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Background: Cytokines act a vital role in autoimmune neuroinflammatory diseases (ANDs) with undetermined causal relationships.
Mendelian randomization (MR) analysis was performed to estimate the causal effects of circulating levels of cytokines on the risk of
ANDs.

Methods: The causal relationship between 34 circulating cytokines and 4 kinds of ANDs, including multiple sclerosis (MS),
neuromyelitis optica (NOM), chronic inflammatory demyelinating polyneuropathy (CIDP) and myasthenia gravis (MG) were explored
using four methods of MR analysis. MR-PRESSO, MR-Egger regression methods and Cochran’s Q statistic were utilized to identify
the instrumental variables (IVs) with potential pleiotropy and heterogeneity. The Bonferroni correction was used for multiple group
comparisons. P-value less than 3.68E-04 (0.05/ (34*4)) was considered statistically significant.

Results: Negative causal effects of circulating levels of interleukin (IL)-8 (OR = 0.648, 95% CI: 0.494-0.851, P = 0.002) on risk of
MS, chemokine (C—C Motif) ligand (CCL)-5 (OR = 0.295, 95% CI: 0.103-0.841, P = 0.022) and stem cell growth factor-beta (SCGF-
B) (OR = 0.745, 95% CI: 0.565-0.984, P = 0.038) on risk of CIDP, as well as positive causal effects of circulating levels of IL-2
receptor a (IL-2Ra) (OR = 1.216, 95% CI: 1.120-1.320, P = 3.20E-06) and chemokine C-X-C motif ligand (CXCL)-10 (OR = 1.404,
95% CI: 1.094-1.803, P = 0.008) on MS were observed. Nevertheless, only IL-2Ra still had a causal effect on MS after Bonferroni
correction.

Conclusion: The results identify a genetically predicted causal effect of IL-2Ra,, IL-8 and CXCL-10 on MS, CCL-5 and SCGF-f on CIDP.
Keywords: cytokines, autoimmune neuroinflammatory diseases, ANDs, causal relationship, Mendelian randomization

Introduction

Autoimmune neuroinflammatory diseases (ANDs) are a type of diseases characterized with the mistaken attack on its
own nervous system by the immune system, leading to inevitable damage to the structure and function.' Excessive
inflammation, immune dysregulation, and immune over activity are the three major features.! Compared with other well-
known neuroinflammatory disorders such as Alzheimer’s disease and Parkinson’s disease, defects in self-tolerance
resulting in autoimmunity make ANDs to be unique.” ANDs have a wide range of injuries as well as complex and
diverse clinical manifestations, which can extensively affect the central nervous system (CNS), peripheral nervous
system (PNS), and the neuromuscular junction (NMJ), resulting in neuronal or axonal damage, demyelination, nerve-
muscle junction damage and other pathological changes. The representatives of ANDs in the CNS, PNS and NMJ are
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multiple sclerosis (MS) and neuromyelitis optica (NOM), Guillain—Barré syndrome (GBS) and chronic inflammatory
demyelinating polyneuropathy (CIDP), as well as myasthenia gravis (MG), respectively.’

ANDs have a serious impact on the quality of life of patients, making it crucial to understand their pathogenic
mechanisms and search for new treatment methods. Cytokines play a key role in the pathogenesis of ANDs, involving
important neural processes such as neuronal endocrine function, neurotransmitter metabolism, and neural plasticity.'=**
Previous observational studies also have demonstrated increased circulating levels of some cytokines such as interleukin
(IL)-2 in GBS, CIDP, MG and active MS patients,” interferon (IFN)-y, tumor necrosis factor (TNF)-a, IL-1, IL-6 and IL-
17 in MS and MG patients, IL-22 in MS patients,6 IL-1B, IL-6, IL-17, and IL-19 in CIDP p.atients,l’2 as well as decreased
IL-10 in MS and MG patients.’

Despite the observed association between cytokines and ANDs in existing research, there are several shortcomings.
Firstly, the limited sample size of existing observational studies focuses on a few cytokines or specific types of ANDs
issues, and may be influenced by confounding factors.* Secondly, investigating the specific role of cytokines in the
pathogenesis of ANDs also faces challenges, primarily due to the confounding effects of reverse causation bias. Reverse
causation bias suggests that ANDs may be a cause of inflammation, rather than just a consequence, making it extremely
difficult to determine the exact role of cytokines in the pathogenesis of ANDs.

Fortunately, Mendelian randomization (MR) methods, as an emerging approach, may offer better solutions. It uses
genetic variations that influence exposure as instrumental variables (IVs) to assess the causal relationship between
exposure and outcomes. Given that the alleles are randomly allocated at conception, they are not influenced by
confounding factors and the state of diseases. MR could lessen the confounding effects from environmental factors
and avoid reverse causal bias by using genetic variants as IV.>

Three MR studies have explored the causal effects of some circulating levels of cytokines on the risk of MS.”” These
three studies assessed the causal association between five growth factors, six interleukins and the IL-6 signaling regulated
by body mass index (BMI) with MS. However, the circulating cytokine factors analyzed in these studies were not
comprehensive enough. There is also a lack of MR studies on the causal association between circulating cytokines and
the other three ANDs, including NOM, GBS, CIDP and MG. Therefore, further MR studies encompassing a wider array
of circulating cytokines and different ADs are necessary to gain a more comprehensive understanding of cytokine roles in
various types of ADS, identify more potential causal relationships, and explore the molecular basis of cytokine regulatory
mechanisms.

Herein, in order to comprehensively estimate the causal relation between circulating cytokines levels and ANDs, two-
sample MR analyses were performed. Given the availability of GWAS data, genetic variants associated with thirty-four
circulating cytokines as IVs were utilized to improve the inference for the possible influences of cytokines on the risk of
four ANDs including MS, NOM, CIDP and MG.

Materials and Methods

Study Design

MR analysis is a statistical method used to assess causal relationships, often in observational data. It uses genetic
variations that influence exposure as IVs to assess the causal relationship between exposure and outcomes. One
advantage of MR analysis is that it can reduce biases caused by confounding factors and reverse causation, as genetic
variations are generally not influenced by environmental or behavioral factors.>® MR studies will help address the current
challenges in researching the relationship between circulating cytokines and different ANDs, enabling more precise
investigation of direct causal associations between circulating cytokines and various ANDs.

Two-sample MR (TSMR) was utilized to investigate whether levels of thirty-four circulating cytokines are causally
associated with risk of ANDs (including MS, NOM, CIDP and MG) in European populations. TSMR identifies IVs with
a high genetic risk for high circulating levels of cytokines from genome-wide summary data and further explores their
causal relationships with ANDs in another sample. The summary data were from published studies and had obtained

institutional review committee.
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Data Source

The largest publicly available genome-wide association study (GWAS) including as many as 8293 participants was used
for extracting IVs of these thirty-four circulating cytokines (Table 1).'® The cytokine GWAS has been adjusted for age,
sex and body mass index (Supplementary Tables 1 and 2).

Genome-wide summary data based on 47,429 cases and 68,374 controls from the European population for MS were obtained
from the International MS Genetics Consortium (Supplementary Table 1).!" The NMO-related GWAS data were retrieved from
the recently and largest available NMO GWAS meta-analysis, which including 215 NMO cases and 1244 controls
(Supplementary Table 1).'? Genetic associations of CIDP were generated from 456,348 European ancestry individuals from

UK Biobank using fast genome-wide association-generalized linear mixed model and were obtained from Catalog
(Supplementary Table 1)."* The GWAS data based on 232 cases and 217,056 controls of MG were from IEU GWAS pipeline
(https://gwas.mrcieu.ac.uk/datasets/finn-b-G6 MYASTHENIA/) (Supplementary Table 1).

IVs Selection
To guarantee that the result was viable and undisturbed, we screened SNPs having significant association with exposure
elements from the exposure GWAS (P<5 x 10°®), deleted SNPs with minor allele frequency (MAF <0.01), conducted

Table | The Thirty-Four Circulating Cytokines Included in This Study

Abbreviation Full Name N

bNGF Beta nerve growth factor 3531
CCL-2 (MCPI) Monocyte chemotactic protein | 8293
CCL-4 (MIP1b) Macrophage inflammatory protein-1b 8243
CCL-5 (RANTES) | Regulated on Activation, Normal T Cell Expressed and Secreted | 3421
CCL-7 (MCP3) Monocyte specific chemokine 3 843
CCL-1 I (Eotaxin) Eotaxin 8153
CCL-27 (CTACK) Cutaneous T-cell attracting 3631
CXCL-I (GROa) Growth regulated oncogene-alpha 3505
CXCL-9 (MIG) Monokine induced by interferon- gamma 3685
CXCL-10 (IP10) Interferon gamma-induced protein 10 3685
HGF Hepatocyte growth factor 8292
IFNg Interferon-gamma 7701
IL-1Ra Interleukin-1 receptor antagonist 3638
IL-2 Interleukin-2 3475
IL-2Ra Interleukin-2 receptor alpha 3677
IL-4 Interleukin-4 8124
IL-5 Interleukin-5 3364
IL-6 Interleukin-6 8189
IL-7 Interleukin-7 3409
IL-8 Interleukin-8 3526
IL-9 Interleukin-9 3634
IL-10 Interleukin-10 7681
ILI12p70 Interleukin-12p70 8270
IL-13 Interleukin-13 3557
IL-16 Interleukin-16 3483
IL-17 Interleukin-17 7760
IL-18 Interleukin-18 3636
MCSF Macrophage colony-stimulating factor 840
PDGFBB Platelet derived growth factor BB 8293
SCF Stem cell factor 8290
SCGF-B Stem cell growth factor-beta 3682
TNF-B Tumor necrosis factor-beta 1559
TRAIL TNF-related apoptosis inducing ligand 8186
VEGF Vascular endothelial growth factor 7118
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clustering method (R?<0.001 within clumping distance at 10 Mkb) to erase linkage disequilibrium (LD) between SNPs.
Additionally, we simultaneously assessed potential pleiotropy in instrumental variables (IVs) using two methods: MR
Pleiotropy RESidual Sum and Outlier (MR-PRESSO) and MR-Egger regression techniques. MR-PRESSO not only
detects horizontal pleiotropy but also identifies outliers among the IVs.'* When the P-values for MR-PRESSO and MR-
Egger are less than or equal to 0.05, it indicates the presence of pleiotropic IVs. After removing any anomalous values,
we iteratively conducted MR-PRESSO and MR-Egger tests until no horizontal pleiotropy was detected in any IV.
Additionally, Cochran’s Q statistic was utilized to measure the level of heterogeneity across all IVs. When the P-value of
the O-test is greater than 0.05, it indicates the absence of heterogeneous IVs.'”

At the genome wide significant threshold P < 5 x 10, twenty-six cytokines were found to have at least one SNP
useable in our study, while eight cytokines had no useable SNP; therefore, we changed the threshold to P < 5 x 1077 for
the eight cytokines. The screened SNPs were paired from outcome GWAS, and if SNP cannot be searched in outcome
data or was identified as a palindrome SNP, its proxy SNP with high LD (r*>0.8) take its place. Finally, the remaining
SNPs after the elimination of outlier SNPs were used as the final IV. The information of the IVs is listed in
Supplementary Table 2.

Mendelian Randomization Analysis

The total causal effects of cytokines on ANDs were estimated using univariable TSMR. This study utilized five methods
for MR analysis. When only one IV was present, the analysis employed the Wald ratio method. With two IVs, the
analysis is switched to the Inverse-Variance-Weighted (IVW) method. For cases with more than two IVs, four
complementary methods were employed: MR Egger, Weighted Median, Weighted Mode, and IVW, with IVW serving
as the primary basis for interpreting results.'® The Bonferroni correction was applied to adjust for multiple comparisons
in our analysis. We chose a significance threshold of a = 0.05/n, where n represents the number of comparisons, to
account for the increased risk of false positives due to multiple testing.!” This correction method helps maintain the
overall Type I error rate at an acceptable level while controlling for the familywise error rate. Finally, P-value less than
3.68E-04 (0.05/(34*4)) was considered statistically significant. All statistical analyses were performed utilizing the
packages of R version 4.1.1, including “TwoSampleMR” and “MRPRESSO”.

Sensitivity Analyses

A series of sensitivity analyses was performed. Firstly, the F-statistic was employed to assess the potential bias caused by
possible weak instruments. An F-statistic less than 10 suggests the existence of weak instruments-caused bias. Secondly,
the causal effects were further calculated by the MR-Egger regression and weighted median methods. Allowing for an
unconstrained intercept, the MR-Egger regression method could estimate a robust causal effect after the adjustment of
horizontal pleiotropy. In addition, the leave-one-out analysis, in which the instruments were in turn eliminated and causal
associations between the residual SNPs and outcome were re-calculated, was performed to investigate the influence of
each IV on the outcome. Notably, the MR-Egger, weight median and leave-one-out analysis were impracticable if there
were less than three included IVs for the exposure. To evaluate whether the causal effects had comparability, the
Cochran’s Q statistic was utilized.

Results

Causal Effects of Circulating Cytokine Concentrations on Risk of MS

IVs of Circulating Cytokines on MS

For MS, 81 SNPs functioned as IVs, but 31 SNPs were not found in the MS GWAS data and lacked corresponding proxy
SNPs. In addition, some SNPs not found in GWAS data had proxy SNPs available for substitution. Specifically,
rs113010081, rs7221878, rs9472168, 1rs4253283, rs1801020, rs116924815, rs77451439, 1s9952273, rs6921438,
rs74675876 were not existed and were substituted by their proxy SNPs, rs6782522, rs7210540, rs11757903,
rs34899763, rs2731674, rs41275788, rs11875279, rs28653063, rs4513773, rs6914863. Furthermore, all IVs for MS
exhibited F-values exceeding 10, indicating the exclusion of weak instrumental variables. Detailed information regarding
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the number, inclusion, substitution, exclusion, and cumulative F-statistic of each IV for cytokine concentration is
available in Supplementary Table 2.

Circulating Cytokine Concentrations on MS

From the Wald Ratio Results, we observed a causal effect of 1 SD decrease in IL-8 content correlated with the risk of MS
(Wald Ratio: OR = 0.648, 95% CI: 0.494-0.851, P = 0.002). Additionally, causal evidence was also detected for a diverse
effect of 1 SD increase in IL-2Ra content (Wald Ratio: OR = 1.216, 95% CI: 1.120-1.320, P = 3.20E-06) and CXCL-10
content (Wald Ratio: OR = 1.404, 95% CI: 1.094-1.803, P = 0.008) (Figure 1, Supplementary Table 3, Supplementary
Figures 1-20). After Bonferroni correction, the causal effect of IL-2Ra on MS still exists, while the causal effects of IL-8

and CXCL-10 on MS disappear. The causal relationship between other circulating cytokines and the risk of MS was not
observed. For detailed MR analysis, results regarding the causal relationship between other circulating cytokines and the
risk of MS are presented in Supplementary Table 3.

Pleiotropy and Sensitivity Analysis for MS

Heterogeneity was observed among the I'Vs of CCL-2 (Q =9.549, P =0.023), CCL-11 (Q =10.102, P = 0.039), CXCL-1
(Q = 7.704, P = 0.006) and hepatocyte growth factor (HGF) (Q = 4.962, P = 0.026) regarding their impact on MS.
Pleiotropy tests indicated no outlier SNPs and no horizontal pleiotropy among IVs and outcomes. Leave-one-out analysis
demonstrated that excluding any single SNP did not affect the results (Supplementary Figures 1-20) The results of the

aforementioned analysis are listed in Supplementary Tables 3—6.

Causal Effects of Circulating Cytokine Concentrations on Risk of NMO

IVs of Circulating Cytokines on NMO

In the case of NMO, 99 SNPs were utilized IVs, but 13 SNPs were not present in the NMO GWAS data, with no
corresponding proxy SNPs available. Furthermore, although the SNPs rs58704839 and rs55876513 were not found in the
NMO GWAS data, their available proxy SNPs, rs913835 and rs1857821, were identified for substitution. Moreover, all
IVs for NMO displayed F-statistic surpassing 10, suggesting the absence of weak IVs. Detailed information of each IV
can be found in Supplementary Table 2.

Circulating Cytokine Concentrations on NMO

No causal effects of all thirty-four circulating cytokines on the risk of NMO were observed (all P>0.05) (Figure 2,
Supplementary Table 4, Supplementary Figures 1-20). From the Wald Ratio results, no causal association was found of
the concentrations of CCL-5 (Wald ratio: OR = 0.194, 95% CI: 0.021-1.843, P =0.153), CCL-7 (Wald ratio: OR = 0.559,
95% CI: 0.209-1.498, P=0.247), IL-2 (Wald ratio: OR = 0.463, 95% CI: 0.106-2.019, P = 0.305), IL-2Ra (Wald ratio:
OR = 1.002, 95% CI: 0.55-1.825, P = 0.995), IL-5 (Wald ratio: OR = 1.436, 95% CI. 0.355-5.804, P = 0.612), IL-7
(Wald ratio: OR = 1.206, 95% CI: 0.624-2.331, P = 0.578), IL-8 (Wald ratio: OR = 1.992, 95% CI: 0.315-12.617, P =
0.464) on the risk of NMO were observed. From the IVW results, no causal association was observed of the concentra-
tions of CCL-2 (IVW: OR = 1.253, 95% CI: 0.643-2.441, P = 0.508), CCL-4 (IVW: OR = 1.11, 95% CI: 0.841-1.464,
P =0.462), IL-4 (IVW: OR = 0.696, 95% CI. 0.116-4.187, P = 0.692), IL-6 (IVW: OR = 2.381, 95% CI: 0.459-12.362,
P =0.302), IL-10 IVW: OR = 1.038, 95% CI: 0.453-2.38, P = 0.930) on the risk of NMO were observed. The detailed
information from the MR analysis can be found in Supplementary Table 4.

Pleiotropy and Sensitivity Analysis for NMO

No heterogeneity was observed in IVs of all cytokines on NMO. The results of pleiotropy tests manifested that there
were no outlier SNPs and no horizontal pleiotropy among IVs and outcomes. It was indicated by leave-one-out analysis
that exclusion of any single SNP did not affect the results (Supplementary Figures 1-20). The results of the aforemen-

tioned analysis are listed in Supplementary Tables 3—6.
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Cytokines Methods Nsnp OR (95% CI) P value
bNGF Wald ratio 1 e 0.897 (0.699,1.150) 0.389
CCL-2 IVW 4 = 0.913 (0.762,1.093) 0.321
CCL—+4 IVW 13 ! 1.002 (0.949,1.058) 0.950
CCL-7 Wald ratio 1 = 1.116 (0.950,1.312) 0.181
CCL-11 IVW 5 = 0.936 (0.791,1.106) 0.435
CCL-27 IVW 4 o 1.017 (0.914,1.132) 0.759
CXCL-1 IVW 2 = 0.945 (0.788,1.132) 0.537
CXCL-9 Wald ratio 1 i 0.798 (0.627,1.015) 0.066
CXCL-10 Wald ratio 1 A 1.404 (1.094,1.803) 0.008
HGF IVW 2 f—— 0.914 (0.612,1.366) 0.661
IL-2 Wald ratio 1 H—— 1.297 (0.933,1.802) 0.121
IL-2Ra Wald ratio 1 = 1.216 (1.120,1.320) 3.20E-06
IL-4 Wald ratio 1 e 1.088 (0.722,1.640) 0.687
IL-5 Wald ratio 1 = 0.908 (0.733,1.125) 0.377
IL-6 IVW 2 A 0.611(0.271,1.376) 0.234
IL-7 Wald ratio 1 = 0.956 (0.864,1.057) 0.379
IL-8 Wald ratio 1 F—=—i 0.648 (0.494,0.851) 0.002
IL-10 IVW 2 = 0.937 (0.840,1.044) 0.237
IL12P70 IVW 3 F=d 0.966 (0.891,1.048) 0.402
IL-13 Wald ratio 1 He 1.045 (0.961,1.136) 0.305
IL-16 IVW 3 Fad 0.970 (0.901,1.044) 0.411
IL-17 Wald ratio 1 b 1.288 (0.951,1.744) 0.102
IL-18 IVW 2 e 1.009 (0.911,1.118) 0.856
MCSF Wald ratio 1 F—=— 0.864 (0.689,1.083) 0.205
PDGFBB IVW 7 = 1.017 (0.889,1.164) 0.807
SCF IVW 2 A 0.979 (0.786,1.220) 0.852
SCGF-B IVW 4 = 0.976 (0.871,1.092) 0.668
TRAIL IVW 5 = 0.988 (0.901,1.084) 0.801
VEGF IVW 8 Fodf 0.974 (0.909,1.043) 0.452
[ I I ]

(=]
(=]
W
—
—
W
[\

OR (95% CI)

Figure | MR estimate results of cytokines on MS.

Causal Effects of Circulating Cytokine Concentrations on Risk of CIDP

IVs of Circulating Cytokines on CIDP

In the case of CIDP, 108 SNPs were employed as [Vs, but 4 SNPs were missing in the CIDP GWAS data without proxy
SNPs. In CIDP GWAS data, rs135564 and rs57396456 were not existed and were replaced by their proxy SNPs, rs135562
and rs75582879. Furthermore, the F-statistic for all selected Vs surpassed 10, indicating minimal influence from weak
instruments. Supplementary Table 2 provides comprehensive details for each IV regarding cytokine concentration.

Circulating Cytokine Concentrations on CIDP

From the Wald Ratio results, a causal association was found of 1 SD decrease in concentrations of CCL-5 on the risk of CIDP
(Wald Ratio: OR=10.295,95% CI: 0.103-0.841, P=0.022). According to the results of VW, the decreased concentrations of stem
cell growth factor-beta (SCGF-f3) was also observed to influence the risk of CIDP (IVW: OR = 0.745, 95% CI: 0.565-0.984, P =
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Cytokines Methods Nsnp OR (95% CI) P value
bNGF Wald ratio 1 f 2.549 (0.595,10.925) 0.208
CCL-2 Vw 4 e 1.253 (0.643,2.441) 0.508
CCL+4 Vw 20 i 1.110 (0.841,1.464) 0.462
CCL-5 Wald ratio 1 e 0.194 (0.021,1.843) 0.153
CCL-7 Wald ratio 1 e 0.559 (0.209,1.498) 0.247
CCL-11 Vw 5 ] 1.011 (0.520,1.964) 0.975
CCL-27 vw 4 R 1.159 (0.656,2.046) 0.611
CXCL-1 vw 2 I 1.043 (0.671,1.619) 0.853
CXCL-9 Wald ratio 1 f 2.254 (0.505,10.061) 0.287
CXCL-10 Wald ratio 1 f 1.311 (0.264,6.496) 0.740
HGF vw 2 - 0.486 (0.163,1.455) 0.197
IFNg Wald ratio 1 f 0.969 (0.170,5.533) 0.972
-2 Wald ratio 1 - 0.463 (0.106,2.019) 0.305
IL—2Ra Wald ratio 1 ] 1.002 (0.550,1.825) 0.995
L4 Vw 2 f 0.696 (0.116,4.187) 0.692
IL-5 Wald ratio 1 f 1.436 (0.355,5.804) 0.612
IL-6 vw 2 f 2.381 (0.459,12.362) 0.302
-7 Wald ratio 1 e 1.206 (0.624,2.331) 0.578
L8 Wald ratio 1 f 1.992 (0.315,12.617) 0.464
IL-9 Wald ratio 1 t - 0.886 (0.245,3.197) 0.853
IL-10 vw 2 e 1.038 (0.453,2.380) 0.930
IL12P70 vw 3 P 1.103 (0.576,2.112) 0.767
IL-13 Wald ratio 1 o 1.148 (0.694,1.900) 0.591
IL-16 A 3 i 0.836 (0.510,1.370) 0.478
1L-17 Wald ratio 1 [ 0.346 (0.046,2.593) 0.301
1IL-18 VW 5 - 0.652 (0.386,1.100) 0.109
MCSF Wald ratio 1 f 0.856 (0.263,2.783) 0.796
PDGFBB Vw 6 e 0.895 (0.403,1.988) 0.786
SCF vw 2 f 2.283 (0.379,13.760) 0.368
SCGF-B vw 5 P 0.975 (0.580,1.640) 0.924
TNF-B vw 2 - 1.063 (0.692,1.634) 0.779
TRAIL vw 7 i 0.960 (0.672,1.371) 0.822
VEGF vw 8 - 1.023 (0.704,1.487) 0.905

[ T
0 1 2
OR (95% CI)

Figure 2 MR estimate results of cytokines on NMO.

0.038). However, these causal effects were not significant after Bonferroni correction, and there was insufficient evidence

supporting the causal associations between other circulating cytokines and the risk of CIDP (Figure 3, Supplementary Table 5,

Supplementary Figures 1-20). No causal association was detected between additional circulating cytokines and the risk of CIDP.

For a comprehensive overview of the MR analysis results, please refer to Supplementary Table 5.
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Cytokines Methods Nsnp OR (95% CI) P value
bNGF Wald ratio 1 1 | 1.438 (0.697,2.964) 0.326
CCL—2 IVW 4 - 0.826 (0.579,1.180) 0.293
CCL—-4 IVW 22 o 0.993 (0.842,1.171) 0.932
CCL-5 Wald ratio 1 I 0.295 (0.103,0.841) 0.022
CCL-7 Wald ratio 1 ] 0.986 (0.587,1.655) 0.956
CCL-11 IVW 5 - 0.845 (0.591,1.206) 0.353
CCL-27 IVW 4 i 1.040 (0.787,1.372) 0.784
CXCL-1 VW 2 - 0.874 (0.697,1.095) 0.242
CXCL-9 Wald ratio 1 e — 1.230 (0.564,2.682) 0.603
CXCL-10 VW 2 f { 1.112(0.343,3.612) 0.859
HGF IVW 2 f { 1.469 (0.716,3.011) 0.294
IFNg Wald ratio 1 R L e — 1.096 (0.475,2.531) 0.830
IL-1Ra Wald ratio 1 1 1.823 (0.430,7.731) 0.415
IL-2 Wald ratio 1 e 1.271 (0.602,2.683) 0.530
IL—2Ra Wald ratio 1 v 0.953 (0.691,1.314) 0.769
IL—4 IVW 2 f { 1.202 (0.463,3.122) 0.706
IL-5 Wald ratio 1 I E— 0.889 (0.428,1.847) 0.752
IL-6 Wald ratio 1 P 0.695 (0.224,2.159) 0.530
IL-7 Wald ratio 1 - 0.938 (0.661,1.331) 0.721
IL-8 Wald ratio 1 - 0.598 (0.234,1.527) 0.283
IL-9 Wald ratio 1 L 1.030 (0.527,2.015) 0.931
IL-10 VW 2 e 0.781 (0.256,2.378) 0.664
IL12P70 VW 4 i 0.979 (0.744,1.289) 0.882
IL-13 Vw 2 i 0.934 (0.715,1.218) 0.613
IL-16 VW 3 i 1.114 (0.854,1.454) 0.425
IL-17 Wald ratio 1 P 0.716 (0.246,2.089) 0.541
IL-18 IVvw 5 i 0.818 (0.548,1.220) 0.324
MCSF Wald ratio 1 I L 1.214 (0.667,2.207) 0.526
PDGFBB VW 7 . 0.976 (0.703,1.355) 0.886
SCF VW 2 I 0.944 (0.439,2.028) 0.882
SCGF-B IVw 5 i 0.745 (0.565,0.984) 0.038
TNF-B VW 2 i 1.092 (0.824,1.447) 0.538
TRAIL VW 11 o 1.030 (0.877,1.210) 0.720
VEGF VW 7 o 0.904 (0.739,1.106) 0.327
[ I I I 1
0 1 2 3 4

OR (95% CI)
Figure 3 MR estimate results of cytokines on CIDP.

Pleiotropy and Sensitivity Analysis for CIDP

Heterogeneity was found among the IVs of IL-10 (Q =9.045, P = 0.003) and CXCL-10 (Q = 4.009, P = 0.045) on CIDP.
Pleiotropy tests revealed no outlier SNPs and no horizontal pleiotropy among IVs and outcomes. Leave-one-out analysis
indicated that excluding any single SNP did not affect the results (Supplementary Figures 1-20). The results of the

aforementioned analysis are provided in Supplementary Tables 3—6.
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Causal Effects of Circulating Cytokine Concentrations on Risk of MG

IVs of Circulating Cytokines on MG

For MG, 109 SNPs acted as IVs, yet 3 SNPs were missing in the MG GWAS data without any identified proxy SNPs. In
MG GWAS data, rs58704839, rs9450351 and rs57396456 were not existed and were substituted by their proxy SNPs
rs3176820, rs9359670, and rs75582879. Moreover, all selected IVs concerning CIDP demonstrated an F-statistic
exceeding 10. Supplementary Table 2 furnishes exhaustive particulars concerning each IV pertaining to cytokine
concentration.

Circulating Cytokine Concentrations on MG

No evidence supporting the causal relationships between all thirty-four circulating cytokines and risk of MG was
revealed (all P>0.05) (Figure 4, Supplementary Table 6, Supplementary Figures 1-20). From the Wald Ratio results,
no causal association was found of the concentrations of IL-2 (Wald ratio: OR = 0.657, 95% CI: 0.180-2.407, P = 0.526),
IL-2Ra (Wald ratio: OR = 0.981, 95% CI: 0.552—1.743, P = 0.947), IL-5 (Wald ratio: OR = 0.391, 95% CI: 0.118-1.297,
P =0.125), IL-7 (Wald ratio: OR = 0.643, 95% CI: 0.365-1.131, P = 0.125), IL-8 (Wald ratio: OR = 0.399, 95% CI:
0.087-1.82, P = 0.235) on the risk of MG were observed. From the IVW results, no causal association was found of the
concentrations of CCL-2 (IVW: OR = 1.120, 95% CI: 0.479-2.618, P = 0.794), CCL-4 (IVW: OR = 0.799, 95% CI-
0.633-1.009, P = 0.060), IL-4 IVW: OR = 0.374, 95% CI: 0.074-1.892, P = 0.234), IL-6 (IVW: OR = 0.739, 95% CI:
0.133-4.109, P = 0.730), IL-10 (IVW: OR = 0.608, 95% CI: 0.332—1.113, P = 0.107) on the risk of MG were observed.
The detailed MR analysis results are presented in Supplementary Table 6.

Pleiotropy and Sensitivity Analysis for MG

No heterogeneity in IVs of all cytokines concerning MG was observed. The results of pleiotropy tests manifested that
there were no outlier SNPs and no horizontal pleiotropy among IVs and outcomes. It was indicated by leave-one-out
analysis that exclusion of any single SNP did not alter the results (Supplementary Figures 1-20). Detailed results of the

aforementioned analyses are listed in Supplementary Tables 3—6.

Discussion
As the MR results showed, the concentration of IL-8 was negatively correlated with MS, while IL-2Ra and CXCL-10
were positively correlated with MS, as well as the concentration of CCL-5 and SCGF-3 were negatively correlated with
CIDP. In particular, after the Bonferroni correction, IL-2Ra still has a causal effect on MS, which provides further
evidence supporting the association between IL-2Ra and MS.

Recently, the relationship between some circulating cytokines and MS has been extensively investigated. The
relationship between IL-2Ra and MS observed in previous observational studies was controversial. It was revealed

that the serum level of IL-2Ro was elevated in MS patients compared to controls,'® 2°

while another study found that the
level of serum IL-2Ra was not different between MS patients and controls.?' In this present study, we revealed the causal
effects of IL-2Ra on MS. The elevated serum levels of IL-2Ra observed in MS patients compared to controls could be
attributed to the dysregulated IL-2/IL-2Ra pathway, which plays a crucial role in the immune responses involved in MS
pathogenesis. The IL-2/IL-2Ra pathway is known to regulate the expansion and apoptosis of T cells, which are key
players in the immune response associated with MS.*> Additionally, differences in the methylation of the IL2Ro
promoter in T cells may contribute to the pathogenic process of MS, further highlighting the potential role of IL-2Ra
in the development of MS.** Understanding the interplay between genetic and epigenetic factors in regulating IL-2Ra
expression may provide valuable insights into the underlying mechanisms driving MS pathogenesis.

It has been revealed that the expression level of IL-8 was observed to be increased in CSF and decreased in serum of
MS patients as compared with controls.?* However, it was also proposed that the serum expression level of IL-8 and IL-8
secretion from PBMCs were higher in untreated MS patients than controls.*” In this study, before Bonferroni correction,
the concentration of IL-8 was negatively correlated with MS, suggesting that IL-8 have a weak causal association with
MS. Currently, there is no conclusive evidence to suggest that IL-8 can reduce the risk of MS, but some studies indicate
that it may play a role in immune regulation, which could affect the development of MS.?'%° IL-8 is a pro-inflammatory
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Cytokines Methods Nsnp OR (95% CI) P value
bNGF Wald ratio 1 ] 0.596 (0.172,2.063) 0.414
CCL—2 VW 4 1 1 1.120 (0.479,2.618) 0.794
CCL—4 VW 22 =] 0.799 (0.633,1.009) 0.060
CCL-5 Wald ratio 1 1 1.457 (0.348,6.111) 0.607
CCL-7 Wald ratio 1 [ m— 0.852 (0.381,1.904) 0.696
CCL-11 VW 5 ] 0.739 (0.419,1.302) 0.295
CCL-27 VW 4 e 1.009 (0.630,1.615) 0.972
CXCL-1 VW 2 ] 0.879 (0.605,1.277) 0.500
CXCL-9 Wald ratio 1 1 0.960 (0.284,3.245) 0.948
CXCL-10 VW 2 - 0.508 (0.206,1.254) 0.142
HGF I\AVS 2 1 0.985(0.311,3.116) 0.979
IFNg Wald ratio 1 - 0.156 (0.016,1.528) 0.110
IL-1Ra Wald ratio 1 I E— 0.509 (0.121,2.142) 0.357
IL-2 Wald ratio 1 f ! 0.657 (0.180,2.407) 0.526
IL—2Ra Wald ratio 1 P 0.981 (0.552,1.743) 0.947
IL—4 VW 2 - 0.374 (0.074,1.892) 0.234
IL-5 Wald ratio 1 - 0.391 (0.118,1.297) 0.125
IL-6 VW 2 1 0.739 (0.133,4.109) 0.730
IL-7 Wald ratio 1 - 0.643 (0.365,1.131) 0.125
1.8 Wald ratio 1 I E— 0.399 (0.087,1.820) 0.235
IL-9 Wald ratio 1 f 0.716 (0.160,3.203) 0.663
IL-10 VW 2 - 0.608 (0.332,1.113) 0.107
IL12P70 VW 4 - 0.730 (0.466,1.143) 0.169
1IL-13 IVW 2 - 0.751 (0.497,1.137) 0.176
IL-16 VW 3 - 1.212 (0.721,2.036) 0.468
1L-17 Wald ratio 1 f | 0.384 (0.066,2.238) 0.287
IL-18 VW 5 ] 0.744 (0.483,1.145) 0.179
MCSF Wald ratio 1 ] 0.766 (0.270,2.168) 0.615
PDGFBB VW 6 - 0.781 (0.476,1.282) 0.329
SCF IVW 2 f 1.671 (0.216,12.909) 0.623
SCGF-f VW 5 - 0.867 (0.555,1.355) 0.531
TNF-3 Wald ratio 1 - 0.593 (0.312,1.126) 0.110
TRAIL VW 11 R 0.886 (0.688,1.141) 0.347
VEGF IVW 9 - 0.798 (0.578,1.100) 0.168
f I |
0 1 2 3

OR (95% CI)

Figure 4 MR estimate results of cytokines on MG.
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cytokine, and in some instances, it may promote the production of regulatory T cells.”® These cells can suppress attacks
on self-tissues, thereby reducing the risk of autoimmune diseases, including MS. However, more research is needed to
further understand the exact role of IL-8 in the pathogenesis of MS, in order to clarify its potential protective or pro-
inflammatory effects.

In this study, it was observed that prior to Bonferroni correction, there was a positive correlation between the
concentration of CXCL-10 and MS, indicating a weak causal relationship between CXCL-10 and MS. A previous review
study noted that conclusions regarding the association between serum expression levels of CXCL-10 and MS were
inconsistent.”” CXCL-10 is a chemokine factor that typically participates in immune responses and inflammatory
processes. It has the ability to attract and activate immune cells, particularly Thl-type lymphocytes, playing a crucial
role in the immunopathology of MS.?® By increasing the infiltration of these cells into the central nervous system,
CXCL-10 may promote the autoimmune response in MS, leading to nerve damage and inflammation. Additionally,
CXCL-10 may increase the risk of MS by affecting the blood—brain barrier. It could facilitate the breakdown and
increased permeability of the blood—brain barrier, making it easier for immune cells to enter the central nervous system
and trigger inflammatory responses.”’ A thorough investigation of these mechanisms contributes to a better under-
standing of the pathogenesis of MS and provides new targets for prevention and treatment.

In this study, the concentration of CCL-5 and SCGF-B were negatively correlated with CIDP, but this causal
relationship disappeared after Bonferroni correction. These results suggest a weak causal association between CCL-5,
SCGF-p and CIDP, which is a novel finding for CIDP. Previous studies have found a higher expression of TNF-a, HGF,
CCL-4, IL-1B, IL-6, IL-2, and IL-4 in the serum of CIDP patients compared to controls,>*' but the relationship between
CCL-5, SCGF-p and CIDP is still lacking.

CCL-5 acts as a chemotactic factor, playing a crucial role in regulating the migration, infiltration, and activation of
immune cells.*” Elevated levels of CCL-5 may boost immune cell activity, dampening abnormal immune responses and
thus reducing the risk of CIDP. It may also mitigate CIDP risk by inhibiting the infiltration and activation of
inflammatory cells, thereby reducing inflammatory reactions. Additionally, CCL-5 exerts regulatory effects within the
nervous system, potentially participating in neural development, repair, and protection.*® Higher levels of CCL-5 could
help maintain normal neural function, further lowering the risk of CIDP. The role of CCL-5 and SCGF-f in neuroimmune
pathology remains insufficiently studied, and the understanding of its mechanisms in CIDP is still exploratory. This new
finding from our study provides valuable insights for further exploration of SCGF-f’s role in CIDP pathogenesis, offering
potential clues for discovering novel therapeutic targets in CIDP.

In addition, compared to patients with non-inflammatory chronic polyneuropathy and functional neurological
disorders, serum IL-1B, IL-6, and IL-17 were highly expressed in patients with CIDP, as inflammatory factors down-
stream of NLRP3, which were involved in the pathogenesis of CIDP by influencing Th17/Treg (regulatory T cell)
balance.' Unfortunately, no association between these above circulating cytokines and CIDP was found in this study. The
reason for the inconsistency with previous studies may be that the studies are mostly observational studies, which may be
susceptibly affected by confounding factors and reverse causality.

No causal effects of all circulating cytokines on NMO and MG were observed in this current study, which is
inconsistent with the results of previous studies. In NMO patients, the serum concentration of IL-6, IL-17, IL-21, and IL-
36 were revealed to be involved in the pathology of NMO.>* Moreover, patients with NMO spectrum disorders
(NMOSD) had higher serum CCL-2, CCL-13, CXCL-13 as compared with other noninflammatory neurological diseases
(OND).*>*® MG patients have also been observed to have increased serum levels of IL-2, IL-5, IL-12p70 and VEGF as
compared with controls.’”*® However, the conclusion from previous studies about whether the serum levels of IL-4 were
different between MG patients and controls was inconsistent.>’ >* The inconsistency in the conclusions of these studies
also reflects some of the limitations of previous studies. At first, previous studies exploring the associations between the
circulating levels of cytokines and ANDs are mostly observational studies, which may be susceptibly affected by
confounding factors and reverse causality.* Secondly, the sample sizes of previous studies are usually small, and the
conclusions of them are not completely consistent. Finally, the circulating cytokine levels are probably influenced by
detection methods and treatment for patients.
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This study has several strengths: First, we employed a novel MR analysis method, which not only helped circumvent
the influence of confounding factors on the causal association but also enhanced the precision and reliability of our
findings. Second, we conducted a comprehensive analysis of the causal associations between 34 circulating cytokines and
4 types of ANDs, providing a thorough understanding of their interrelationships. Third, to ensure the robustness and
validity of the results, we implemented an extremely strict correction method, mitigating the potential for false positives
and strengthening the credibility of our conclusions.

However, there are also some limitations of this study. First, the study population is limited to individuals of
European descent, which may impose certain restrictions when extrapolating the results to other racial or ethnic
groups. Second, because the correction method used was extremely rigorous, it may have excluded some weaker
causal associations. To address this limitation, when interpreting the MR results, causal associations that were
meaningful before correction but meaningless after correction were considered as weak causal associations, and
causal associations that were meaningful both before and after correction were considered as strong causal
associations. Third, although MR analysis can provide results closer to causal inference, it cannot address all
potential confounding and bias issues. Even after controlling for multiple confounding factors, there may still be
residual confounding effects that are unknown or not considered. In order to minimize the impact of residual
confounding, this study adopted a series of measures. Firstly, widely validated strongly associated genes were
chosen as instrumental variables to ensure their independence from other factors in influencing the exposure.
Secondly, multiple sensitivity analyses were conducted to examine the robustness of the results to potential residual
confounding factors.

Conclusion

The results of this study reveal a strong causal association between IL-2Ra concentration and MS, suggesting a potential
role for IL-2Ra in the pathogenesis of MS. This finding highlights the need for further exploration into the specific
mechanisms of action of IL-2Ra in the pathophysiological processes of MS, providing an important theoretical basis for
the development of more effective treatment strategies in the future.
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