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Highlights

What are the main findings?

• Patients with systemic lupus erythematosus (SLE) had higher plasma zonulin and
(1→3)‑β‑D‑glucan levels than controls, suggesting impaired intestinal barrier func‑
tion, and fungal translocation or proliferation.

• Similar levels of plasma zonulin between patients with large joints involvement and
controls may be an expression of the pathogen latency in large joints.

What are the implications of the main findings?

• Plasma zonulin may be a candidate biomarker of divergent channels latency in SLE.

Abstract

Background: Systemic lupus erythematosus (SLE) is an autoimmune disorder with a
chronic intermittent course, a characteristic that suggests an involvement of divergent
channels. According to Chinese medicine, divergent channels divert the pathogens to
joints, where they are held transiently in a latent state, in order to keep them away from
internal organs. The purpose of the present work is to determine whether, in SLE subjects,
the levels of certain markers of gut leakage (zonulin), fungal translocation or proliferation
of [(1→3)‑β‑D‑glucan], and protective mechanisms (FGF21) are associated with the type of
organ involvement or with the type of joint involvement (small vs. large joints) and to ex‑
plore potential connections with the Chinese medicine perspective on SLE, conceptualized
as pathology of the divergent channels. Methods: The study had a cross‑sectional design
and included an SLE group (n = 33) and a control group (n = 24) of subjects. Plasma levels
of zonulin, (1→3)‑β‑D‑glucan, and FGF21 were measured using indirect ELISA. Results:
Despite the fact that SLE patients exhibited higher plasma zonulin levels when compared
to controls [4.709 (1.996–10.426), n = 33 vs. 1.973 (1.371–3.05925), n = 24, p = 0.004], [me‑
dian (IQR)], there was no difference in plasma zonulin levels between SLE patients with
large joint involvement and controls. Plasma (1→3)‑β‑D‑glucan was also higher in the
SLE group than in controls [119.444 (82.746–277.66), n = 33 vs. 77.893 (47.524–124.7495),
n = 24, p = 0.01]. Cutaneous involvement was significantly more frequent in patients with
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large joint (p = 0.03) and small joint (p = 0.006) involvement than in those without articu‑
lar involvement. Conclusions: Plasma zonulin may be correlated with the degree of SLE
latency in joints (divergent channels activation). The engagement of divergent channels,
reflected by articular involvement, appears to be associated with a greater propensity for
sinew channel activation as a potential mechanism of pathogen evacuation.

Keywords: divergent channels; sinew channels; zonulin; (1→3)‑β‑D‑glucan; intestinal
permeability; systemic lupus erythematosus; joints; Chinese Medicine

1. Introduction
Systemic lupus erythematosus (SLE) is a chronic multisystemic autoimmune disease

that may affect the joints, skin, kidneys, lungs, nervous system, hematologic system, serous
membranes, and heart [1,2]. The most frequent clinical manifestation in SLE is the muscu‑
loskeletal: up to 95% of patients experience joint symptoms [3]. Lupus arthritis predomi‑
nantly involves the small joints of the hands, wrists, and knees, and also the hip joint [4].

Although its precise etiology remains incompletely understood, SLE is considered
to result from a complex multifactorial interplay between hormonal, genetic, and environ‑
mental factors [5]. Also, disruption of gut microbiome balance and compromised intestinal
barrier have become increasingly relevant in SLE pathogenesis. Gut microbiome dysbiosis
is frequent among patients with SLE and may contribute to impaired gut barrier integrity
with microbial translocation, increased exposure to microbial antigens, and consequent
immune system activation [6]. This mechanism is supported by an in vitro study, which
showed that microbiota isolated from stool samples of SLE patients increased lymphocyte
activation and their differentiation into Th17 cells [7].

Available evidence suggests a bidirectional relationship between intestinal barrier
dysfunction and SLE. On one hand, increased intestinal permeability may exacerbate SLE
activity by promoting the systemic translocation of bacterial and fungal products, thereby
activating innate immune cells through TLR4 and Dectin‑1 signaling pathways. On the
other hand, SLE may contribute to impaired gut permeability through immune complex
deposition‑mediated vascular injury and the effects of commonly used therapies, includ‑
ing nonsteroidal anti‑inflammatory drugs and immunomodulatory agents [8].

Dormant microorganisms can migrate from gut mucosae to joints and other distant
sites through blood (by using macrophages as Trojan horses [9] by hiding themselves
within autophagosomes [10]) or through lymphatics [11]. Persistent microbes (including
those from gut microbiota) in bone‑marrow mesenchymal stem (BMMS) cells from the
epiphyses of joints were suggested to be contributing pathogenic factors to chronic inflam‑
matory joint diseases [12]. Scientists have suggested that these dormant infections may
lead to a kind of trained immunity in daughter BMMS cells in joints that lasts even after
the microbes are cleared [12].

(1,3)‑β‑D‑Glucan (1,3‑BDG), a cell wall constituent of several fungal species (includ‑
ing Candida, Aspergillus, and Pneumocystis), is released during fungal proliferation and
represents a biomarker of fungal translocation or proliferation [13,14]. Several studies have
reported elevated beta‑glucanemia in lupus animal models, attributed either to enhanced
gut permeability or increased fungal burden within the gut microbiota, suggesting a pos‑
sible impact and worsening effect in lupus progression [15,16]. Synergy of β‑glucanemia
and endotoxemia exacerbated lupus activity in animal models by induction of colonic neu‑
trophil extracellular traps that facilitate microbial gut translocation [17] and by enhance‑
ment of the macrophage cytokine production and inflammatory state [18].

https://doi.org/10.3390/healthcare14142086

https://doi.org/10.3390/healthcare14142086


Healthcare 2026, 14, 2086 3 of 25

There are also various protective mechanisms (e.g., farnesoid X receptor pathway ac‑
tivation, leading to increased fibroblast growth factors (FGFs) FGF21, and FGF19 levels),
which regulate microbiota diversity, prevent gut dysbiosis and intestinal tight‑junction
damage, and maintain the intestinal barrier [19]. Recent studies have demonstrated that
the FGF21–bile acids–gut microbiota–short‑chain fatty acids axis mediates these beneficial
effects across a variety of pathological conditions [19–21]. FGF21 modulates the profile of
fecal bile acids (which exert antimicrobial and complex signaling activities) and stimulates
gut microbiota production of short‑chain fatty acids (which represent the most important
“fuel” for the intestinal epithelial cells, inhibitors of harmful bacteria proliferation, and pro‑
tective factors against intestinal damage) [22]. FGF21 was also suggested to delay lupus
progression in an animal model [23]. However, one human study found a positive cor‑
relation of FGF21 with global disease activity, and it was increased in subjects with renal
involvement [24]. Given the limited number of studies investigating the potential role of
FGF21 in SLE patients, exploring this direction deserves attention.

Zonulin is a protein that acts as a regulator of intestinal tight junctions, and its in‑
creased serum levels are associated with increased intestinal permeability [25]. In one of
our previous studies, besides the fact that we have found that SLE patients have higher lev‑
els of plasma zonulin than controls, we have also found that SLE patients without clinical
joint involvement had unexpectedly higher plasma levels of zonulin than those with this
feature [26]. We suggested that this intriguing result may be at least partially explained
on the basis of a bidirectional gut–joint iteropathy of lymphocytes (bidirectional migration
of lymphocytes between the digestive tract and joints within the lymphoid network), so
that the inflammatory “signature” emerges either at the intestinal or articular level, reflect‑
ing the preferential localization and accumulation of lymphocytes within distinct compart‑
ments of the gut–joint axis [26].

Supporting the gut–joint axis concept, a murine model of spondylarthritis demon‑
strated that intraepithelial T cell lymphocytes from the distal colon can migrate to the
Achilles tendon enthesis and promote local inflammation through IL‑17 and TNF produc‑
tion [27].

At present, there is no direct evidence of lymphocyte trafficking from the joints to
the gut; however, this possibility cannot be excluded, given the existence of general im‑
munological mechanisms of lymphocyte homing to the gut, especially in inflammatory
conditions [28]. For instance, lymphocytes expressing the integrin α4β7 on their surface
(which interact with the cell adhesion molecule MAdCAM‑1 expressed in the gut) and the
chemokine receptor CCR9 (which recognizes CCL25, constitutively expressed by intestinal
epithelial cells) are imprinted with gut tropism [29–31].

These previous findings, which have not yet been sufficiently explained from a
biomedical science perspective, prompted us to further investigate them, also through the
lens of Classical Chinese Medicine (CCM).

Classical Chinese Medicine Perspective on Systemic Lupus Erythematosus

Several features of SLE, including the chronic course characterized by a pattern of
episodic flare‑ups and remissions, as well as its autoimmune pathogenesis [2], suggest, ac‑
cording to literature on Chinese Medicine, an involvement of divergent channels, which
represents one of the five types of energetic channels, together with sinew channels, luò
vessels, primary channels, and extraordinary channels [32,33]. According to these re‑
sources, the essential role of divergent channels, as the last protection barrier, is to divert
the pathogenic factor (xié qì) away from the internal organs (zàng fŭ) to avoid their distur‑
bances and structural damage, and to send it to the joints, where it is held latent, transiently
trapped as long as the essence (jīng qì) is available, even at the expense of other resources
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(e.g., Blood‑xuè, Fluids‑ jīn yè) [32,33]. As long as the pathogenic factor is hidden in the
joints, the disease enters a so‑called “latency phase’’, divergent channels functioning as a
buffer between the external and the internal sites.

The concept of pathogenic factors (xié qì) in Chinese medicine covers a widespread
range of factors that have in common the property of challenging the body’s homeostatic
mechanisms: the climatic factors, imbalanced diet, microbes, environmental pollutants or
xenobiotics, and psycho‑emotional stress. Interestingly, accumulating evidence suggests
that nearly all of these Chinese pathogenic factors (CPFs) can induce dysbiosis and com‑
promise the intestinal barrier (Table 1).

Table 1. Pathogenic factors associated with dysbiosis and leaky gut.

Climatic factors
high‑humidity environment [34]

heat exposure [35,36]
seasonal climatic fluctuations [37]

Dietary factors excessive fructose consumption [38]
chronic high‑fat diet [39,40]

Microbes
bacteria [41]
viruses [42]

Environmental pollutants or xenobiotics

heavy metals [43]
pesticides [44]

micro‑ and nanoplastics [45]
detergents [46]

cosmetic pollutants [47]
synthetic drugs (e.g., antibiotics, proton
pump inhibitors, and anti‑inflammatory

agents) [48]

Psycho‑emotional factors
psychological trauma [49]

depression [50]
anxiety [51]

The consequent gut leakage, observed in SLE [26,52], may facilitate the translocation
of gut microbial components (e.g., (1→3)‑β‑D‑glucan) that may be included in the category
of CPFs into systemic circulation, promoting inflammation in distant organs and autoim‑
munity [52,53]. In CCM, autoimmune self‑destructive tissue processes are understood as
the consequences of Heat (analogous to the calor aspect observed in inflammation) gener‑
ated during the “efforts” of protective energy (Wèi Qì) to counteract pathogenic influences,
with the resulting internal Heat contributing to tissue damages [32,33].

Interestingly, within the framework of CCM, the pathogenesis of disease is conceptu‑
alized as the progressive invasion of the CPF through distinct energetic layers, occurring
concomitantly with the failure of the energetic bodily defense mechanisms—analogous to
the previously described translocation of microbes or microbial components from a com‑
promised intestinal barrier to distant sites. This process is understood to advance sequen‑
tially from the most superficial or protective level (Wèi layer), through the intermediate
or nutritive level (Yíng layer), and ultimately to the deepest or constitutional level (Yuán
layer), each of them characterized by a specific type of energy (Qi) (Figure 1).
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Figure 1. Pathways of invasion and evacuation of pathogens (Xie Qi) and the role of divergent chan‑
nels as the last protective barrier of internal organs.

Each energetic layer has certain correspondences with the system of channels, fluids,
and structural constituents [32,54] (Table 2).

Table 2. Energetic levels and their corresponding channels and anatomical structures [32,54–56].

Energetic Layer
Type of Qì

(Potential Biomedical
Correspondences)

Channels Fluids and Anatomical
Structures

Protective layer
(Wèi layer)

Wèi Qì—Protective energy
(immune system) Sinew Channels

Jīn Fluids (impure)
Muscles

Skin

Nutritive layer
(Yíng layer)

Yíng Qì—Nutritive energy
(fluids—blood, lymph,

plasma)

Primary Channels *

Jīn Fluids (pure)
Yè Fluids
Blood Xuè

Flesh
Internal organs (Zàng Fŭ) *

Luo channels Blood Xuè
Blood vessels

Constitutional layer
(Yuán layer)

Yuán Qì—constitutional
energy

(genetics)
Jīng Qì—Essence

(stem cells, genetics)
Yuán Qì—functional

aspect of essence

Extraordinary Channels
Divergent Channels *

Marrow
Bone, joints *

Internal organs (Zàng Fŭ) *

Legend. * direct connection between channels and internal organs or anatomical structure.
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The divergent channels are large branches (divergences or extensions) of the primary
channels that connect external to internal sites [57]. They function in tandem with the
sinew channels, supporting them by mobilizing Yuán Qì from a deeper level (Yuán layer)
towards the superficial level (Wèi layer), which is mostly specialized in expelling the
pathogen [54]. Interestingly, according to immunogenetics, there is a strong coordination
between the genetic level (corresponding to the Yuán layer) and immune processes (cor‑
responding to the Wèi layer) [56]. For instance, immune system function under circadian
rhythms coordinated by clock genes (e.g., genes controlling diurnal rhythms in inflamma‑
tory monocyte numbers [58] and diurnal expression of proinflammatory cytokines [59]),
similarly to Wèi Qi, which also has a circadian rhythm, circulating 50 times daily (25 times
during the daytime, at the surface of the body, and 25 times during the night, in the body’s
internal part) [60]. Moreover, scientists have suggested that these clock genes, which initi‑
ate a rhythmic inflammatory signal, might even be responsible for the diurnal variation in
the symptoms and severity of inflammatory arthritis [61].

Regarding the articular involvement in SLE within the framework of CCM, it is par‑
ticularly noteworthy that all divergent channels are connected with the large joints (hips,
knees, shoulders, and sacroiliac joints), almost all starting at the level of Hé points located
in the proximity of these large joints [33,54]. Thus, the concept emerged of stratifying SLE
patients into subgroups according to the presence or absence of articular involvement and
its type (involving large versus small joints), as well as evaluating potential differences
between these subgroups.

The aim of this study is to determine whether, in patients with SLE, the levels of cer‑
tain markers of gut leakage (zonulin), microbial translocation (1,3‑BDG), and protective
mechanisms (FGF21) are associated (1) with the type of organ (cutaneous vs. articular
vs. deep organ) involvement and (2) with the type of joint involvement (small joints vs.
large joints vs. no joint involvement) and to find a potential connection with the theory of
pathogenesis from CCM.

2. Materials and Methods
2.1. Study Design and Participant Selection

We conducted a cross‑sectional study at “Sfânta Maria” Clinical Hospital, Bucharest,
Romania, between January 2024 and May 2024. The study population comprised 57 partic‑
ipants, including 24 healthy volunteers and 33 patients diagnosed with SLE, who fulfilled
the 2019 ACR/EULAR classification criteria for SLE [62]. All participants were adults of
Romanian nationality. Healthy controls were recruited from individuals without a history
of autoimmune or autoinflammatory disease. Exclusion criteria applied for both cohorts
included recent infection within 3 months, history of invasive fungal infection, diarrhea or
a history of diarrhea within 3 months, ongoing malignancy, or the presence of additional
inflammatory, autoimmune, or autoinflammatory disease.

Each participant attended a single study visit. For patients with SLE, the study visit
was scheduled to coincide with a routine follow‑up assessment at the hospital, whereas
healthy controls were evaluated during a single dedicated study visit. All eligible indi‑
viduals were informed about the study objectives and enrolled after providing written
informed consent.
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2.2. Study Variables and Sample Collection

The biomarkers of interest were plasma zonulin, 1,3‑BDG, and fibroblast growth
factor 21 (FGF21). These analytes were quantified from blood samples collected specif‑
ically for the study using enzyme‑linked immunosorbent assay (ELISA). Additional de‑
mographic, anthropometric, clinical parameters, and routine laboratory parameters were
retrieved from the patients’ medical records. These included sex, age, urban/rural back‑
ground, body mass index (BMI), disease duration since symptom onset, disease dura‑
tion since diagnosis, and disease activity assessed using the SLE Disease Activity In‑
dex (SLEDAI) score [63], organ damage level assessed using the Systemic Lupus Inter‑
national Collaborating Clinics/American College of Rheumatology (SLICC/ACR) Damage
Index [64], and medication profiles.

As matching parameters, demographic (sex, urban/rural background) and anthropo‑
metric [age, body mass index (BMI)] variables were taken into account.

Renal and neurological involvement were considered deep organ involvement, as in
the natural history of SLE, these complications may be life‑threatening.

In addition to the standard clinical and laboratory assessment, a supplementary 4 mL
blood sample was collected into EDTA K2 tubes (BD Vacutainer, Franklin Lakes, New
Jersey, USA) after a 12 h overnight fast. Samples were processed by centrifugation at
10,000× g for 15 min, after which the plasma fraction was transferred into separate aliquots
and stored at −80 ֯C until laboratory assessment of the selected biomarkers.

2.3. Biomarker Assessment

Plasma concentrations of zonulin, 1,3‑BDG, and FGF21 were determined using com‑
mercially available enzyme‑linked immunosorbent assay kits in accordance with the man‑
ufacturers’ instructions. Zonulin was measured using the Human Zonulin ELISA 96T
kit (Cusabio, Wuhan, China), whereas 1,3‑BDG and FGF21 were quantified using the
Human BDG (beta‑D‑glucan) ELISA 96T kit (FineTest, Wuhan, China) and the Human
FGF21 (Fibroblast Growth Factor 21) ELISA 96T kit (FineTest, Wuhan, China). All sam‑
ples were analyzed in duplicate, and optical density was measured using a Mindray MR‑
96A microplate reader (Shenzhen Mindray Bio‑Medical Electronics Co., Ltd., Shenzhen,
China). Mean values from duplicate determinations were used for statistical analysis.
The inter‑assay coefficients of variation were within the acceptable limits specified by
the manufacturers.

2.4. Statistical Analysis

All the statistical computations and graphical representations were performed using
the R language and environment for statistical computing and graphics version 4.6.0 (R
Project for Statistical Computing). Packages car, tidyverse, ggplot2, ggpubr, mosaic, medi‑
ation, dplyr, fmsb, and reporttools have been used.

The Shapiro–Wilk test was conducted to determine whether the numerical (continu‑
ous) data were normally distributed. The association of dichotomous (binary) categorical
variables with normally and non‑normally distributed numerical variables was explored
by means of Student’s t test and Mann–Whitney test/Wilcoxon rank sum test, respectively.

The Kruskal–Wallis rank sum test was employed to investigate the relationship be‑
tween numerical (continuous) variables (such as zonulin plasma level) and polytomous
(with multiple levels) categorical variables (such as the type of joint involvement: small vs.
large vs. no joint involvement).

Pairwise comparisons using the Mann–Whitney test/Wilcoxon rank sum test with
p value adjustment by the Bonferroni method were thereafter performed to establish which
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are the actual statistically significant differences among the various levels of the polyto‑
mous categorical variable.

Fisher’s exact test was employed to investigate the relationship between a dichoto‑
mous categorical variable [such as cutaneous involvement or deep organ (renal or neuro‑
logical) involvement in LES patients] and a polytomous categorical variable (namely, the
type of joint involvement: small vs. large vs. no joint involvement). Knee, hip, shoulder,
spine, and sacroiliac joints were included in the category of large joints, while hand joints
were considered small joints.

In the case of statistically significant results, pairwise comparisons using Fisher’s ex‑
act test with p value adjustment by the Bonferroni method were thereafter performed to
establish which levels of the polytomous categorical variable were actually statistically sig‑
nificantly associated with the dichotomous categorical variable.

A group of healthy individuals was chosen, matched with the SLE patients in terms
of anthropological [sex, age, body mass index (BMI)] and demographic variables [back‑
ground/residency (urban vs. rural)] (Table 3). Fisher’s exact test was employed to prove
the absence of significant differences between the two groups regarding sex and back‑
ground/residency. The Shapiro–Wilk test showed that both age and BMI had a normal dis‑
tribution; therefore, the mean and standard deviation were used to characterize these two
parameters, and Student’s t test was employed to establish whether there were/to demon‑
strate the absence of significant differences between the two groups.

Table 3.Demographic and anthropometric characteristics of patients with SLE and control group.

Variable SLE Patients Control Group p Value

Sex (F/M) 32/1 22/2 NS (0.57)
Background (U/R) 20/13 19/5 NS (0.16)

Age (mean ± SD) [years] 43.21 ± 11.78 47.88 ± 12.45 NS (0.2)
BMI (mean ± SD) [kg/m2] 23.88 ± 4.04 25.87 ± 4.24 NS (0.08)

Note: There were no significant differences between the SLE patients group (n = 33) and the control (healthy
individuals) group (n = 24) in terms of demographic and anthropometric variables: sex, age, body mass index
(BMI), and background/residency (urban vs. rural). F = female, M = male, U = urban, R = rural, SD = standard
deviation. Fisher’s exact test was used for categorical variables (sex, background); Student’s t test was employed
for numerical variables (age, BMI).

The results were considered statistically significant if the p‑value < 0.05.

3. Results
Shapiro–Wilk test demonstrated that, among numerical variables, age and BMI were

normally distributed, while FGF21, zonulin, and 1,3‑BDG were not.

3.1. Baseline Clinical, Demographic, and Anthropometric Characteristics

The demographic and anthropometric characteristics of the participants, including
age, sex, and urban/rural background, are summarized in Table 3.

The main clinical features of the SLE group are summarized in Table 4.

Table 4.Clinical features of patients with SLE.

Variable Median (IQR)

Disease duration since symptoms onset 9 (2–15)
Disease duration since diagnosis 7 (2–15)

SLEDAI score 4 (2–6)
SLICC/ACR Damage Index 2 (0–4)

Note: Results are presented as median (IQR).
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The medication profile of the SLE group reflected heterogeneous therapeutic expo‑
sure. Corticosteroids were used in 23 patients. Hydroxychloroquine was administered
in 24 patients, of whom 1 received it in combination with Methotrexate, 3 with Mycophe‑
nolate mofetil, and 7 with Azathioprine. Belimumab was used in five patients, including
four in combination with hydroxychloroquine and one in combination with Mycopheno‑
late mofetil.

3.2. Biomarkers Profile and Routine Laboratory Findings of the SLE Group

The main laboratory parameters of the SLE group are summarized in Table 5.

Table 5. Biomarker profile and routine laboratory parameters of patients with SLE.

Variable Median (IQR)

Zonulin (ng/mL) 4.709 (1.996–10.426)
1,3‑BDG (pg/mL) 119.444 (82.746–277.66)
FGF21 (pg/mL) 281.38 (173,808–590.36)

WBC (×103/mm3) 5.48 (4.77–7.21)
LYM (×103/mm3) 1.03 (0.7–1.77)
NEU(×103/mm3) 3.95 (2.68–5.26)
PLT (×103/mm3) 260 (203–334)

Hb (g/dL) 12.6 (11.3–13.5)
Creatinine (mg/dL) 0.89 (0.8–0.98)

C3 serum level (mg/dL) 87.3 (72.01–106.47)
C4 serum level (mg/dL) 9.886 (6.211–18.995)
Anti‑dsDNA ab (UI/mL) 34.4 (15.7–97)

ESR (mm/h) 16 (7–31)
CRP (mg/L) 4.51 (2.83–7.16)

24 h urine protein (mg/24 h) 140 (91.155–247.87)
Note: Results are presented as median (IQR); 1,3‑BDG—1,3‑beta‑D‑glucan, FGF21—fibroblast growth fac‑
tor 21, WBC—white bloods cells, LYM—lymphocytes, NEU—neutrophiles, PLT—platelets, Hb—hemoglobin,
C3—complement component 3, C4—complement component 4, Anti‑dsDNA ab—anti‑double stranded DNA
antibodies, ESR—erythrocyte sedimentation rate, CRP—C reactive protein.

3.3. Comparison of Biomarker Levels Between SLE and Controls

The comparison between the study group and the control group regarding the three
markers (Mann–Whitney test) was done by means of the Mann–Whitney test (Table 6). The
statistically significant results are displayed in Figures 2 and 3.

Table 6. Comparison between the study group and the control group regarding the three markers
(Mann–Whitney test) estimated by means of the Mann–Whitney test.

Marker/Variable Median (IQR) in
SLE Patients

Median (IQR) in
Control Group

Median Difference (95%
Confidence Interval) W Statistics p Value

FGF21 281.38
(173.808–590.36)

538.2
(194.955–758.94) 145.442 (−52.160 to 380.002) 480 0.2

Zonulin 4.709
(1.996–10.426)

1.973
(1.371–3.05925) −2.251 (−4.530 to −0.625) 220 0.004

1,3‑BDG 119.444
(82.746–277.66)

77.893
(47.524–124.7495) −39.902 (−81.398 to −10.192) 244 0.01
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Figure 2. Plasma zonulin (ng/mL) estimated as median (IQR‑ interquartile range) in SLE patients
[4.709 (1.996–10.426), n = 33] vs. Healthy controls [1.973 (1.371–3.05925), n = 24], median difference
(95% confidence interval) = −2.251 (−4.530 to −0.625), W statistics = 220, p = 0.004 by Mann‑Withney‑
U‑test; The dots (•) represent the outliers.
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Figure 3. Plasma 1,3‑BDG (pg/mL) estimated as median (IQR‑ interquartile range) in SLE patients
[119.444 (82.746–277.66), n = 33] vs. Healthy controls [77.893 (47.524–124.7495), n = 24], median dif‑
ference (95% confidence interval) = −39.902 (−81.398 to −10.192), W statistics = 244, p = 0.01 by
Mann‑Withney‑U‑test); The dots (•) represent the outliers.
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3.4. Analysis of Biomarkers in Relation to Clinical Involvement

The association between each of the three markers (Mann–Whitney test) and the type
of involvement was explored by means of the Mann–Whitney test (Table 7). The relation‑
ship between plasma zonulin and articular involvement is represented in Figure 4.

Table 7. The association between each of the three markers (Mann–Whitney test) and the type of
involvement estimated by means of the Mann–Whitney test.

Marker/Variable

Median (IQR) for
Patients with
Cutaneous/

Joint/Deep Organ
Involvement

Median (IQR) for
Patients Without

Cutaneous/
Joint/Deep Organ
Involvement

Median Difference (95%
Confidence Interval) W Statistics p Value

Cutaneous involvement (with/without: 20/13)

FGF21 218.76
(160.9095–466.36)

428.62
(244.06–684.96) 129.227 (−79.334 to 403.58) 166 0.2

Zonulin 4.5295
(2.2575–6.681) 5.34 (1.531–11.759) 0.252 (−2.498 to 7.583) 135 0.9

1,3‑BDG 118.173
(81.4515–200.9545)

130.574
(90.076–280.66) 8.362 (−41.884 to 100.6) 141.5 0.7

Joint involvement (with/without: 27/6)

FGF21 244.06
(168.302–489.46)

583.11
(332.74–937.82) 288.062 (−92.304 to 772.260) 114 0.1

Zonulin 3.363
(1.816–6.1405)

15.436
(10.49–22.54575) 9.830 (2.872 to 20.847) 139 0.007

1,3‑BDG 119.444
(80.157–226.523)

168.865
(93.6745–363.61) 25.76105 (−47.452 to 287.616) 95.5 0.5

Deep organ [renal/neurological involvement (with/without: 14/19)]

FGF21 370.63
(173.672–590.77)

244.06
(174.787–583.11) −47.086 (−267.494 to 135.624) 117 0.6

Zonulin 3.8565
(2.01225–6.23625)

5.102
(2.1085–10.5125) 1.034 (−1.691 to 5.667) 151 0.5

1,3‑BDG 122.228
(91.0355–166.034)

116.902
(80.153–360.59) 11.400 (−36.698 to 181.082) 147 0.6

Legend. IQR—interquartile range.

The Kruskal–Wallis rank sum test demonstrated a statistically significant association
between zonulin plasma level and the type of joint involvement [small vs. large (±small)
vs. no joint involvement] in SLE patients. For reference, the zonulin plasma level in healthy
individuals was also included in the computation: a p‑value = 0.00046, corresponding to
a Kruskal–Wallis chi‑squared of 17.908 with 3 degrees of freedom. The results of the pair‑
wise comparisons by means of the Mann–Whitney test with p value adjustment by the
Bonferroni method are displayed in Table 8 and illustrated in Figure 5.

Fisher’s exact test demonstrated no association between deep organ (renal or neuro‑
logical) involvement in LES patients and the type of joint involvement (small vs. large vs.
no joint involvement) (p value = 0.3). However, there was a statistically significant associ‑
ation between cutaneous involvement and the type of joint involvement (p value = 0.003).
Pairwise comparisons using Fisher’s exact test with p value adjustment by the Bonferroni
method were thereafter performed to establish which levels of the polytomous categorical
variable were actually statistically significantly associated with the dichotomous categori‑
cal variable (Figure 6, Table 9).
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Figure 4. Plasma zonulin (ng/mL) estimated as median (IQR‑ interquartile range) in SLE patients
without joint involvement [15.436 (10.49–22.54575), n = 6] compared with SLE patients with joint
involvement [3.363 (1.816–6.1405), n = 27]; median difference (95% confidence interval) = 9.830 (2.872
to 20.847), W statistics = 139, p = 0.007, by Mann–Whitney‑U‑test); The dots (•) represent the outliers.
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Table 8. The association between zonulin and the type of joint involvement. Pairwise comparisons
using the Mann–Whitney test with p value adjustment by the Bonferroni method.

Comparison Median (IQR) in
Patients with A

Median (IQR) in
Patients with B Median Difference (95% CI) W Statistics p‑Value

Bonferr.

A = small (n = 14) vs.
B = large (n = 13) 5.2525 (2.9730–9.7515) 2.061 (1.672–4.350) −2.9295 (−5.837 to 0.053) 52 0.37

A = small (n = 14) vs.
B = without (n = 6) 5.2525 (2.9730–9.7515) 15.43600

(10.49000–22.54575) −8.8015 (−20.327 to −0.374) 17 0.24

A = small (n = 14) vs.
B = healthy controls

(n = 24)
5.2525 (2.9730–9.7515) 1.97300

(1.37100–3.05925) −3.289 (−5.817 to −0.932) 78 0.034

A = large (n = 13) vs.
B = without (n = 6) 2.061 (1.672–4.350) 15.43600

(10.49000–22.54575) −10.561 (−21.952 to −4.118) 6 0.013

A = large (n = 13) vs.
B = healthy controls

(n = 24)
2.061 (1.672–4.350) 1.97300

(1.37100–3.05925) −0.2835 (−1.289 to 0.687) 138 1

A = without (n = 6)
vs. B = healthy
controls (n = 24)

15.43600
(10.49000–22.54575)

1.97300
(1.37100–3.05925) −11.4715 (−22.037 to −7.136) 4 0.00024

Note: p‑value Bonferr. = p‑value with Bonferroni correction; 95% CI = 95% confidence interval.

Table 9.The association between cutaneous involvement and the type of joint involvement. Pairwise
comparisons using Fisher’s exact test with p value adjustment by the Bonferroni method.

Without Cut.
Involv. With Cut. Involv. p Value p‑Value

Bonferr. Odds Ratio (95% CI)

Large ± small vs. small

Large ± small
joint involv. 4 9 0.6776

1 0.625 (0.072 to 4.805)
Small joint involv. 3 11

Large ± small vs. without

Large ± small
joint involv. 4 9

0.01 0.03 Infinite (1.570 to infinite)Without joint
involv. 6 0

Small vs. without

Small joint involv 3 11
0.002 0.006 Infinite (2.375 to infinite)Without joint

involve. 6 0

Note: cut. = cutaneous; involv. = involvement; p‑value Bonferr. = p‑value with Bonferroni correction; 95% CI =
95% confidence interval.

Regarding the correlation between the three markers and disease duration, the Spear‑
man test was used with p value correction by the Bonferroni method—none of the results
was statistically significant (Table 10).

Regarding the correlation between the three markers and SLEDAI, the Spearman test
was used again with p value correction by the Bonferroni method—none of the results was
statistically significant (Table 11).

Table 10. The correlation between the three markers and disease duration by Spearman test with p
value correction by the Bonferroni method.

Marker Disease Duration t_Statistics CorreL. Coeff. (95% CI) p‑Value Bonferr.

FGF21 Disease duration
since onset 5654.037 0.066 (−0.294 to 0.391) 1

FGF21 Disease duration
since diagnosis 5360.862 0.104 (−0.248 to 0.432) 1
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Table 10.Cont.

Marker Disease Duration t_Statistics CorreL. Coeff. (95% CI) p‑Value Bonferr.

Zonulin Disease duration
since onset 7457.769 −0.246 (−0.544 to 0.106) 1

Zonulin Disease duration
since diagnosis 6881.078 −0.150 (−0.469 to 0.204) 1

BDG Disease duration
since onset 8014.249 −0.339 (−0.611 to 0.005) 0.32

BDG Disease duration
since diagnosis 8172.693 −0.366 (−0.630 to −0.026) 0.22

Note: CorreL. coeff. = correlation coefficient; 95% CI = 95% confidence interval; p‑value Bonferr. = p‑value with
Bonferroni correction.

Figure 5. Plasma zonulin (ng/mL) estimated as median (IQR‑ interquartile range) in SLE patients
without articular involvement [15.436 (10.49–22.54575), n = 6] compared with SLE patients with small
joint involvement [5.2525 (2.973–9.7515), n = 14], with SLE patients with large joint involvement with
or without concomitant small joint involvement [2.061 (1.672–4.35), n = 13], and with healthy controls
[1.973 (1.371–3.05925), n = 24]; p = 0.00046, Kruskal–Wallis test; The diamond symbol (◆) inside the
boxes indicates the median.
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Figure 6. Association between cutaneous involvement and the type of joint involvement in
SLE patients—pairwise comparisons using Fisher’s exact test with p value adjustment by the
Bonferroni method.

Table 11. The correlation between the three markers and SLEDAI by Spearman test with p value
correction by the Bonferroni method.

Marker t_Statistics CorreL. Coeff. (95% CI) p‑Value Bonferr.

FGF21 6,531,033 −0.091 (−0.421 to 0.260) 1
Zonulin 5,361,724 0.104 (−0.248 to 0.432) 1

BDG 6,539,723 −0.093 (−0.423 to 0.259) 1
Note: CorreL. coeff. = correlation coefficient; 95% CI = 95% confidence interval; p‑value Bonferr. = p‑value with
Bonferroni correction.

4. Discussion
SLE has complex multifactorial pathogenesis, with increasing evidence supporting a

contributory role for gut microbiome dysbiosis and impaired intestinal barrier integrity.
One of the novelties of the present study is the concomitant assessment of zonulin,

1,3‑BDG, and FGF21 in SLE patients, allowing a more integrated evaluation of epithelial
barrier dysfunction, fungal translocation or proliferation, and potential protective mecha‑
nisms in SLE.

Higher plasma levels of zonulin in the SLE group than in controls suggest the presence
of impaired intestinal barrier integrity, a finding that is consistent with the results reported
by other researchers [65].

Higher levels of 1,3‑BDG in the SLE group may signify either local gut fungal prolif‑
eration or fungal translocation. Since the exclusion criteria in the SLE group included a
history of infection or diarrhea within 3 months and a history of invasive fungal infection,
the most probable explanation for the increased 1,3‑BDG level is fungal translocation. Nev‑
ertheless, further studies involving direct measurements of gut fungal burden are required
to elucidate the precise cause of these elevated values in the context of SLE.

A previous study found that the 1,3‑BDG level was higher in SLE human subjects with
active lupus nephritis than in those with an inactive condition [18], suggesting that 1,3‑
BDG might affect disease severity in the case of renal involvement. Our results showed no
statistical difference between subjects with deep organ (renal/neurological) involvement
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and those without, suggesting that 1,3‑BDG may not be associated with this type of internal
organ damage.

The most notable finding of our study was that there was no significant statistical dif‑
ference in plasma zonulin levels between SLE patients with large joint involvement and
controls, while there is an increasing trend of these values in the following series: group 1
(large joint involvement) < group 2 (small joint involvement) < group 3 (no joint involve‑
ment). A potential explanation is that large joints, owing to their greater synovial surface
area and larger volume of synovial fluid, may accumulate higher levels of environmental
toxins with pro‑inflammatory properties. Although xenobiotics have been detected in joint
tissues (e.g., heavy metals [66,67], microplastics [68,69]) or even selectively accumulated by
synovial cells and chondrocytes (e.g., mercury) [70], no studies to date have compared the
abundance of these compounds between large and small joints.

However, this subgroup analysis regarding the correlation between the type of artic‑
ular involvement and plasma zonulin levels should be considered strictly exploratory, as
it is underpowered given the small size of our sample. Moreover, as joint involvement is
the most common clinical feature of SLE, present in up to 95% of patients [3], the subgroup
of patients without joint involvement is inevitably small.

The direct correlation between the articular and skin involvements in both large and
small joint groups is not unexpected, as musculoskeletal involvement is recognized as the
most common clinical manifestation (affecting up to 95% of SLE patients), while the cu‑
taneous is the second most frequent one (70–85% of SLE patients) [71]. The concomitant
damage of skin and synovium in SLE may be interpreted as a result of the simultaneous
local production of type I interferons, known to be key players in SLE pathogenesis, by
both keratinocytes and synovial stromal cells, which share a common immunological pro‑
gram [72].

Regarding FGF21, this is a stress‑inducible pleiotropic hormone secreted by the liver,
which plays key regulatory roles in several metabolic processes (e.g., energy expendi‑
ture, glucose homeostasis), targeting mainly the adipocytes and neurons [73–75]. Signif‑
icantly for our topic is that, besides its beneficial metabolic impact, FGF21 was also sug‑
gested to display some anti‑inflammatory potential in lupus nephritis [23] and rheuma‑
toid arthritis [76]. Nevertheless, our results, showing no statistical difference between
FGF21 plasma levels in SLE subjects and controls, do not provide support for a protec‑
tive role. At the same time, it does not exclude the possibility of a protective role against
lupus nephritis, given that our study group comprised patients with and without renal
involvement not confirmed as lupus nephritis with immune complex deposition through
renal histopathology.

4.1. Classical Chinese Medicine Hypothesis

The topic of channel divergence was suggested to be a “benchmark of ambiguity”
in the field of CCM, since Chapter 11 of the Divine Pivot (Líng Shū), the historical refer‑
ence, is dedicated to their concise description [60] does not offer enough information about
their therapeutics [77]. Nevertheless, there are some resurrected CCM resources, which ap‑
proached in a detailed way the topic of divergent therapeutics, originating in the lectures
of Jeffrey Yuen, a lineage holder of the 88th generation in the Jade Purity Yellow Emperor
Lao Zi tradition (Yù Qīng Huáng Lăo Pài) [32,78].

According to CCM theory, the pathogenesis of an autoimmune disease implies pro‑
gressive penetration of the CPFs from the most superficial (Wèi layer) towards the deepest
(Yuán layer) energetic layer. In the case of SLE, various types of antinuclear antibodies (e.g.,
anti‑double‑stranded (ds)DNA, anti‑ Sm nucleoprotein) are recognized as “quintessential
biomarkers of SLE” [79] and also important players in SLE pathogenesis (via immune com‑
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plexes with nuclear antigens, responsible for cell destruction, including genetic material
degradation) [80]. Moreover, there are genetic pathogenic variants associated with SLE
risk [81,82]. Within the conceptual framework of CCM, these molecular features, involv‑
ing, to some extent, genetic‑level processes—corresponding to the Yuán layer and the di‑
vergent channels—suggest that SLE is a disorder of the divergent channels.

During the evolution of a chronic disease involving divergent channels, symptomatic
phases alternate with asymptomatic (or latency) phases when pathogenic factors are held
latent in joints as long as the resources (Essence, Blood, Fluids, Qì, and Yáng) are avail‑
able [33].

Elevated serum levels of 1,3‑β‑D‑glucan observed in the SLE group may be inter‑
preted either as a marker of increased CPFs burden within the gastrointestinal tract or, in
the absence of overt fungal infection, as suggestive of translocation secondary to impaired
intestinal barrier function and disruption of protective Wei Qi activity.

Zonulin levels directly reflect intestinal permeability (“gut leakage”) and indirectly
indicate the extent of pathogen translocation through the gastrointestinal tract. This may
correspond, within the CCM framework, to a dysfunction of the protective Wei Qi at the
intestinal level and a potential involvement of the divergent channels, which are thought
to redirect pathogenic factors toward the large joints as part of a systemic response aimed
at preventing invasion of the internal organs (Zàng Fŭ).

Regarding the joint capacity to sequester the potential CPFs, there are several studies
that showed that various types of CPFs might be bioaccumulated within the synovium or
synovial fluid in case of exposure (e.g., heavy metals [83], microplastics [68]). The lym‑
phatic drainage of synovial fluids plays an important role in normal synovium [84], and
its failure was proposed to cause the progression of various rheumatological diseases (e.g.,
rheumatoid arthritis [85], osteoarthritis [86]). The abundance of the lymphatic network
was associated with the activation phase of this drainage function in articular inflamma‑
tion [87]. Interestingly, within the framework of CCM, divergent channels were compared
with lymphatic vessels based on the following common characteristics:

1. Similarity in function: (a) the lymphatic system can evacuate pathogens from the
blood circulation through immunosurveillance and immune responses [88], similarly
with divergent channels, which can absorb CPFs from blood in case of previous bar‑
rier (Luo vessels) failure in holding the CPFs; (b) the lymphatic system displays a
homeostatic role by removing pro‑inflammatory agents into lymphatic nodes, de‑
laying the aggravation of the disease [88], similarly with divergent channels, which
act as a buffer between pathogens and internal organs, maintaining the disease in a
latent stage;

2. Directional upward energetic flow;
3. Connections with large joints, passage through the chest or throat—areas character‑

ized by a high density of lymph nodes, and convergence at the upper part of the
body [33,54].

Given that targeting the lymphatic vessels was suggested as a potential therapeu‑
tic strategy in diseases with joint involvement [84,88,89], future integrative research may
consider whether complementary approaches derived from Chinese medicine, including
those associated with divergent channel therapy, could have any modulatory effects on
lymphatic function in the SLE context.

The observed trend toward increasing zonulin levels across the study subgroups, cou‑
pled with the finding that group 1 (large‑joint involvement) exhibited the lowest values,
comparable to those of healthy controls, may indicate that large joints have a greater po‑
tential to retain CPFs than smaller joints. In SLE patients with large‑joint involvement (sig‑
nifying divergent channel latency phase), zonulin levels remain within the normal range,
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suggesting preserved gut barrier integrity and raising the hypothesis that CPFs may be
differentially distributed and potentially sequestered within the joints. Nevertheless, this
hypothesis derived from CCM remains speculative and warrants confirmation through
longitudinal studies incorporating serial assessment of intestinal permeability, microbial
translocation, patterns of articular and deep organ involvement, and accumulation of CPFs
within joint tissues.

The direct correlation between the articular and skin involvements in both large and
small joint involvement groups is highly significant from a Chinese medical perspective.

It may reflect that once the pathogen factor is diverted by divergent channels towards
the joints and held latent in the articular area, there is a higher probability for activation
of the sinew channels in the body’s attempt to eliminate the pathogen towards a more
superficial energetic level (Wèi layer, which is occupied by the sinew channels), a process
that may be associated with dermatological manifestations [32,33]. The functional coupling
between divergent channels and sinew channels is possible due to the characteristic of
divergent channels to support a protective layer (Wèi layer) by sending outward Yuán Qi
from the constitutional layer (Yuán layer) [54].

4.2. Limitations of the Present Study

There are several limitations of the present study, one of the most important being
the cross‑sectional design of the study. Thus, the present findings should be interpreted
as hypothesis‑generating rather than as evidence of causality between gut leakage and
SLE, and also between gut leakage and stages of pathogen invasion across the various
energetic layers.

The Chinese concept of active pathogen sequestration in joints through divergent
channel activation is also not supported by the present associative cross‑sectional data.

Another major objective limitation is that the actual basis of the divergent channels
and their relationship to the anatomical structures (e.g., lymphatic tissue), cellular and
molecular aspects are still unknown and yet to be evaluated and better understood by con‑
ventional scientists. Therefore, the proposed biological correspondence between divergent
channels and immunological pathways needs to be confirmed by further studies.

Another important limitation of the present study is the relatively small sample size.
Moreover, the inclusion of multiple potential confounding factors that may influence
plasma levels of zonulin and 1,3 BDG (including type of medication used, disease activity,
dietary factors beyond the standardized fasting period, and metabolic variables) was not
feasible from a statistical point of view, due to the limited sample. Consequently, future
investigations, including larger cohorts and more comprehensive statistical analyses, are
warranted to confirm the present findings and strengthen the reliability and translational
significance of the results.

Additional limitations include the lack of newly diagnosed SLE patients and the fact
that plasma zonulin levels do not exclusively reflect intestinal permeability, being influ‑
enced by several other factors.

There are also some recent concerns regarding potential analytical limitations of com‑
mercially available ELISA kits for zonulin measurement, which may lack sufficient sensi‑
tivity and may exhibit cross‑reactivity with complement‑related proteins [90]. Although
median serum C3 levels were within the low‑normal range, median C4 levels were reduced
when compared with the commonly accepted reference [91]. Nevertheless, the reported
analytical cross‑reactivity has been described for complement C3, but not for C4 [90]. Thus,
the reduced C4 values do not represent a directly demonstrated source of assay cross‑
reactivity. Hypocomplementemia in SLE subjects may falsely accentuate the differences
between the SLE subjects and controls, but taking into account the C3 values in our SLE
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subjects, we estimate that this error was minimized. Further comparative studies evaluat‑
ing zonulin measurements obtained using different commercially available ELISA kits are
needed to determine the extent to which kit selection influences the results.

Therefore, in light of these considerations, our findings should be interpreted with
caution, as the proposed interpretation remains hypothetical and requires
further validation.

5. Conclusions
SLE patients have higher levels of plasma zonulin and 1,3‑BDG than healthy subjects,

indicating impaired intestinal barrier and potential fungal translocation or gut prolifera‑
tion.

Within the framework of CCM, plasma zonulin may be a candidate for the biomark‑
ers of the latency phase in SLE (lower levels of plasma zonulin, higher degree of disease
latency, and, therefore, higher involvement of divergent channels). However, larger stud‑
ies with a longitudinal design are needed to confirm this hypothesis.

The observed increasing trend in plasma zonulin levels across the study groups—
group 1 (large‑joint involvement) < group 2 (small‑joint involvement) < group 3 (no joint
involvement)—should be interpreted with caution and further investigated through direct
assessments of CPFs burden within affected joints to determine whether larger joints (due
to their connection with divergent channels) might have a greater capacity to sequester
CPFs than smaller joints.

A statistically significant correlation between articular and cutaneous involvement
may, within the framework of CCM, indicate that the engagement of divergent channels is
possibly associated with an increased likelihood of sinew channel activation as a potential
mechanism of pathogen evacuation.

We emphasize that our integrative interpretations, based on both biomedicine and
CCM, are speculative and should be regarded as hypothesis‑generating. Our study should
be considered a pilot study aimed at exploring the potential of this research direction, with
the specific objective of identifying parameters worthy of investigation in order to formu‑
late a clear and concise testable biomedical hypothesis for a subsequent, larger‑scale study.

The causal relationship between increased intestinal permeability (“leaky gut”) and
SLE, as well as its association with varying degrees of pathogenic progression across the
bodily energetic layers, should be rigorously assessed in further prospective studies. Ad‑
ditionally, such investigations are needed to clarify the potential significance of articular
involvement as a clinical landmark of latency of divergent channel pathology in SLE.

With a deeper understanding of the divergent channels system involvement in au‑
toimmune diseases, such as SLE, new integrative therapeutic strategies with better results
may evolve, especially in chronic unresponsive conditions.
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