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Abstract: Amyotrophic Lateral Sclerosis (ALS) and Multiple Sclerosis (MS) are incurable degenerative
scleroses with unclear etiology. Neuroinflammation is an important factor in the neurodegenera-
tion characteristic of these diseases. Additionally, Interleukin 10 (IL10) can inhibit the synthesis
of inflammatory cytokines and plays a protective role against neurodegeneration associated with
neuroinflammation. Thus, we developed a systematic review and meta-analysis in order to clarify the
relationship between polymorphisms in the IL10 gene and MS and/or ALS. We searched for observa-
tional studies in four international databases without time restrictions. Seventeen studies were added
to the systematic review and six polymorphisms were observed: IL10-592 (rs1800872; C>A), IL10-819

(rs1800871; C>T), IL10-1082 (rs1800896; A>G), IL10-2763 (rs6693899; A>C), IL10-2849 (rs6703630; A>G)
and IL10-3575 (rs1800890; A>T). In the meta-analysis, we used odds ratio (OR) and 95% confidence
interval (CI) to evaluate the association of IL10-1082, IL10-819 and IL10-592 polymorphisms and MS. We
found a positive association of MS with the IL10-1082 SNP in genotypic comparison (AG+GG vs. AA)
(OR = 1.23; 95% CI = 1.01–1.51; p = 0.04). Our search did not find any article relating polymorphisms
in the IL10 gene with ALS. Therefore, our analysis indicates a possible association of IL10 gene SNPs
in the development and progression of MS.

Keywords: Interleukin 10; neurodegenerative diseases; polymorphisms; systematic review; meta-
analysis

1. Introduction

Amyotrophic Lateral Sclerosis (ALS) and Multiple Sclerosis (MS) are neurodegenera-
tive diseases. ALS is the most frequent of the motor neuron diseases, and it affects mostly
people over 40 years old. On the other hand, MS is often related to disability in younger
adults, affecting sensory and motor neurons. Both diseases are incurable, and together they
affect a significant portion of the population worldwide [1–3].

Advanced age seems to be the main risk factor for ALS due to natural neuronal death
associated with aging. However, the pathogenesis of ALS is influenced by environmental
factors and genetic conditions associated with neurodegeneration and oxidative stress. As
neurodegeneration progresses, the symptoms become apparent, which may include muscle
weakness, spasms, dysphagia and weight loss [1,4–6].

Similarly, MS is correlated to multiple factors, such as age, gender, ethnicity, diet and
genetics factors. MS is an autoimmune disease influenced mainly by human leukocyte
antigen (HLA) genes, characterized by inflammation and demyelination of neurons in
different parts of the central nervous system (CNS), which leads to different clinical pre-
sentations depending on the affected areas. Symptoms of MS include muscle weakness,
speech impediments, blurred vision and cognitive impairment [7–9].
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Neuroinflammation is an important factor in neurodegeneration. The constant stimuli
from inflammatory mediators can increase neuron excitability, cause cell damage and
dysfunction of the blood–brain barrier [10,11]. Thus, the neuron death that occurs in
both ALS and MS has been associated with neuroinflammation [12–14]. In both cases, the
inflammatory process is complex and involves microglial cells, astrocytes and resident
leukocytes [12,15,16].

Interleukin 10 (IL10) is a cytokine produced by a homonymous gene located at 1q32.1
that can inhibit the synthesis of inflammatory cytokines by microglial cells and plays a
protective role against neurodegeneration associated with neuroinflammation. Moreover,
IL10 was associated with greater survival of neurons and regulation of neurogenesis in
adult individuals [17].

Single nucleotide polymorphisms (SNPs) present in the promoter region of the IL10
gene are capable of negatively regulating the expression of this cytokine. This can lead
to neuroinflammation and result in neurodegeneration [14]. Therefore, IL10 is a gene
potentially associated with the risk of neurodegenerative diseases.

We hypothesized that some SNPs of the IL10 gene may confer risk for MS or ALS.
Thus, we performed a systematic review that aimed to identify polymorphisms in the
IL10 gene involved in the development of ALS or MS, to elucidate the pathophysiological
mechanisms involved and assist in the elaboration of new diagnostic and prognostic
criteria and personalized therapies. When applicable, we used meta-analysis to verify this
association.

2. Materials and Methods
2.1. PROSPERO Record and Searching Strategy

This protocol was registered in the international Prospective Register of Ongoing
Systematic Reviews (PROSPERO) with the number CRD42021284650 in 5 November 2021
following the guiding question “What are the implications of polymorphic variants in
the interleukin 10 gene in the pathological mechanisms of Amyotrophic Lateral Sclero-
sis (ALS) and Multiple Sclerosis (MS)?” Aiming at a better description of the data, we
used the Preferred Report Items for Systematic Reviews and Meta-analyses (PRISMA)
guidelines [18].

We conducted the database search between November 2021 and November 2022 in the
Virtual Health Library (VHL), PubMed/NCBI, Scientific Electronic Library Online (SciELO)
and Web of Science databases. Terms present in the Medical Subject Headings (MeSH) and
Health Sciences Descriptors (DeCS) were selected for “amyotrophic lateral sclerosis”, “mul-
tiple sclerosis”, “Interleukin 10” and “Single Nucleotide Polymorphism”. The operators
“AND” and “OR” were employed to isolate terms and expand the results found.

2.2. Study Screening, Quality Assessment and Data Extraction

We searched observational studies that investigated the involvement of IL10 SNPs in
the pathophysiology of ALS and/or MS. For inclusion criteria, we defined observational
studies in humans that address polymorphisms in the IL10 gene related to ALS and/or MS,
studies fully available online and written in English, Portuguese or Spanish. For exclusion
criteria, we defined duplicate records, studies in non-humans, SNPs in other genes and
studies with unavailable data.

We used the Rayyan® platform [19] to organize the records found and for duplicate
removal. Two independent reviewers performed the selection at all stages of the review.
Firstly, we selected studies by titles and abstracts according to predefined inclusion and
exclusion criteria. Subsequently, we read the full papers and excluded any unfitting material
according to the exclusion criteria.

The Joanna Briggs Institute (JBI) [20] critical assessment tools were applied to each
study design in order to assess the methodological quality. Only studies that responded
positively to at least 70% of the questions were included and classified as low risk of bias.
Discrepancies were resolved by consensus.
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After the final selection, we extracted the data from the articles to Excel® spreadsheets.
The following information was described: authors and year of publication; country of study;
study design; sample size; gender; average age and the genotypic and allelic frequencies
when it was possible.

2.3. Statistical Analysis

To develop the meta-analysis, the same polymorphism must be described in at least
two different studies. The calculation of the odds ratio (OR) and 95% confidence interval
(CI) was used, with the results presented in a forest plot. The ORs were evaluated in
dominant (heterozygous + mutant genotypes vs. wild) and allelic (mutant vs. wild) genetic
models for each SNP. The dominant model was preferred because it more clearly reflects the
comparison of the minor or mutant allele with the major or wild-type allele. Additionally,
we used Higgins inconsistency tests (I2) to evaluate heterogeneity between studies.

The selection of the model used in the meta-analysis was based on the results of the het-
erogeneity test among the studies. The fixed effect model (Mantel–Haenszel method) was
applied when I2 < 25% (low heterogeneity), and the random effects model (DerSimonian–
Laird method) was applied when I2 25–75% (moderate heterogeneity). Values > 75% were
defined as high heterogeneity.

For the analysis of publication bias, Egger’s regression asymmetry test was used [21],
and the results visually displayed in funnel plots. A p-value < 0.05 indicates possible
publication bias. All statistical analyses were performed using the RStudio® software
(version 4.1.0).

3. Results
3.1. Selection and Characteristics of Included Studies

We found 364 records; after removing duplicates, 248 articles remained. Subsequently,
a total of 178 articles were selected by reading the titles and abstracts. Of the 158 articles ex-
cluded for not meeting the inclusion criteria, the main exclusion reasons were (1) unrelated
to IL10; (2) unrelated to ALS or MS and; (3) wrong study design. After full-text reading,
17 articles with publication dates between 1999 and 2021 were included in this systematic
review (Figure 1).

The articles relating the presence of polymorphisms in the IL10 gene and the pro-
gression or development of ALS/MS were read completely, and we identified articles
related to MS only. Six SNPs were identified in those articles: IL10-592 (rs1800872; C>A),
IL10-819 (rs1800871; C>T), IL10-1082 (rs1800896; A>G), IL10-2763 (rs6693899; A>C), IL10-2849
(rs6703630; A>G) and IL10-3575 (rs1800890; A>T). The IL10-1082 SNP was mentioned in
16 articles, while the other most frequently mentioned polymorphisms were IL10-819
and IL10-592.

Twelve case–control studies [22–33] and two cohort articles [34,35] on the association
between IL10-1082 SNP and MS were identified. Six case–control studies [24,25,27,29–31]
and one cohort article [34] were identified for the IL10-819 SNP, and five case–control
studies [24,27,29,30,33] and one cohort [34] studies addressed the IL10-592 SNP. We also in-
cluded one review [36] and two meta-analyses [37,38] among the selected articles (Table 1).

England, Germany, Norway, Spain, Finland, Italy, Greece, Poland and India had one
study each. Five studies were performed in Iran and two in Bulgaria. Not all studies
specified the ethnicities or nationalities of their population, and all studies were about MS.
Our search did not find any article relating polymorphisms in the IL10 gene with ALS.

There was considerable variability in case sample size across studies, ranging from 55
to 336 individuals. Controls ranged from 85 to 454 subjects. The selected studies included
a total of 2396 MS cases and 2770 controls. The percentage between genders could not
be compared due to a lack of specification in some studies. However, all observational
studies reported pairing between groups. In studies with known information, the case
group showed a predominance of female patients. The mean age of MS cases ranged from
27 ± 8 to 49 ± 11.5 years.
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Figure 1. PRISMA flowchart detailing the selection of the articles included and excluded in this 
systematic review and meta-analysis. Adapted from [18]. 
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Mäurer et al. [32] 1999 Germany 181 NA NA 85 NA NA IL10-1082 
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Jong et al. [31] 2002 Iran 251 59.3 49 ± 11.5 321 47.3 39 ± 17 
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Forte et al. [28] 2006 Italy 91 NA NA 220 NA NA IL10-1082 

Figure 1. PRISMA flowchart detailing the selection of the articles included and excluded in this
systematic review and meta-analysis. Adapted from [18].

Table 1. Clinical characteristics of the 17 studies included.

Study Year Country
Multiple Sclerosis Healthy Controls

Polymorphisms
Analyzedn Female

(%)
Mean Age

(year) n Female
(%)

Mean Age
(year)

Pickard et al. [33] 1999 England 185 74.0 41.7 ± 10.6 211 NA NA IL10-592, IL10-1082

Mäurer et al. [32] 1999 Germany 181 NA NA 85 NA NA IL10-1082

Myhr et al. [34] 2002 Norway 168 64.9 NA 87 NA NA IL10-592, IL10-819, IL10-1082

Jong et al. [31] 2002 Iran 251 59.3 49 ± 11.5 321 47.3 39 ± 17 IL10-819, IL10-1082IL10-2763,
IL10-2849, IL10-3575

Doncel et al. [30] 2002 Spain 300 67.0 NA 357 NA NA IL10-592, IL10-819, IL10-1082

Luomala et al. [35] 2003 Finland 116 57.7 46 ± 10 400 NA 46 ± 10 IL10-1082

Mihailova et al. [29] 2005 Bulgaria 55 56.3 32.3 ± 9.5 86 NA NA IL10-592, IL10-819, IL10-1082

Forte et al. [28] 2006 Italy 91 NA NA 220 NA NA IL10-1082

Azarpira et al. [27] 2010 Iran 110 70.9 32.2 100 51.0 33.41 IL10-592, IL10-819, IL10-1082

Nikolopoulos et al. [37] * 2011 Greece - - - - - - IL10-819, IL10-1082

Mirowska-Guzel et al.
[26] 2011 Poland 224 73.1 38.11 ± 10.94 195 66.3 40.09± 10.19 IL10-1082

Karimabad et al. [36] * 2012 Iran - - - - - - IL10-592

Shahbazi et al. [25] 2015 Iran 336 71.1 27 ± 8 454 NA 35.45 ± 6.9 IL10-819, IL10-1082

Ramakrishnan et al.
[38] * 2017 India - - - - - - IL10-592, IL10-819, IL10-1082

Al-Naseri et al. [24] 2019 Iraq 68 66.1 33.3± 2.3 158 77.8 32.7 ± 0.8 IL10-592, IL10-819, IL10-1082

Trenova et al. [23] 2020 Bulgaria 159 71.7 40.08 ± 8.48 154 77.3 39.29 ± 9.454 IL10-1082

Asgharzadeh et al. [22] 2021 Iran 152 NA 32.18 ± 6.52 242 NA 31.02 ± 7.44 IL10-1082

* Review/meta-analyses. NA = Not available.
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3.2. Results of Individual Studies

In summary, most studies showed an association between IL10 polymorphisms and
progression or susceptibility to MS. Mirowska-Guzel et al. [26], Mäurer et al. [32], Azarpira
et al. [27], Pickard et al. [33], Myhr et al. [34] and Forte et al. [28] found no significant
association for alleles or genotypes with the development of MS (p > 0.05). Data from
Doncel et al. [30] indicate that IL10 is not a major susceptibility locus in MS but can have a
minor role in the development of the disease.

However, Jong et al. [31] revealed that carrying the A allele for the IL10-2849 SNP is
significantly associated with susceptibility for relapse–onset MS among non-HLA-DR2
carriers, providing further evidence that IL10 polymorphisms can be associated with MS
susceptibility. Furthermore, Al-Naseri et al. [24] reported a significantly increased frequency
of CC genotype (IL10-592 SNP) in patients and demonstrated that the G (IL10-1082), C
(IL10-819) and C (IL10-592) haplotypes were associated with increased risk to develop MS.

Mihailova et al. [29] found an association of CC (IL10-819 SNP) genotype and discussed
the possibility that both SNPs (IL10-592 and IL10-819) play a role in MS susceptibility. Shah-
bazi et al. [25] found the same association; the CC (IL10-819 SNP) genotype was significantly
more frequent among MS patients compared to controls and was associated with a higher
risk of developing the disease.

Shahbazi et al. [25] also showed that the GG (IL10-1082 SNP) genotype and the HLA-
DRB1*15 allele were associated with susceptibility to MS. The polymorphisms studied were
not associated with MS susceptibility in the article by Luomala et al. [35]; however, the
results suggest that IL10 production levels may be a factor in the progression of MS. The
AG genotype of the IL10-1082 polymorphism discussed by the authors is known to produce
low levels of IL10.

Trenova et al. [23] reported that the AA genotype (SNP IL10-1082) may be a risk factor
for susceptibility to relapsing–remitting MS (RRMS) in Bulgarian patients and that it may be
associated with impaired cognitive functions in these patients. Data from Trenova et al. [23]
contradict those shown by Asgharzadeh et al. [22] and suggested by Al-Naseri et al. [24],
in which they identify a possible protective role of the AA genotype of IL10-1082 SNP in
MS. As shown in the study, this contradiction may be related to environmental factors and
population differences.

The data from the included studies in this review, when combined with the review
by Ramakrishnan et al. [38], revealed that the IL10-592, IL10-819 and IL10-1082 SNPs might
not be risk factors for the development of MS in Asian and Caucasian populations, and
Karimabad et al. [36] show that there is no consensus among studies on the association
between the IL10-592 SNP and MS.

3.3. Meta-Analysis

Only three of the six polymorphisms identified in this systematic review allowed
meta-analysis to be performed: IL10-592, IL10-819 and IL10-1082 SNPs, applied only for MS.
Regarding the other polymorphisms, it was not possible to reach the minimum number
of two studies. The total number of subjects identified in each SNP was 358 cases and
431 controls for IL10-592, 1177 cases and 1415 controls for IL10-819, and 2100 cases and
2714 controls for IL10-1082.

The meta-analysis for the IL10-592 SNP and MS included four studies, and the results
showed no association between the polymorphism and disease in both the genotypic
(CA+AA vs. CC) (OR = 0.80; 95% CI = 0.37–1.72; p = 0.56) and allelic comparisons (A vs. C)
(OR = 0.79; 95% CI = 0.44–1.42; p = 0.43) (Figure 2).

For the IL10-819 SNP and MS, seven studies were included, and the meta-analysis did
not demonstrate an association between the polymorphism and the disease in the genotypic
(CT+TT vs. CC) (OR = 0.88; 95% CI = 0.71–1.10; p = 0.25) and allelic comparisons (T vs. C)
(OR = 0.89; 95% CI = 0.76–1.04; p = 0.14) (Figure 3).
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Meta-analysis for the IL10-1082 SNP and MS included 13, studies and the forest plot
revealed an association between the polymorphism and the disease in the genotypic
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comparison (AG+GG vs. AA) (OR = 1.23; 95% CI = 1.01–1.51; p-value = 0.04) but not in the
allelic comparisons (G vs. A) (OR = 1.09; 95% CI = 0.98–1.21; p-value = 0.12) (Figure 4).
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Myhr et al., 2002 [34]; Pickard et al., 1999 [33]; Shahbazi et al., 2015 [25]; Trenova et al., 2020 [23].

In this meta-analysis, the OR and 95% CI were calculated using the Mantel–Haenszel
test, and the random effect model was applied for all comparisons due to the value found
in the test of heterogeneity (I2). The analysis of publication bias for all SNPs found no
significant publication bias according to funnel plot (Figure 5) and Egger’s test for allelic
(IL10-592: p = 0.8561; IL10-819: p = 0.7025; IL10-1082: p = 0.4112) and genotypic comparisons
(IL10-592: p = 0.9769; IL10-819: p = 0.1646; IL10-1082: p = 0.2883).
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4. Discussion

There is still much to learn about the mechanisms behind neurodegenerative scleroses,
as well as the influence of genetic factors on susceptibility and progression of these diseases.
IL10 secretion may vary in humans according to the genetic composition of the IL10 locus,
which may increase or decrease the serum levels of this cytokine [39,40]. Therefore, our
study sought to assess the influence of IL10 gene polymorphisms on neurodegenerative
scleroses, since polymorphisms in this gene could affect the balance of the immune system.

Neuroinflammation can cause undesirable effects, such as neuron damage, increased
neuronal excitability and dysfunction of the blood–brain barrier [10,11]. Furthermore,
this mechanism has been associated with the onset and progression of neurodegenerative
diseases, including MS, ALS, Alzheimer’s and Parkinson’s disease [12,14,41].

Thus, due to its potent anti-inflammatory effect, IL10 has a protective role against
neurodegeneration associated with neuroinflammation. Furthermore, IL10 induces the
alternative microglial activation phenotype, which secretes more IL10, neurotrophic factors
and other anti-inflammatory cytokines. In astrocytes, IL10 decreases pro-inflammatory
signaling by inducing astrocyte inactivation [42–45]. Regarding ALS, studies in murine
models (SOD1-G93A mice) show that overexpression of IL10 in microglial cells significantly
delayed disease onset and increased survival in ALS, highlighting the importance of this
cytokine in disease progression [46].

We did not find any work relating polymorphisms in the IL10 gene with ALS. However,
our data indicate that the IL10-1082 SNP is associated with MS risk. This SNP is located in
the promoter region of the IL10 gene and is possibly linked to cytokine production [47].
Of the six polymorphisms found, three (IL10-2763, IL10-2849 and IL10-3575) were described
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only by Jong et al. [31]. Therefore, the lack of studies relating these polymorphisms to the
susceptibility and progression of neurodegenerative diseases is highlighted.

Similar to our study, Nikolopoulos et al. [37] performed a meta-analysis of the IL10-1082
and IL10-819 SNPs in MS. In a recessive model, the GG genotype (IL10-1082 SNP) was associ-
ated with MS. Furthermore, they also found that the T allele (IL10-819 SNP) was associated
with decreased risk of MS (OR = 0.841). This result corroborates the association of the
AG+GG genotype of the IL10-1082 SNP with MS found in our meta-analysis. Further-
more, in our meta-analysis, thirteen studies on the IL10-1082 SNP and seven studies on the
IL10-819 SNP were included, while Nikolopoulos et al. [37] included only eight and five
for their analysis, respectively. Nikolopoulos et al. [37] also reported difficulties regarding
heterogeneity and scarcity of studies in ethnicities other than Caucasians.

Ramakrishnan et al. [38] performed another similar study, in which they found no
association between IL10-1082 SNP and MS in any of the tested genetic models. Their
findings regarding this SNP were different from ours, despite having a larger number
of included studies. On the other hand, we found heterogeneity issues in our expanded
database, which hindered our analysis.

As for the IL10-592 SNP, Ramakrishnan et al. [38] found that the AA genotype presents
an OR of 0.76 when compared to CC individuals. Our analysis also did not associate
IL10-592 SNP genotypes and alleles with MS. Ramakrishnan et al. [38] also investigated
the association between MS and the IL10-819 SNP. Their analysis indicated that the CC
genotype is negatively associated with MS risk (OR = 0.80) compared to the TT genotype,
which could represent a protective factor. Our findings revealed an OR of 0.88 for the
CT+TT genotypes, demonstrating the non-association with MS. However, the scarcity of
studies on this particular SNP is still an obstacle to any robust association, highlighting the
importance of further studies.

Trenova et al. [23] also found associations of the AG genotype of the IL10-1082 SNP and
highlighted that this genetic variant may be associated with cognitive decline in Bulgarian
patients with RRMS. Another study by Trenova et al. [48] suggest that pro-inflammatory
cytokines IL17A and TNF-alpha in combination with IL10 decrease are involved in cognitive
deterioration in RRMS, which corroborates to the hypothesis that low levels of IL10 in
serum may cause risks when associated with other factors. Polymorphisms in the IL10
gene promoter have a direct impact on the serum levels of the cytokine. Several studies
try to relate the low levels of this cytokine with the risk for several diseases and the high
production with protective factors. For example, the AA genotype of the SNP IL10-1082
(rs1800896) is recognized for its association with low serum levels of the cytokine in the
blood and has been statistically associated with the risk of prostate cancer [49].

Therefore, our meta-analysis shows an association in the genotypic comparison for the
IL10-1082 SNP (OR = 1.23) with the risk of MS. Nevertheless, our data must be interpreted
with caution. As described in the literature, it is still not possible to arrive at precise answers
due to the low number of studies in the same populations. Additionally, due to the rarity
of these neurodegenerative scleroses, research with larger samples is necessary to obtain
more precise answers.

A large number of studies would also be necessary to perform analysis by subgroups
(gender or ethnicities for example) or meta-regression, which would enable the obtaining of
lower heterogeneity between studies. In our study, one obstacle was the lack of published
data on specific characteristics of the participants, such as the exact number of males
and females genotyped in each group (Table 1). Furthermore, the dominant model was
preferred because it more clearly reflects the comparison of the minor or mutant allele with
the major or wild-type allele; however, further analyses with different models of inheritance
may clarify the relationship of SNPs with MS.

The study of genetic factors related to the susceptibility or progression of diseases
helps to create tools for precision medicine and can lead to an improved quality of life
for patients. It was not possible to fulfill the objective of verifying the relationship of
polymorphisms in the IL10 gene with ALS due to the lack of studies. However, this fact
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reveals the need for research aimed at better investigating the immunogenetic mechanisms
of ALS.

In conclusion, this systematic review and meta-analysis reveals that carriers of the
AG+GG genotype of the IL10-1082 SNP have an approximately 1.23-fold higher risk for MS.
Our results indicate that IL10 SNPs can represent susceptibility factors for MS. This study
may provide important information about the immunogenetic mechanisms related to the
susceptibility and progression of neurodegenerative diseases. Our results may contribute
to the development of therapeutic technologies for MS as well as influence future genetic
research, in addition to revealing the need for more research in ALS.
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