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Abstract
Background: Sjogren's Syndrome (SS) is a complex autoimmune disease influenced by genetics, yet its genetic 

underpinnings remain elusive. This study investigates the genetic correlation and potential causative link between 
cytokine cycling levels and SS.

Methods: Genome-Wide Association Studies (GWAS) were conducted with 8,293 and 14,824 European 
participants to identify cytokines. The GWAS dataset for SS, comprising 368,028 individuals of European ancestry 
(2,495 cases and 365,533 controls), was sourced from the Finnish biological sample library. Single Nucleotide 
Polymorphisms (SNPs) associated with SS were identified using Linkage Disequilibrium Score (LDSC) regression 
for Mendelian Randomization (MR) analysis. The Inverse Variance Weighted (IVW) method was the primary 
analytical approach. Additional methods including MR Egger, weighted median, and weighted mode were employed 
for robustness assessment. Heterogeneity testing, horizontal pleiotropy testing and steiger testing were conducted 
for sensitivity analysis. Reverse MR analysis was performed to assess the potential for a reverse causal relationship 
between SS and cytokines.

Results: LDSC regression analysis identified 46 cytokines for bidirectional MR analysis with SS. The IVW 
method revealed significant associations of genetically predicted cytokines IL10RB (P=0.019, OR=1.138, 95% CI: 
1.021-1.267) and CXCL11 (P=0.015, OR=1.269, 95% CI: 1.048-1.537) with increased SS risk. The absence of 
heterogeneity and horizontal pleiotropy in sensitivity analysis underscores the robustness of these findings.

Conclusion: The study suggests a potential causal relationship between genetically predicted cytokines and 
SS, particularly through IL10RB and CXCL11 cycles. Further research is warranted to elucidate the biological 
mechanisms by which cytokine cycling levels influence SS.
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Highlights
• Genetic evidence suggests a causal relationship between 

cytokines and Sjogren's syndrome.

• Linkage disequilibrium score regression analysis revealed a 
causal association between cytokines and Sjogren's syndrome.

• The circulating levels of IL10RB and CXCL11 are risk factors 
for the onset of Sjogren's syndrome.

Introduction
Sjogren's Syndrome (SS) is a chronic autoimmune disorder marked 

by T and B cell dysfunction and lymphocyte infiltration, causing 
damage to various organs. It frequently affects secretory glands, 
musculoskeletal, respiratory and blood systems [1,2]. The prevalence 
of SS, influenced by environmental, gender, and genetic factors, ranges 
from 0.1% to 4.8% globally [3-5]. SS is associated with an increased 
risk of cardiovascular disease, adverse pregnancy outcomes, and 
cancer [6-9], posing significant health and safety concerns. Current 

understanding of SS pathogenesis remains limited, and treatment 
primarily involves symptomatic relief, lacking curative options [10]. 
Investigating the pathogenic factors of SS could offer new perspectives 
for its management.

Cytokines, encompassing Interleukins (IL), Tumor Necrosis Factors 
(TNF), and growth factors, are critical in signal transduction and 

The link between SS and cytokines is well-established [13,14]. Being an 
autoimmune disease, SS's pathogenesis involves immune cells regulated 
by cytokines in their development and function [15]. Research indicates 
cytokines contribute to SS pathogenesis through pathways including 
cell differentiation, apoptosis signaling, immune response regulation, 
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immune regulation via autocrine and paracrine mechanisms [11,12]. 
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and epigenetic mechanisms. This leads to immune cell dysregulation, 
inflammatory responses, and abnormal B cell-mediated lymph node 
proliferation [16-18]. However, the specific impact of cytokines on SS 
pathogenesis and identifying the influential cytokines require further 
exploration.

A whole Genome Wide Association Study (GWAS) is an approach 
used to investigate and validate the relationship between genetic 
variation and specific traits or diseases using extensive gene datasets 
[19]. Linkage Disequilibrium Score (LDSC) regression is widely 
employed in GWAS to assess the genetic correlation between genes 
and disease activity, offering robust evidence for GWAS findings [20]. 
Mendelian Randomization (MR) is an epidemiological technique that 
utilizes GWAS comprising Single Nucleotide Polymorphisms (SNPs) 
as genetic Instrumental Variables (IV) to elucidate complex causal 
relationships between genes and diseases or traits [21,22]. The random 
allocation of these genetic variations during gestation minimizes the 
effects of confounding factors and reverses causality, enhancing the 
reliability of results. MR adheres to the principle of "single gene, single 
phenotype," bolstering the credibility of research findings [23]. Over 
100 GWAS datasets exist for cytokines and a substantial sample size for 
SS [3,24,25], yet MR studies examining the causal relationship between 
cytokines and SS are scarce.

Therefore, this study aims to utilize public GWAS data, integrating 
LDSC regression and bidirectional MR analysis, to explore the 
correlation between cytokine cycling levels and SS. This approach may 
provide novel insights into the impact of cytokine cycling levels on SS.

Materials and Methods

Study design

Figure 1 illustrates the study's design. Initially, LDSC regression 
analysis is used to identify the genetic contribution of SNPs to 
cytokines and SS. Subsequently, bidirectional MR analysis on cytokines 
and SS was conducted to investigate their causal relationship. Data for 
this study was sourced from a public database, negating the need for 
additional ethical approval.

Figure 1: The overall design of this study.

GWAS data source for cytokines

The GWAS dataset for 41 cytokines was derived from 8, 293 Finnish 
subjects (aged 25 to 74) between 1997 and 2002 [24]; data for 91 cytokines 
came from 11 cohorts comprising 14,824 participants of European 
ancestry (25). Instrumental Variable (IV) SNPs were selected based on 
significant correlation with cytokines (P<5 × 10^-6) and independence 
criteria (r^2<0.001 within 10 Mb). Accordingly, 104 cytokine-related SNPs 
totaling 1,677 were retained (Supplementary Table 1).

GWAS data source for Sjogren's syndrome

The GWAS dataset for SS included 368,028 individuals (2,495 cases 
and 365,533 controls) of European ancestry from the Finnish biological 
sample library. SS diagnoses were obtained using ICD-10 diagnostic 
codes [26]. Following screening, 18 SNPs significantly correlated with 
SS were identified as independent IVs (P<5 × 10^-6, r^2<0.001 within 
10 Mb) (Supplementary Table 2). Reverse MR analysis utilizing these 
SNPs was conducted to assess potential causality between SS and 
cytokine cycling levels.

LDSC regression analysis

Linkage Disequilibrium (LD) score quantifies the extent of LD 
association between SNPs and adjacent SNPs. LDSC, a prevalent 
method in GWAS and MR analysis, evaluates genetic correlation 
between complex diseases and traits based on LD [27,28]. In this study, 
the LDSC regression analysis threshold was set at P<0.05 to investigate 
the genetic correlation between cytokines and SS. The final GWAS 
data for SS met this criterion, identifying 46 candidate cytokines for 
subsequent MR analysis (Supplementary Table 3).

Instrumental variable selection

The selection of IVs involved identifying SNPs with significant 
genetic correlation and independence (r2<0.001 within 10 Mb) from 
exposure factors, as per LDSC regression analysis. Forward MR analysis 
identified 829 independent SNPs from 46 cytokine GWAS studies 
as IVs (Supplementary Table 4), while reverse MR analysis utilized 18 
independent SNPs from SS GWAS studies as IVs (Supplementary Table 2).

Mendelian randomization analysis

Bidirectional MR analyses were performed using the "two sample 
MR" software package. The Inverse Variance Weighting (IVW) method 
was employed as the primary, more accurate, and unbiased analysis 
approach. Supplementary methods, including MR Egger, weighted 
median, and weighted mode, were utilized to test the robustness of the 
results [29]. The Steiger test (P<0.05) helped ascertain the correctness 
of the research direction. To explore a causal relationship between SS 
and cytokine cycling levels, Steiger tests and reverse MR analysis were 
also conducted.

MR analysis adheres to three key assumptions, outlined in step 
2 of Figure 1, depicting the fundamental principles of MR. First; the 
IV SNPs must exhibit significant correlation with cytokines. This was 
assessed using F-statistics, where a value greater than 10 indicates 
sufficient IV strength for robust results [21,22,30]. The F-statistic is  
calculated as follows:

225.
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precise evaluation of the causal relationship.

Results

MR analysis of the association between cytokines and 
Sjogren's syndrome 

In the MR analysis investigating the causal relationship between 
46 cytokines and SS, suggestive causal associations were observed 
using the Inverse Variance Weighted (IVW) method (Supplementary 
Table 5). A positive causal relationship was identified for cytokines 
CD5 (P=0.015, OR=1.245, 95% CI: 1.043-1.486), CXCL11 (P=0.003, 
OR=1.293, 95% CI: 1.089-1.536), and IL10RB (P=0.019, OR=1.138, 
95% CI: 1.021-1.267) with SS. An examination of SNPs related to 
these cytokines on the phenoscanner website helped to further 
exclude potential pleiotropy. It was discovered that CD5 (rs3184504, 
rs4939490) and CXCL11 (rs10733789, rs3184504) are linked to three 
SNPs associated with other traits (Table 1). After removing these 
pleiotropic SNPs, a subsequent MR analysis revealed the associations 
for IL10RB and CXCL11 (P=0.015, OR=1.269, 95% CI: 1.048-1.537) 
remained consistent, whereas CD5 (P=0.506) showed no causal link to 
SS risk upon exclusion of potential pleiotropy (Table 2).

Among them, N represents the number of samples in the GWAS 
study, K represents the number of SNPs, and MAF represents minor 
allel frequency, β represents the effect size of SNP on exposure, and 
SD represents the Standard Deviation. The F-statistic of SNP used in 
this study ranges from 18 to 1510, indicating that the IVs used are 
sufficiently powerful.

Second, the chosen IVs should be independent of confounding 

the exposure factors. Sensitivity analysis on these hypotheses included 
forest maps and Leave-One-Out (LOO) analyses to assess SNP impacts 
on outcomes. Heterogeneity testing, MR Egger level pleiotropy testing, 
and MRPRESSO testing were also performed. A Cochran Q test value 
greater than 0.05 indicates no heterogeneity, while consistent MR Egger 
intercept values and MRPRESSO results above 0.05 suggest the absence 
of level pleiotropy in SNPs.

In the concluding phase of the MR analysis, a causal association 
between cytokine SNPs and SS was established. This finding was 
further scrutinized using the phenoscanner website (http://www.
phenoscanner.medschl.cam.ac.uk/). A subsequent MR analysis was 
conducted, excluding SNPs not directly related to SS or potentially 
exhibiting horizontal pleiotropy. This refined approach ensured a more 

SNPs Pleiotropic trait P PMID

rs3184504

Juvenile idiopathic arthritis including 
oligoarticular and rheumatoid factor 

negative polyarticular JIA
2.60E-09 23603761

Primary biliary cirrhosis 1.11E-08 22961000

Rheumatoid arthritis and celiac disease 1.40E-11 21383967

Lymphocyte count 6.93E-134 27863252

Type 1 diabetes 3.00E-27 19430480

White blood cell count 9.00E-70 27863252

Inflammatory bowel disease 1.00E-09 26192919

rs10733789

Myeloid white cell count 7.80E-13 27863252

White blood cell count 4.91E-12 27863252

Platelet count 2.96E-70 27863252

rs4939490 Multiple sclerosis 1.00E-09 21244703

Table 1: Details of the genetic variants with potential pleiotropy among instrumental variables used for Sjogren's syndrome.

Cytokine nSNPs Methods P OR 95% CI

CD5 17

Inverse variance weighted 0.506 1.073 0.872-1.321

MR Egger 0.881 0.96 0.571-1.616

Weighted median 0.535 1.095 0.823-1.457

Weighted mode 0.721 1.09 0.685-1.733

CXCL11 20

Inverse variance weighted 0.015 1.269 1.048-1.537

MR Egger 0.814 1.058 0.669-1.673

Weighted median 0.167 1.222 0.919-1.625

Weighted mode 0.227 1.21 0.897-1.634

Table 2: MR analysis of genetic variation SNPs with potential pleiotropy excluded.

Mendelian Randomization Study. Diagnos Pathol Open 9:225.
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Figure 2: Forest map and Leave-One-Out map of the association between IL10RB and CXCL11 and Sjogren's syndrome. A and C depict forest maps for CXCL11 
and IL10RB, respectively, illustrating the effect sizes and 95% confidence intervals of SNPs using MR–Egger’s or IVW methods; B and D represent LOO plots for 
CXCL11 and IL10RB, displaying the impact of excluding one SNP at a time from the overall instrumental variable analysis using the IVW method.

and MRPRESSO testing (CXCL11 P=0.657, IL10RB with no outlier 
SNP exhibiting level pleiotropy, hence data not shown) did not detect 
level pleiotropy (Supplementary Table 6). Additionally, the Steiger test 
confirmed the validity of the research direction (Supplementary Table 
7).

In sensitivity analysis, excluding pleiotropic SNPs, the forest and 
Leave-One-Out (LOO) maps indicated no significant impact of SNP 
absence on the outcomes (Figure 2). Heterogeneity testing found no 
evidence of heterogeneity (IL10RB Q-Pval=0.470, CXCL11 Q=0.604). 
MR Egger level pleiotropy testing (IL10RB P=0.090, CXCL11 P=0.402) 

Mendelian Randomization Study. Diagnos Pathol Open 9:225.
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receptors (IL-10RA and IL-10RB) [40]. While numerous studies have 
focused on IL-10 and SS [41,42], the specific relationship between IL-
10RB and SS has not been extensively reported. Elevated IL-10 levels in 
SS patients' serum, particularly in those with liver involvement, have 
been documented [43]. Additionally, a positive correlation between 
IL-10 levels and autoantibodies has been observed [44], suggesting a 
significant link between IL-10 and SS.

IL-10RB is crucial for the IL-10 induced signal transduction, acting 
as a necessary auxiliary chain in the active IL-10 receptor complex. IL-
10 stimulation of B cells and T helper cell 2 (Th2) cells may lead to 
autoantibody production. IL-10RB interacts with IL-10 through the 
JAK-STAT pathway, where IL-10 receptor complex activation results 
in transcription factor signal transduction and phosphorylation of 
transcription activating factor STAT3. This mediation of IL-10 functions 
could impact multiple factor interactions and signal transductions, 
potentially disrupting immune homeostasis and contributing to various 
immune diseases [45,46].

In studies examining IL-10RB's role in other conditions, its 
pleiotropic nature has been highlighted. For instance, blocking IL-10RB 
in allergic asthma was found to affect STAT3 phosphorylation, reducing 
allergic airway inflammation [47]. In synovial tissue of Rheumatoid 
Arthritis (RA) rabbits, elevated IL-10RB and abnormal activation of the 
JAK-STAT pathway were observed, with IL-22R expression in the L-10 
family increasing and IL-10RB expression decreasing after treatment, 
mitigating synovial inflammation [48]. 

These findings underscore IL-10RB's multifaceted roles and warrant 
further investigation into its association with SS. Our MR analysis identified 
a positive correlation between IL-10RB and SS risk. Given the reported 
close relationship between JAK-STAT and SS development [49,50], the 
potential role of abnormal IL-10RB expression and mediation of JAK-
STAT pathway activation in SS pathogenesis merits in-depth exploration.

To the best of our knowledge, this study is the inaugural one 
to establish a genetic causal relationship between cytokines and 
Sjogren's Syndrome (SS) using extensive Genome-Wide Association 
Study (GWAS) data. The considerable reduction in lifestyle and 
environmental factor impacts lends enhanced reliability to the results. 
Additionally, the genetic correlation between cytokines and SS was 
further investigated through Linkage Disequilibrium Score Regression 
(LDSC) analysis, thereby strengthening the validity of our findings. 
The research suggests that variations in cytokine cycling levels might 
influence SS pathogenesis. Nonetheless, the relationship between less 
common cytokines such as IL-10RB and SS remains under-researched, 
presenting a substantial area for further study.

Despite efforts to mitigate various influencing factors, this research 
is not without limitations. The unavailability or absence of data in many 
SS GWAS datasets [3], restricted us to a single, albeit large, data source, 
potentially introducing minor biases. Additionally, the data being 
derived from a single racial group limits the generalizability of our 
findings to other populations. Consistent with other studies [51-53], 
the use of a P-value threshold of <5 × 10^-6 due to a limited number 
of SNPs may have resulted in false positives. However, the robustness 
of our results is supported by high F-statistics. Lastly, the precision of 
LDSC regression analysis could have led to the omission of certain 
cytokines potentially associated with SS.

Conclusion
In conclusion, this study identified a genetic correlation and causal 

relationship between cytokine levels (specifically IL10RB and CXCL11) 

MR analysis of the association between Sjogren's syndrome 
and cytokines

A reverse MR analysis was executed to ascertain the potential 
causal relationship between SS and cytokines. Utilizing the Inverse 
Variance Weighted (IVW) method, preliminary findings suggested 
a reverse causal association between SS and CXCL9 (P=0.015) and 
CXCL10. Further investigation for pleiotropy was conducted using the 
phenoscanner website, leading to the exclusion of three SNPs potentially 
exhibiting pleiotropy. A subsequent MR analysis, however, revealed no 
significant association between SS and cytokines (Supplementary Table 
8). The outcomes of both heterogeneity and horizontal pleiotropy tests 
were negative, confirming the absence of heterogeneity or horizontal 
pleiotropy bias in our MR findings (Supplementary Table 9).

Discussion
This MR study was designed to investigate the potential causal 

relationship between cytokine cycling levels and SS. Utilizing LDSC 
analysis, 46 cytokines were identified as genetically correlated with SS. 
These cytokines served as IVs in the MR analysis, with an additional focus 
on excluding SNPs indicative of mixed pleiotropy. The analysis provided 
suggestive evidence that genetically predicted circulating levels of IL-10RB 
and CXCL11 are associated with SS. Moreover, bidirectional MR analysis 
indicated that SS does not influence cytokine cycling levels.

Chemokines are a category of small cellular factors with molecular 
weights ranging from 8 kd-14 kd, characterized by similar basic 
structures and playing pivotal roles in immune system development, 
homeostasis, and function [31,32]. CXCL11, a member of the CXC 
chemokine family, is a low molecular weight cytokine. It induces 
chemotaxis through γ interferon, binding to CXCR3 receptors on 
activated T cells, B cells, and NK cells. This interaction influences 
immune cell migration, promotes inflammation, augments 
angiogenesis, and facilitates leukocyte exosmosis, there by playing a 
significant role in various immune-related diseases [33,34]. 

Clinical studies on CXCL11 and SS are limited. A study examining 
tear film and ocular surface in 16 SS patients and 15 controls 
reported increased CXCL11 and CXCR3 expression in SS patients 
(P<0.05), along with a rise in CD4 (+) cell numbers [35]. Another 
immunohistochemical analysis of labial salivary glands in 22 SS patients 
showed high CXCL11 expression and CXCR3+ macrophage migration 
[36], suggesting CXCL11's involvement in SS inflammatory infiltration. 
These findings align with our MR analysis, where CXCL11 is positively 
correlated with SS risk. IFN-γ is known to exacerbate lymphocyte 
infiltration in SS salivary glands by inducing CXCL11, while inhibiting 
IFN-γ-induced CXCL11 can reduce lymphocyte infiltration and 
alleviate inflammation [37]. Animal studies have demonstrated that 
with reduced inflammation in SS mice's submandibular glands, there 
is a notable decrease in T and B lymphocytes, including activated CD4 
and CD8T cells, along with downregulation of IFN-γ, CXCR3, and 
CXCL11 expression [38]. This suggests a strong correlation between 
CXCR3 and CXCL11 expression and SS severity.

These studies collectively underscore a significant association 
between CXCL11 and SS. Further research, particularly focusing on 
mechanisms, is essential to elucidate CXCL11's specific role in SS 
development.

IL-10RB, a surface receptor for IL-10 cytokines, functions in 
inflammatory and immune regulation through the IL-10 receptor 
(IL10R) complex [39]. IL-10's anti-inflammatory and pro-
inflammatory effects vary based on its binding affinity with different 

Mendelian Randomization Study. Diagnos Pathol Open 9:225.
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