong linkage disequilibrium
(D’ = 0.88, r’ = 0.047, p = 0.01). As shown in Table 2, the CC haplotype was associated with
increased SLE susceptibility (OR = 1.87, 95% CI, 1.21–2.85, p = 0.004).

3.5. Association of rs2221903 and rs2055979 Polymorphisms with IL-21 Levels, SLICC Damage
Index, and Anti-dsDNA Antibodies

According to the rs2221903 polymorphism, SLE carriers of the CT genotype showed
higher IL-21 levels [120.7 pg/mL (IQR 99.8–166.9)] than carriers of the TT genotype
[107.8 ng/mL (91.6–130.5)] with a statistical difference (p = 0.0236, Figure 3a). This find-
ing was consistent when comparing the IL-21 levels through the dominant model [TT vs.
TC+CC, 107.8 pg/mL (IQR 91.6–130.5) vs. 118.2 pg/mL (IQR 101.5–167.6), p = 0.0041,
Figure 3b)]. In contrast, the IL-21 levels were similar when analyzed according to the
rs2055979 genotypes as well as for the rs2055979 and rs2221903 haplotypes (Figure S1).
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Figure 3. Comparison of IL-21 levels based on codominant and dominant models of rs2221903
polymorphism (+3268 T>C) in IL21 gene. IL-21 levels according to codominant model (a) and
dominant model (b) of rs2055979 polymorphism of IL21 gene. Data are shown as median and
IQR. p-value was obtained through Mann–Whitney U test and Kruskal–Wallis test with Dunn’s
post hoc test according to case. IQR, interquartile range; HCs, healthy controls; SLE, systemic
lupus erythematosus.

4. Discussion

SLE is an autoimmune disorder characterized by autoantibody production and mul-
tiorgan affection [1]. The SLE pathogenesis involves different factors; nevertheless, the
aberrant expression of different cytokines plays an important role in the disease’s onset,
establishment, and propagation [2–6]. IL-21 is an important cytokine produced by differ-
ent T cell subpopulations such as Tfh, cTfh, Tph, and Th17 cells. Experimentally, it has
been proven that IL-21 is necessary for B cell expansion, class switching, and plasma cell
development during lupus-like onset in animal models [32,33]. IL-21 in vitro stimulation,
along with costimulatory signaling, increases the proportion of memory and plasma B
cells [34]. Also, increased Tph cells and IL-21 have been associated with extrafollicular
B cell activation and auto-antibody production [35]. In patients with SLE, Tfh cells and
activated B cells were positively correlated with the IL-21 levels [16]. The blockade of
IL-21 reduces dsDNA autoantibodies and total IgG as well as immunoglobulin deposits in
mice [36]. IL-21 has been linked to lupus nephritis due to its role in enhancing antibody
production through T cell-dependent B cell stimulation [15,37]. The above highlights the
importance of IL-21 and underscores the relevance of monitoring its levels in patients with
SLE. This approach provides insights into how serum cytokines can be linked to the clinical
aspects of the patient.

Patients with SLE in this study showed increased IL-21 levels compared with the HCs
(110.5 pg/mL vs. 61.7 pg/mL, p < 0.0001). There were no significant correlations between
the levels of IL-21 and disease activity evaluated by the Mex-SLEDAI index, and inactive
patients showed similar IL-21 levels to those with mild–moderate and severe disease. The
correlation between IL-21 and disease activity is highly heterogeneous in the literature.
Some studies have identified a significant association between IL-21 and high disease
activity [15,16,38], whereas others found no significant relationship between IL-21 levels
and disease activity [14,17,39,40]. The inconsistent results regarding the IL-21 levels and
their association with disease activity may be attributed to the heterogeneity in the clinical
features of patients with SLE, including the disease evolution, level of disease activity, as
well as different stratifications of disease activity indices.

While the IL-21 levels are not definitively linked to disease activity, they have been
found to be higher in patients with SLE. This suggests that IL-21 may play a role in the
initial development and onset of SLE, impacting clinical symptoms at diagnosis and during
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periods of high disease activity. However, its expression appears to be unrelated to clinical
manifestations in long-term cases of established SLE.

It is important to evaluate the possible biomarkers in SLE according to clinical pheno-
type. Therefore, we analyzed IL-21 in the group of patients according to clinical phenotypes.
We found that patients with SLE with hematological involvement had higher IL-21 levels
than their counterparts. The main hematological affections in our patients were cytopenias.
Regarding this, it is possible that IL-2 deficiency, induced by lymphopenia, reduces the
expansion and maintenance of Tregs and therefore favors greater proliferation of effector T
cells and increasing IL-21 levels. IL-21, in turn, promotes the activity of effector T cells and
counteracts the suppression of Tregs, creating a positive feedback loop that exacerbates
immune dysregulation [41]. Previously, a single study associated IL-21 levels with lupus
nephritis [15]. Our study did not find differences between IL-21 levels and other clinical
domains, nor did it find differences in the damage index (chronicity). However, there were
only 19 patients with lupus nephritis included in this study; therefore, our results might
not be representative. The clinical phenotype is crucial for understanding biomarkers in
patients with SLE. Unfortunately, our study included a heterogeneous mix of clinical phe-
notypes, making it difficult to compare subcategories due to the small number of patients
in each group. Additionally, most reports in the literature do not specify the proportion of
clinical phenotypes, further complicating comparisons.

As mentioned before, IL-21 plays a crucial role in IL-21R-expressing B cells by facilitat-
ing the activation, class switching, and differentiation of B cells for antibody production.
In the context of SLE, it promotes the production of autoantibodies such as anti-dsDNA
among others [32,33]. The IL-21 levels were not different among patients with positive
anti-dsDNA antibodies versus those with negative anti-dsDNA antibodies. Similarly, other
groups that studied patients with SLE reported a lack of association of IL-21 levels and anti-
dsDNA antibodies [15,40]. In contrast, B cells from patients with SLE highly express the
IL-21 receptor and respond to IL-21 in vitro to produce higher antibody levels; moreover,
the IL-21 receptor correlates with anti-dsDNA antibodies [42]. Autoantibody production is
a complex process that involves cytokines and costimulatory molecules through follicular
and extrafollicular T cell and B cell interaction.

Another important cytokine for antibody production is BAFF, which is also correlated
with IL-21 levels in patients with SLE [15]. Therefore, even when IL-21 levels are not
correlated with antibody production, its function could be observed through the IL-21
receptor and other molecules involved in antibody production. It is possible that during
the onset of the disease, IL-21 is positively correlated with antibody production. According
to this hypothesis, in newly diagnosed Sjogren’s syndrome, the IL-21 levels correlate with
the total IgG levels [43]; this association could be due to different molecular pathogenesis
among different autoimmune diseases or, again, due to recently diagnosed Sjogren’s
syndrome compared to patients with long-term SLE. A limitation in our study is that
anti-dsDNA antibodies were qualitatively assessed; therefore, we cannot assure the lack of
association between anti-dsDNA antibodies and IL-21 levels. It would be of great interest
to quantitatively measure the anti-dsDNA antibodies and analyze other molecules and
cytokines involved in autoantibody production, such as IL-21R and BAFF.

In 59 patients with SLE, the IL-21 levels were measured in a follow-up visit. The
analysis showed that IL-21 is stable throughout time regardless of remission or active
disease. In the study by Reynolds et al., in patients with long-evolution SLE disease, the
IL-21 levels are stable in a follow-up quantification (around 5 months) [17]. The clinical
characteristics of the patients are similar between our patients and those in their report.
We previously found that IL-21-producing cTfh and Tph cells are higher in patients with
SLE compared to the controls and that there were no differences according to disease
activity [18]. Therefore, the expression of IL-21 seems to be constant in patients with long-
term SLE disease. We further analyzed whether the IL-21 levels could be different according
to the treatment of patients with SLE. The IL-21 levels did not show a statistical difference
between the treated and untreated patients. In an experimental SLE treatment model, it was
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found that glucocorticoid reduces IL-21 expression and Tfh cells [44]. Tfh cells from patients
with SLE reduce IL-21 production after glucocorticoid treatment in vitro [45]. Induction
therapy in patients with untreated lupus nephritis reduced the IL-21 levels [37]. Also, in
a cohort of patients with recently diagnosed myasthenia gravis, glucocorticoid treatment
reduced the IL-21 levels and IL21 mRNA in PBMC [46]. In patients with new-onset SLE, the
treatment reduced Tfh cells and IL-21 levels [16]. The scenarios described above include
new-onset cases of autoimmune diseases (both patients and experimental models) and
in vitro stimulation. These results align with our findings and reinforce the hypothesis that
there are differences in biomarkers according to disease evolution: new-onset or highly
active patients versus long-term established SLE. Specifically, new-onset patients exhibited
variable IL-21 levels based on treatment and disease activity, whereas patients with long-
term evolution maintained higher IL-21 levels. Unfortunately, other reports of IL-21 levels
do not compare treated and untreated patients, which would help support our findings.
Additionally, the treatment is taken as a whole given the heterogenous prescription of
patients. It would be of great interest to classify patients to compare types of treatments.
Further longitudinal studies that include IL-21+ T cell populations with new patients and
an extended follow-up are needed to understand IL-21’s role in the SLE pathogenesis and
determine its clinical utility as a biomarker.

Finally, we evaluated the association of the IL21 gene SNPs (rs2221903 and rs2055979)
and IL-21 levels in SLE. Our results show that the C allele of the rs2221903 polymorphism
is associated with SLE susceptibility in the Mexican population (OR = 1.75). Also, the
rs2221903 polymorphism was associated with higher IL-21 levels. To the best of our knowl-
edge, this is the first report that shows an association between the IL21 gene rs2221903
polymorphism with SLE susceptibility and increased IL-21 levels in the Mexican popu-
lation. The role of intronic SNPs is not well defined, but it is reported to be associated
with functional consequences as they may influence mRNA translation [47]. However,
other reports have failed to find an association between IL-21 levels and the rs2221903
polymorphism in patients with SLE [4,38]. On the other hand, the rs2055979 polymorphism
was not associated with IL-21 levels or disease clinical variables in SLE.

Previously, the rs2221903 polymorphism has been associated with an increased risk of SLE
in the Chinese, European American, African American, and Caucasian populations [19,23,48]
but not in other populations such as Hispanic, Gullah, and Egyptian, as well as in another
Chinese study [4,23,38]. Also, we did not find any association between the rs2055979
polymorphism and SLE, which is congruent with the findings of Sawalha et al. for Eu-
ropean American, African American, Hispanic American, and Gullah populations [23].
However, a study in the Chinese population found an association between polymorphisms
and SLE [4]. These discrepancies could be explained in part by the genetic ancestry of
the studied populations. The genetic ancestry of the Mexican population from western
Mexico is a mixture of European (64.6%), Native American (30.8%), and African (≈8%)
ancestries [49]. Also, the Mexican mestizo population has a small proportion of Asian
ancestry (1–1.4%) [49].

In addition, we found a strong linkage disequilibrium between the rs2221903 and
rs2055979 polymorphisms, which was similar to that previously reported in the Chinese
and Mexican populations [4,20]. The TC and TA haplotypes were the most frequent in
both the HCs and patients with SLE, whereas the CC haplotype was more frequent in the
SLE group. We found that the CC haplotype was associated with an increased risk for SLE
(OR = 1.87, 95% CI, 1.21–2.85, p = 0.004), which was also similar to the finding reported
by Ding et al. in a Chinese population [48]. A meta-analysis analyzed seven articles with
heterogeneous results and finally pointed out that the rs2221903 CC genotype is associated
with SLE risk [19]. Also, the A allele of rs2055979 was associated with SLE risk [4]; however,
in another study, this polymorphism was not associated with SLE risk [23]. Therefore, more
research is needed to conclude the association of these SNPs with SLE.

Our findings highlight the importance of IL-21 in the SLE pathogenesis; however,
further longitudinal studies are needed to define the role of IL-21 in patients with SLE
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according to the remission and exacerbation of the disease activity, considering the differ-
ent clinical phenotypes. Furthermore, it would be interesting to analyze the expression
of intracellular IL-21 in T cell subpopulations, including IL-21 expression in the affected
tissues, to elucidate IL-21’s molecular mechanisms that are directly involved in SLE. A
limitation of this study is that mRNA expression was not evaluated; therefore, we do not
know the relationship between gene expression and cytokine levels. The polymorphisms
rs2221903 and rs2055979 exhibit heterogeneous results across various reports regarding
their association with the disease, potentially due to ethnicity-specific outcomes or the pres-
ence of other polymorphisms in proximity that are yet to be discovered. According to our
study, in the Mexican mestizo population, the rs2221903 polymorphism is associated with
increased IL-21 levels and SLE susceptibility, while rs2055979 is not associated with these.

Further studies are still necessary to obtain a better understanding of IL-21’s role in
SLE, the expression throughout the disease evolution, the association of IL-21 levels with
clinical variables in SLE in longitudinal studies, and the action of its polymorphism to the
risk of SLE.

5. Conclusions

This study highlights the importance of IL-21 as a key cytokine in SLE. The IL-21
levels are higher in patients with SLE and remain increased regardless of disease activity.
The rs2221903 polymorphism of the IL21 gene is associated with higher IL-21 levels and
increased susceptibility to SLE in the Mexican population. According to the ROC analysis,
IL-21 is a potential biomarker of SLE. Further longitudinal studies are needed to explore
the relationship between IL-21 and the clinical phenotypes of SLE.
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Abstract: Background/Objectives: We aimed to determine the prevalence and clinical correlations of
mood disorders in a sample of systemic lupus erythematosus (SLE) patients. Hence, we hypothesized
that the prevalence of mood disorders would be lower than reported in the literature and that
patients would remain clinically stable and show less damage accrual despite low-dose corticosteroid
prescription. Methods: In total, 92 SLE outpatients gave informed consent to participate in this cross-
sectional study. Psychiatric and autoimmune clinical data were obtained, and a structured psychiatric
interview was performed. The main clinical scales for the assessment of clinical symptomatology
were included. To examine the potential relationships of presenting a mood disorder in SLE, clinical
correlations and multivariate analyses were performed. Results: Mood disorders were the most
prevalent disorder reported by SLE patients (16%), followed by adjustment disorders (5%). A
significant proportion of patients presented psychosocial disturbances that did not meet the ICD-10
criteria for psychiatric diagnosis. According to the cut-off criterion for the Montgomery–Åsberg
Depression Rating Scale (MADRS), up to 27% of the sample met the clinical criteria for depression. The
multivariate analysis revealed a relationship between the presence of a mood disorder with total scores
of the MADRS and the Young Mania Rating Scale (YMRS). Conclusions: The prevalence of mood
disorders in patients with SLE was lower than previously reported. Although self-report clinical scales
are useful for assessing clinical symptomatology, they should not be used in place of a comprehensive
standardized interview conducted by a trained mental health specialist. Multidisciplinary teamwork
is required for the early identification and therapeutic management of autoimmune patients with
neuropsychiatric disorders.

Keywords: mood disorders; depressive disorder; neuropsychiatric lupus; systemic lupus
erythematosus; autoimmune disorders

1. Introduction

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease with the poten-
tial to affect multiple organ systems. The etiology of SLE includes the interaction between
genetic and environmental components, resulting in immune dysregulation and the break-
down of self-tolerance [1]. Humoral immunity plays a major role in the pathogenesis of SLE,
with the production of a wide range of autoantibodies, some of them with a well-defined
pathogenic activity, such as anti-DNA in lupus nephritis, anti-Ro in neonatal lupus, and
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antiphospholipid in thrombotic events [1]. However, the disease is much more complex,
with the participation of cellular compartments of both the adaptive and innate immune
response, which results in a broad spectrum of clinical manifestations [1]. Female gender
strongly influences the pathogenesis, with a resultant female/male ratio of 10/1 [2]. The
course of lupus includes periods of remission and flares, leading to chronic inflamma-
tion [3,4], which, if not treated promptly and adequately, can cause irreversible organ
damage, thus reducing survival and the health-related quality of life [4–6].

SLE symptoms may also present with related neuropsychological disturbances. In-
deed, patients suffering from autoimmune diseases such as multiple sclerosis and rheuma-
toid arthritis, in addition to SLE, have reported a higher incidence of neuropsychiatric
disturbances, with prevalence rates ranging from 15% to 75% [7–10]. Nervous system
disturbances are frequently reported in SLE [1] and may affect both the central nervous
system (CNS) and the peripheral nervous system (PNS), resulting in a wide range of dif-
fuse neurologic and neuropsychiatric conditions (e.g., headache, acute confusional state,
seizures, psychosis, mood disorders, and cognitive dysfunction) [3].

While nervous system involvement in SLE remains one of the major causes of mor-
bidity and mortality [5], its etiology and pathogenesis remain unclear [11]. In other words,
SLE encompasses a wide spectrum of clinical features, among which physical and neu-
ropsychiatric symptoms, together with psychosocial disturbances, appear to stand out [12].
Aiming to identify the most prevalent neuropsychiatric disorders in SLE patients, in
1999, the American College of Rheumatology (ACR) proposed a classification criterion for
19 CNS and PNS syndromes, collectively referred to as Neuropsychiatric SLE (NPSLE) [13].
Despite several efforts to improve the sensitivity and specificity of the SLE criteria, NPSLE
diagnosis includes a miscellaneous category of nonspecific neurologic and psychiatric
signs. While neurological manifestations have been always grouped together, the criteria
for psychiatric disorders have been revised over the years, exhibiting variable prevalence
rates [3,14,15].

In this regard, a recent meta-analysis concluded that a high proportion of SLE pa-
tients had depressive and anxiety symptoms, with a pooled prevalence of 35% and 25.8%,
respectively [15]. However, most of the published studies addressing neuropsychiatric
disorders in autoimmune disorders mostly rely on clinical screening tools [14], lacking a
comprehensive standardized psychiatric assessment by qualified mental health specialists.

Given that psychiatric disorders have been reported to be among the leading disabling
conditions globally [16,17], estimating the true prevalence of these disorders remains
necessary to better understand their true impact on patients’ quality of life. The aim of this
study was to assess the prevalence and clinical correlations of well-defined mood disorders
in our cohort of SLE patients.

2. Materials and Methods

2.1. Study Sample

This study utilized a cross-sectional design to assess a sample of 92 patients with sys-
temic lupus erythematosus (SLE) who were actively being followed up at the Autoimmune
Diseases Unit at Cruces University Hospital, Spain, the Lupus–Cruces Cohort. This is a
well-established cohort, as detailed elsewhere [18]. A cross-sectional study involves data
collection at a single point in time, offering a snapshot of the study population at that
moment. Unselected consecutive patients attending outpatient clinics between 2017 and
2022 were invited to participate, provided they met the inclusion and exclusion criteria.
The inclusion criteria were an age of over 18 years old, a current diagnosis of SLE according
to the revised criteria from the ACR/EULAR consensus for the classification of SLE [19],
and signing the informed consent form. The exclusion criteria were a history of neurologic
damage (including severe head injury, neurodegenerative, vascular or metabolic disorder,
and neoplasia); the concurrence of severe or terminal somatic disease; and physical, sen-
sory, or intellectual incapacity impeding the completion of the study protocol. No further
criteria related to demographic or clinical characteristics were used, so that the group of
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study could be considered representative of the whole Lupus–Cruces Cohort. The study
was approved by the Basque Ethics Committee (CEI-Euskadi PI2017029, last approval 30
August 2020).

2.2. Psychiatric Assessment

All the participants included in this study were screened by a trained psychiatric spe-
cialist using the Semi-Structured Clinical Interview for Axis I DSM-IV Disorders (SCID) [20].
In addition, each participant was screened for major psychiatric disorders according to the
10th Revision of the International Statistical Classification of Diseases and Related Health
Problems (ICD-10) [21].

Complementarily, patients were assessed for a broad spectrum of psychiatric symp-
toms, including depressive and anxious symptomatology, the presence of suicidal ideation,
and past traumatic experiences, concluding with the overall global clinical impression
using widely utilized psychometric scales in the clinical setting. The scales used are
detailed below.

Montgomery–Åsberg Depression Rating Scale (MADRS) [22]: The MADRS is a vali-
dated tool of ten items covering various aspects of depression, including affective symptoms
(e.g., depressed mood, irritability), somatic symptoms (e.g., sleep disturbances, appetite
changes), and cognitive symptoms (e.g., feelings of guilt, suicidal ideation). Each item is
rated on a 7-point Likert scale ranging from 0 (no symptoms) to 6 (severe symptomatology).
Total scores range from 0 to 60, with higher scores indicating more severe depression.

Hamilton Anxiety Rating Scale (HARS) [22]: The HARS is a clinician-administered
widely used instrument for assessing the severity of anxiety. It comprises 14 items that
evaluate both psychological (e.g., tension, fear) and somatic (e.g., restlessness, insomnia)
manifestations of anxiety. Each item is rated on a 4-point Likert scale ranging from 0 (no
symptoms) to 4 (severe symptoms). Total scores range from 0 to 56, with higher scores
indicating greater anxiety severity.

Young Mania Rating Scale (YMRS) [23]: The YMRS is a widely used tool designed
to assess the severity of manic symptoms in individuals with bipolar disorder. The scale
consists of 11 items evaluating core manic symptoms, including elevated mood, increased
motor activity, irritability, disruptive behavior, grandiosity, and decreased sleep. Items
are rated on either a 4-point or 8-point Likert scale depending on the item. The total
scores range from 0 to 60 (or higher depending on the scoring method), with higher scores
indicating more severe manic symptoms.

Plutchik Suicide Risk Scale [24]: The Plutchik Suicide Risk Scale is a 15-item self-report
measure designed to assess suicide risk. It evaluates various factors associated with suicidal
behavior, such as suicidal ideation, previous suicide attempts, and hopelessness. It consists
of 15 items that explore various factors related to suicidal ideation, behavior, and intent.
Each item is scored as either 0 (no) or 1 (yes), resulting in a total score ranging from 0 to 15.
Higher scores indicate an increased risk of suicide.

Traumatic Experiences Screening Questionnaire (ExpTra-S) [25]: The ExpTra-S is a
self-report screening tool used to assess exposure to traumatic experiences in individuals.
It consists of 18 items rated on a 4-point Likert scale (0 = never to 3 = almost always). The
scale covers various types of child abuse (sexual, physical, psychological, and neglect) and
includes an open-ended item for other traumatic events. The distress scale, also composed
of 18 items rated on a 4-point Likert scale (1 = no distress to 4 = great distress), assesses the
emotional impact of these experiences.

Global Clinical Impression Scale (CGI) [26]: The CGI is a clinician-rated instrument
used to provide an overall assessment of a patient’s clinical status and severity of illness. It
consists of two main components: CGI-S (severity) and CGI-I (improvement). The CGI-S is
based on the clinician’s global impression, using a 7-point scale to rate symptom severity
on a scale of 1 (normal) to 7 (extremely ill).
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2.3. Clinical Assessment of Lupus Patients

The sociodemographic and clinical characteristics of the study group, including im-
munomodulatory treatments, were collected for this study. The Systemic Lupus Erythe-
matosus Disease Activity Index (SLEDAI-2K) [27] was used to assess the SLE disease
activity. This original SLEDAI was developed in 1985 and later modified to SLEDAI-2K
including minor changes [27]. It consists of 24 items comprising 16 clinical (such as rash,
arthritis, pleuritis, or psychosis) and 8 laboratory values (including elevated anti-DNA
antibodies or hypocomplementemia). Each item has a specific score ranging from 1 to 8, so
the global score has a possible maximum score of 105. SLEDAI-2K global scores up to 5 are
considered mild activity, 6–12 moderate activity, and >12 severe activity.

Likewise, The Systemic Lupus International Collaborating Clinics/ACR Damage
Index (SDI) was used to score the degree of cumulative irreversible damage caused by the
disease, therapeutic agents, or concurrent conditions [28,29]. The SDI represents permanent
damage, in contrast with SLEDAI-2K, which measures reversible activity. To be counted,
items should be present for at least 6 months (with the exception of myocardial infarction
and stroke) and need not be attributed to SLE. SDI items are grouped into 12 organ
systems: ocular, neuropsychiatric, renal, pulmonary, cardiovascular, peripheral vascular,
gastrointestinal, musculoskeletal, skin, endocrine (diabetes), gonadal dysfunction, and
malignancy. Notably, the SDI can only be stable or increase over time, with a maximum
possible score of 47 points. The SDI has been shown to be a major prognostic predictor in
SLE patients [1].

2.4. Data Analysis

Descriptive statistics were calculated for the examined variables. Continuous variables
are reported as the mean (standard deviation) for normally distributed data and otherwise
as the median (interquartile range). Categorical variables are presented as frequency (per-
centage). To determine normality, the Shapiro–Wilks test was used. Comparisons between
groups were made with Student’s t-test in the case of continuous variables following a
normal distribution or with the nonparametric Mann–Whitney U test otherwise. The
Chi-square test or Fisher’s exact test was used for categorical data.

To estimate the associations between the studied variables, Pearson’s or Spearman’s
correlation coefficients were calculated. Multivariate logistic regression models were ap-
plied to identify the predictors of affective disorder in patients with SLE. For univariate
analysis, clinical variables with p ≤ 0.15 were used in the final regression model. Collinear-
ity between candidate variables was analyzed with the Spearman correlation and VIF
(variance inflation factor) coefficients. The final model calibration was assessed with the
Hosmer–Lemeshow goodness-of-fit test (p > 0.05).

Finally, the area under the ROC curve (AUC) was calculated for the assessment of
model discrimination and diagnostic accuracy. For hypothesis testing, a 95% confidence
interval was considered, setting the risk α of 0.05 as the limit of statistical significance. The
statistical analysis was performed using IBM SPSS Statistic software (v.21) and R software (v.
4.0.1) [29]. R statistic packages used included compareGroups [30], car [31], ggcorrplot [32],
and corrplot [33].

3. Results

The main sociodemographic and clinical characteristics are summarized in Table 1. As
expected, a female predominance was observed, accounting for 91% of the sample. Patients
were mainly inactive, receiving low-dose prednisone and universal antimalarial therapy, in
line with the therapeutic schedules of the Lupus–Cruces cohort [18]. Most patients were in
remission, as depicted by a mean (SD) SLEDAI-2K score of 1.59 (2.44). Despite a median
disease duration longer than 10 years, the degree of damage accrual was low, with a mean
(SD) SDI of 0.33 (0.84), similar to what has been previously reported in our cohort [18].
No significant differences were found in any of the autoimmune clinical manifestations or
analytical parameters between the groups (Table 1).
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Altogether, the psychopathological assessment revealed that 23 patients (25%) pre-
sented a heterogeneous group of clinical syndromes that met the clinical criteria for a
psychiatric disorder (Table 2). Additionally, according to the main clinical guidelines, the
psychiatric evaluation revealed that nine patients (9.8%) had psychosocial disturbances
that could not be classified as mental disorders. In this group of patients, primary support
group-related problems and difficulties in managing daily life circumstances were among
the main psychosocial difficulties reported.

Among patients who met the diagnostic criteria for a current major psychiatric di-
agnosis, 15 (16.3% of the cohort) met the ICD-10 criteria for a depressive mood disorder,
which was in fact the most common prevalent disorder. According to ICD-10 criteria, only
one patient had an in remission organic mood disorder diagnosis.

In contrast, when using the scores obtained on the main clinical scales for the assess-
ment of depression exclusively as diagnostic criteria, and according to the cut-off criteria of
the MADRS, as many as 25 patients (27%) met the criteria for depression. Among them,
20 patients (21.7%) met the symptom criteria for “mild depression”, 4 patients (4.3%) had
“moderate depression”, and 1 patient (1.1%) presented “severe depression”.

3.1. Autoimmune Clinical Predictors of Presenting a Mood Disorder

Regarding their main clinical characteristics, patients with and without a current mood
disorder did not differ significantly in the age at inclusion (p = 0.995) or in disease duration
(p = 0.227). Moreover, as observed in Table 1, patients did not differ on the main clinical
variables. No differences were observed among the groups regarding the SLEDAI-2K
(p = 0.995) and SDI scores (p = 0.926); there were no significant differences in current
treatment with hydroxychloroquine (p = 0.16); immunosuppressive drugs (p = 0.691); or in
the dose of prednisone, either current (p = 0.55) or cumulative (p = 0.691). No significant
correlations were found between the severity of depression, as measured by the MADRS
and the SLEDAI-2K (rho = –0.111, p = 0.292) or the SDI scores (rho = –0.043, p = 0.681).

3.2. Psychiatric Predictors of Mood Disorder in SLE Patients

Regarding psychopathological assessment, there were significant differences between
the groups (p < 0.001). Overall, patients with SLE with comorbid major disorder presented
a greater percentage of family psychiatric antecedents (p = 0.003). Likewise, higher anxiety
scores (p < 0.001) increased the YMRS and the Plutchik Suicide Risk Scale scores (p < 0.001)
in SLE patients presenting with a mood disorder. Similarly, greater clinical severity, as
measured by the CGI scale, was observed in SLE patients with mood disorders, and a trend
toward greater exposure to psychological distress due to childhood traumatic experiences
was found.

In the univariate regression, age, ethnicity, the MADRS total score, the HARS total
score, the Plutchick Suicide Risk Scale scores, the YMRS scores, the CGI scores, and the
reported psychiatric family history had significant associations with presenting a mood
disorder. Before adjustment in the multivariate model, ethnicity was removed because its
values were not representative. Similarly, the HARS was also removed because it presented
a correlation coefficient of 0.83 with MADRS and was related to anxiety, not depression. The
remaining variables presented correlation coefficients ≤ 0.60 and appropriate VIF values
(<5). As a result, these factors were included as independent variables in the multiple
logistic regression model.
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Table 2. Prevalence of mental disorders.

Current Psychiatric Diagnoses According to ICD-10 (n = 32) N (%)

Mood disorders
Major depressive disorder
Persistent depressive disorder

Trauma and Stress-Related Disorders
Adjustment disorder

Other disorders
Organic depressive disorder—in remission
Generalized anxiety disorder
Eating disorder

Psychosocial conditions not attributable to a mental disorder
Code Z63. Problems related to primary support group
Code Z73. Problems related to life management difficulty

13 (40.6%)
2 (6.3%)

5 (15.6%)

1 (3.1%)
1 (3.1%)
1 (3.1%)

4 (12.5%)
5 (15.6%)

As shown in Table 3, the final model revealed a statistically significant association
between presenting a mood disorder, the MADRS total scores, and the YMRS total scores
(p < 0.001). The Hosmer–Lemeshow statistic was 6.398 (p = 0.603), suggesting a well-
calibrated predictive model. These findings suggest that having a mood disorder is asso-
ciated with greater levels of depressive symptoms and psychiatric disease severity. We
further estimated the prediction efficacy of the model by performing an AUC analysis,
showing a value of 0.965 (Figure 1). Altogether, these results indicate that the model can
precisely detect the presence of a mood disorder in SLE patients.

Table 3. Multiple logistic regression analysis of predictors for mood disorders in SLE patients.

Variables OR 95% CI p-Value

MADRS total score 1.373 1.180 to 1.679 <0.001
YMRS total score 3.009 1.202 to 10.56 0.022

Abbreviations: OR = odds ratio; CI = confidence interval; MADRS = Montgomery–Åsberg Depression Rating
Scale, YMRS = Young Mania Rating Scale.

Figure 1. ROC curve. The figure shows the area under the curve (AUC) of the receiver operating
characteristic (ROC).
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4. Discussion

The aim of this study was to assess the real prevalence of well-characterized mood
disorders in a well-defined cohort of SLE patients. Based on our results, patients with SLE
showed lower prevalence rates of depressive disorders than those previously reported
in the literature. In line with this finding, the prevalence of other psychopathological
disturbances, such as anxiety disorders, was also low, with adjustment disorder being the
second most common diagnosis. Furthermore, no SLE-related factors appear to influence
the presentation of a mood disorder, with psychiatric clinical factors having a significant
effect on SLE-depressed patients.

Our findings contrast with previous studies that reported a higher prevalence of
psychiatric disorders among patients with lupus [34–37]. Although some studies reported
prevalence rates similar to those obtained in our cohort, non-standardized scales were used
to support the clinical diagnosis [38]. However, despite this lower prevalence compared
to other SLE cohorts, we observed a prevalence of depressive disorders higher than in
the general population. According to The Global Health Data Exchange, the overall
prevalence of depressive disorders in Spain is 4.13% [39], with variations depending on
the methodological aspects of the individual studies [16]. Therefore, it is essential to assess
the presence of psychological disturbances in patients with autoimmune diseases through
a thorough psychiatric evaluation. Since NPSLE manifestations have a negative impact
on the quality of life and day-to-day functional outcomes, the early detection of mental
disorders may lead to global improvement in SLE patients [40].

A significant proportion of patients had psychological disturbances that could not
be classified as a mental disorder. This classification encompasses a broad spectrum of
nonspecific major psychiatric disturbances, which influence health status and attendance
to health services. In fact, this reflects the importance of sociocultural circumstances in the
emergence and persistence of psychological disturbances. The successful identification and
management of these disorders facilitate the adaption of therapeutic interventions based
on the individual characteristics of each patient.

It is worth noting that, based on the cut-off criteria of the scores obtained on the
MADRS to assess the occurrence of depressive symptoms, approximately 27 percent of
our study group would have depression. This fact emphasizes the need for a thorough
psychiatric evaluation, which can be supported by clinical screening tools such as the
MADRS, among others, for the diagnosis of mental disorders.

We found no correlation between the presence of psychiatric disorders and any of the
main autoimmune clinical characteristics of SLE, such as disease duration, disease activity,
cumulative disease damage, or immunosuppressive treatment. It is important to note the
low prednisone dose and the high use of hydroxychloroquine in both subgroups. The low
degree of accrued damage in our cohort has a definite relation with the therapeutic schemes
used in our unit [41].

On the other hand, the main psychiatric scales assessed revealed significant differences
between groups. Among the main clinical correlators predicting the presentation of a
mood disorder, we found global scores such as the MADRS, used to assess depression
severity, and the total scores of the Young Mania Rating Scale. Besides that, and despite
not being included in the final regression model, the higher overall anxiety scores, the
higher scores observed in the Plutchick Risk Suicide Scale, and the greater presence of
early traumatic experiences are of clinical significance. On this matter, the impact of early
traumatic experiences on the immune system functioning is well established [42,43]. Major
pro-inflammatory factors, including IFN-y, Interlucin-6, and TNF-α, among others, have
been found to be increased [42]. While research on early traumatic experiences has been
replicated in a variety of psychiatric populations, few studies on autoimmune disorders
have taken this factor into account.

The main limitations of this study include its limited sample size, particularly in terms
of the percentage of SLE patients with mood disorders. Similarly, not all patients in the
cohort were evaluated, as only patients who voluntarily agreed to participate in the study
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were included, all of them in an outpatient clinic setting. Thus, it is possible that some
patients presenting with mood disorders have not been effectively assessed. In addition, the
large number of patients on hydroxychloroquine and the low current and cumulative dose
of prednisone, as well as the low level of activity and damage accrual, as has been shown
in our patients in previous studies [41], could have hampered the analysis of the possible
predictors of mood disorders. On the other hand, the role of immunosuppressive therapy
other than glucocorticoids in the development or protection against mood disorders in
SLE patients has not been established [38]. Overall, the availability of a multidisciplinary
team for the management of patients with autoimmune diseases should be highlighted
as a possible additional explanation for our findings. Patients who show early signs of
psychological problems are evaluated jointly by an autoimmune disease team psychiatrist.
In this regard, close clinical care and follow-up by a multidisciplinary team can benefit from
the early detection of emotional disturbances and prompt rapid therapeutic interventions.
This includes a correct diagnosis with the use of a well-accepted and widely standardized
semi-structured psychiatric assessment instrument (SCID), which was used in this study in
accordance with the ACR guidelines for the assessment of NPSLE [13].

5. Conclusions

In summary, the prevalence of mood disorders in SLE using a comprehensive standard-
ized interview conducted by a trained mental health specialist was lower than previously
reported. No associations were found with SLE clinical features, disease activity, damage,
or specific therapies. Our results highlight the need for multidisciplinary teamwork for the
early diagnosis and therapeutic management of SLE patients with neuropsychiatric disorders.
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