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Causal relationship between
immune cells and Guillain-Barré
syndrome: a Mendelian
randomization study

Huaiquan Liu', Shuoshuo Shao', Bo Chen*, Shili Yang and
Xinyan Zhang

Guizhou University of Traditional Chinese Medicine, Guiyang, Guizhou, China

Objective: The aim of this study was to investigate the causal effect of immune
cell phenotype on GBS using two-sample Mendelian randomization (MR)
approach.

Methods: This study used MR to investigate the causal relationship between
731 immune cell phenotypes and GBS. We used Inverse variance weighted,
Weighted median, MR Egger, Simple mode, Weighted mode for MR analysis.
We also used the Cochran Q test, MR-Egger intercept test, IVW regression
and MR-PRESSO, leave-one-out analysis to assess the presence of horizontal
pleiotropy, heterogeneity and stability, respectively.

Results: Our study revealed a causal relationship between 33 immune
cell phenotypes and GBS. Twenty immunophenotypes were observed to
be associated with GBS as risk factors. For example, CD20 on IgD+ CD38dim
in the B cell group (OR=1.313, 95%Cl:1.042-1.654, p=0.021), CD3 on CD4
Treg in Treg cell group (OR =1.395, 95%Cl:1.069-1.819, p =0.014), CD3 on TD
CD8br in Maturation stages of T cell group (OR =1.486, 95%Cl:1.025-2.154,
p=0.037), CD16 on CD14+ CD16+4+ monocyte in Monocyte group (OR =1.285,
95%Cl:1.018-1.621, p=0.035), CD33dim HLA DR+ CD11b + %CD33dim HLA
DR+ in Myeloid cell group (OR =1.262, 95%Cl:1.020-1.561, p = 0.032), HLA DR+
NK AC in TBNK cell group (OR =1.568, 95%Cl:1.100-2.237, p = 0.013). Thirteen
immune phenotypes are associated with GBS as protective factors. For example,
CD19 on PB/PC in the B cell group (OR = 0.577, 95%CI:0.370-0.902, p = 0.016),
CD4 Treg AC in Treg cell group (OR=0.727, 95%Cl:0.538-0.983, p =0.038),
CD11c + monocyte %monocyte in cDC group (OR = 0.704, 95%Cl:0.514-0.966,
p =0.030), CX3CR1 on CD14+ CD16— monocyte in Monocyte group (OR = 0.717,
95%Cl:0.548-0.939, p = 0.016), Mo MDSC AC in Myeloid cell group (OR = 0.763,
95%Cl:0.619-0.939, p = 0.011), CD45 on granulocyte in TBNK group (OR = 0.621,
95%Cl:0.391-0.984, p = 0.042).

Conclusion: The findings suggest that certain specific immune cell phenotypes,
particularly B cell and Treg cell subpopulations, are causally associated with
GBS, providing potential targets for the clinical treatment of GBS.
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Mendelian randomization, genome-wide association study, immune cells, Guillain-
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1 Introduction

Guillain-Barré syndrome (GBS) is a peripheral neurological
disorder that mainly involves nerve roots and peripheral nerves, and
is usually triggered by infections, such as intestinal or respiratory
infections (1). The onset of GBS is usually rapid, with rapid progression
within hours to days, peaking within 2-4 weeks, and is characterized
by symmetrical movement disorders. Typical signs and symptoms
include weakness or paralysis of the limbs, sensory deficits, loss of
reflexes, pain, autonomic dysfunction, facial paralysis, dysphagia and
respiratory distress (2). Most patients with GBS partially improve or
recover with treatment, while a few may still have prolonged weakness
or other problems (3, 4). Epidemiological studies have shown that the
global annual incidence of GBS is approximately 1-2/100,000
population, with high mortality and disability rates, and that it occurs
in males and in people over 50 years of age (5, 6).

Unfortunately, the exact pathogenesis of GBS is not yet fully
understood and is usually considered to be closely related to factors such
as respiratory or intestinal infections, recent immunizations and
autoimmune diseases. These factors may induce an abnormal immune
system response, causing the immune system to mistakenly attack the
peripheral nerves, which in turn destroys the myelin sheath. It is
noteworthy that GBS is clinically categorized into demyelinating and
axonal forms, namely, acute motor axonal neuropathy antibody-mediated
(AIDP) and acute motor sensory axonal neuropathy (AMAN). Among
them, anti-ganglioside antibodies, particularly anti-GM1 antibodies, are
deeply related to the pathogenesis of AMAN. By contrast, the relationship
between AIDP and autoantibodies has not been fully clarified, whereas
the phagocytosis of myelin by macrophages is a well-known pathological
feature in AIDP (7). In the initial stage of GBS, a large number of
lymphocytes and macrophages can be seen infiltrating around the lesion
nerve, and after activation, a large number of inflammatory cytokines can
be produced, resulting in demyelination and axonal damage (8).
Immunotherapy regimens such as plasmapheresis (PE) and intravenous
immunoglobulin (IVIG) are considered to be one of the key therapeutic
options in the treatment of GBS (9-11). In the field of tumor
immunotherapy, GBS is one of the adverse events of concern in immune
checkpoint inhibitors (ICIs) (12). Each of these mechanisms involves a
complex immune response, and it is urgent to explore the causal
relationship between immune cells and GBS as soon as possible (13, 14).

Currently, studies surrounding the association between GBS and
immune cells are insufficient. And the direct causal relationship
between them is highly susceptible to the confounding factors of
clinical research and becomes elusive. Therefore, this study took
advantage of the fact that genetic variants are randomly assigned to
individuals before birth, and conducted a two-sample MR analysis
using Genome-wide association study (GWAS) data to further search
for a causal relationship between immune cell causal relationship
with GBS.

2 Materials and methods

2.1 Study design

This study assessed the potential causal relationship between 731
immune cell phenotypes and GBS using two-sample MR analysis. This
study should be guided by three basic assumptions: (1) genetic variation
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is directly related to exposure; (2) there are no potential confounders
between genetic variation and exposure and outcome; and (3) genetic
variation does not affect outcome through pathways other than
exposure. The comprehensive design of this work is shown in Figure 1.

2.2 Data source for the GWAS

The GWAS data for 731 immune cell phenotypes and GBS were
obtained from the IEU OPENGWAS database, which is publicly
available (15). The 731 immune cell phenotypic data contained four
immunomorphological features, namely absolute cell count (AC,
n=118), relative cell count (RC, n=192), median fluorescence
intensity (MFI, n=389), and morphological parameters (MP, n=32).
Specifically, they are subdivided into seven major groups: B cell,
T regulatory cells (Treg), classical dendritic cells (cDC), Lymphocyte
subsets (TBNK), Maturation stages of T cell, Myeloid cell and
Monocyte. Specific information is provided in Table 1.

2.3 Instrumental variables selection

Suitable Instrumental Variables (IVs) were obtained separately
from different datasets for MR analysis. For IVs with immune cell
characteristics associated with GBS we set the p-value threshold to
5x107°. We set the parameters to r*<0.1 and kb=10,000 for linkage
disequilibrium (LD) analyses, and excluded the effect of confounding
factors. To prevent alleles from influencing the results, palindromic
SNPs were removed by palindromic sequence detection. F>10 were
included for MR analysis to exclude bias in weak I'Vs.

2.4 Statistical analysis

In this study, five complementary methods were used for MR
analysis: Inverse variance weighted (IVW), Weighted median, MR
Egger, Simple mode, Weighted mode. IVW as the primary method of
analysis, with p<0.05 considered statistically significant and in the
same direction as the results of the other methods of analysis, we then
considered a causal relationship between exposure and outcome.
We checked the heterogeneity of the IVs using the Cochran Q test,
with Q_pval>0.05 indicating no heterogeneity. The MR-Egger
intercept test, Mendelian randomization pleiotropy residual sum and
outlier (MR-PRESSO) test were used to detect horizontal multiplicity
and outliers, setting p <0.05. Robustness and symmetry were further
assessed by leave-one-out analysis to test whether individual SNPs
contributed to the causal effect. All statistical analyses in this study
were performed using the R package “TwoSampleMR.”

2.5 Reverse MR analysis

We investigated whether immune cell characteristics are affected
by GBS using inverse MR analysis, further validating the directionality
of the causal effect. We performed a reverse MR analysis with GBS as
the exposure factor and the above immune cell profile as the outcome
to further validate the directionality of the causal effect of immune cell
profile and GBS.
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FIGURE 1
Schematic of MR analysis of 731 immune cell phenotypes causally associated with GBS. SNPs, single-nucleotide polymorphisms; Linkage
disequilibrium (LD), Mendelian randomization (MR), Inverse variance weighted (IVW).
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TABLE 1 Summary information on GWAS data.

GWAS data

Sample size

Population

10.3389/fneur.2024.1446472

Data sources

ebi-a-GCST0001391-

Immune cells 3,757 European About 2,000,000 2020
ebi-a-GCST0002121

Guillain-Barré syndrome 215,931 European finn-b-G6_GUILBAR 16,380,463 2021

3 Results

3.1 Causal relationship between immune
cells and GBS

A total of 33 immune cell phenotypes were identified by the
IVW method as being causally associated with the development
of GBS, setting p <0.05. The 33 immune cell types included 20
risk factors and 13 protective factors. There were 9 cases in the
Treg cell group, 7 cases in the B cell group, 5 cases in the
Maturation stages of T cell group, 4 cases in the TBNK group, 3
cases in the ¢cDC cell group, 3 cases in the Monocyte group and 2
cases in the Myeloid cell group. Twenty immunophenotypes were
found to be associated with GBS as risk factors using the IVW
method. For example, in the B cell group, CD20 on IgD+ CD38—
naive (OR=1.412, 95%CI:1.001-1.991, p = 0.049), CD20 on IgD+
CD38dim (OR=1.313, 95%CI:1.042-1.654, p=0.021), IgD—
CD38dim %B cell (OR=1.500, 95%CI:1.031-2.183, p=0.034),
IgD+ CD24+ %B cell (OR=1.648, 95%CI:1.031-2.634, p=0.037).
In the Treg cell group, CD25 on activated Treg (OR=1.913,
95%CI:1.020-3.589, p=0.043), CD3 on activated and secreting
Treg (OR=1.293, 95%CI:1.020-1.638, p=0.034), CD3 on CD39+
CD4+ (OR=1.294, 95%CI:1.043-1.606, p=0.019), CD3 on CD4
Treg (OR=1.395, 95%CI:1.069-1.819, p=0.014), CD3 on
secreting Treg (OR=1.292, 95%CI:1.040-1.606, p=0.021),
CD39+ CD8br %T cell (OR=1.361, 95%CI:1.009-1.837,
p=0.044). In the Maturation stages of T cell group, CD3 on CM
CD8br (OR=1.460, 95%CI:1.012-2.107, p=0.043), CD3 on EM
CD4+ (OR=1.245, 95%CI:1.000-1.550, p=0.049), CD3 on TD
CD8br (OR =1.486, 95%CI:1.025-2.154, p=0.037), CM CD4+
%T cell (OR=1.762, 95%CI:1.019-3.046, p=0.043), HVEM on
naive CD4+ (OR =1.451, 95%CI:1.104-1.907, p=0.007). In the
Monocyte group, CD16 on CD14+ CD16+ monocyte (OR =1.285,
95%CI:1.018-1.621, p=0.035), CD40 on CDI14+ CDI16+
monocyte (OR=1.171, 95%CI:1.015-1.352, p=0.030). In the
Myeloid cell group, CD33dim HLA DR+ CD11b + %CD33dim
HLA DR+ (OR=1.262, 95%CI:1.020-1.561, p=0.032). In TBNK
group, FSC-A on NK (OR =1.296, 95%CI:1.000-1.680, p = 0.049),
HLA DR+ NK AC (OR =1.568, 95%CI:1.100-2.237, p=0.013), as
shown in Figure 2 and Supplementary Table S1. Thirteen immune
cell phenotypes as protective factors associated with GBS. For
example, in the B cell group, CD19 on PB/PC (OR=0.577,
95%CI:0.370-0.902, p=0.016), IgD+ CD24— %lymphocyte
(OR=0.554, 95%CI:0.332-0.924, p = 0.024), CD8dim %leukocyte
(OR=0.621, 95%CI:0.405-0.953, p=0.029), Transitional AC
(OR=0.704, 95%CI1:0.524-0.946, p=0.020). In the Treg cell
group, CD127 on CD28— CD8br (OR=0.727, 95%CI:0.541-
0.976, p=0.034), CD28+ CD45RA— CD8dim %T cell (OR =0.863,
95%CI:0.771-0.966, p=0.010), CD4 Treg AC (OR=0.727,
95%CI:0.538-0.983, p=0.038). In the <cDC group,
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CD11c + monocyte %monocyte (OR =0.704, 95%CI:0.514-0.966,
p=0.030), CD62L— myeloid DC AC (OR=0.694, 95%CI:0.493-
0.978, p=0.037), CD86 on monocyte (OR=0.737, 95%CI:0.544-
0.999, p=0.049). In the Monocyte group, CX3CR1 on CD14+
CD16— monocyte (OR=0.717, 95%CI:0.548-0.9939, p=0.016).
In the Myeloid cell group, Mo MDSC AC (OR=0.763,
95%CI:0.619-0.939, p=0.011). In the TBNK group, CD45 on
granulocyte (OR=0.621, 95%CI:0.391-0.984, p=0.042), as
shown in Figure 3 and Supplementary Table S2.

3.2 Sensitivity analysis

Further sensitivity analyses of the results of the significant causal
relationship between immune cell phenotype and GBS using
Cochran’s Q test showed that Q_pval was >0.05 in all cases and there
was no significant heterogeneity, no outliers were found in the
MR-PRESSO results, and there was no level of The intersection of the
MR-Egger regression pleiotropy (pval >0.05) as shown in Figures 4, 5
and Supplementary Table S3. Leave-one-out analyses provide some
evidence of the robustness of the results of this part of the study, as
shown in Figures 6, 7.

3.3 Inverse MR analysis results

To investigate the causal relationship between GBS and immune
phenotypes, we used inverse MR to study the effect of GBS on immune
phenotype cells. The results showed that there was no causal
relationship between GBS and any of the 33 immune cells
mentioned above.

4 Discussion

The GBS usually develops after infection and affects the
peripheral nervous system, resulting in muscle weakness and sensory
abnormalities, with the condition progressing gradually from mild
muscle weakness to severe generalized paralysis. In recent years, the
scientific hypothesis that “the immune system attacks the nervous
system to cause disease” has gradually come to the forefront of
researchers’ minds as studies on the pathogenesis of GBS continue
to deepen. This study analyzed the potential causal relationship
between 731 immune cell phenotypic markers and GBS using MR
methods based on a large amount of publicly available genetic data.
The results of the analysis showed that a total of 33 immune cell
phenotypes were included in this study, 20 immune cell phenotype
markers were considered as risk factors for the development of GBS
and 13 immune cell phenotype markers were considered as
protective factors for the development of GBS. There were 9 cases in
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e nsnp method pval OR(95% CI)
CD16 on CD14+ CD16+ monacyte 16 MR Egger 0444 1.155 (0.807 t0 1.653)
i Weighted median 0157 1.265(0.914101.752)
6 Inverse variance weighted 0035 1.285(1.018 10 1.621)
16 Simple mode o771 1.083 (0638 to 1.841)
16 Weighted mode 0111 1.262 (0.964 10 1.652)
€D20 on IgD+ CD38- naive 10 MR Egger 0095 1789 (0.98010 3264)
10 Weighted median 0010 1682 (1.132 10 2.499)
10 Inverse variance weighted 0.049 1.412(1.001 10 1.991)
10 Simple mode 0093 1715 (0.977 103.010)
10 Weighted mode 0.028 1715 (1.145102570)
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22 Inverse variance weighted 0021 1313 (1.042 10 1.654)
2 Simple mode 0128 1625 (0.891102.962)
2 Weighted mode 0521 1.109 (081210 1.515)
CD25 on activated Treg 9 MR Egger 0663 1273 (0.450 0 3.606)
] Wieighted median 0088 1.964 (0,903 104.272)
9 Inverse variance weighted 0.043 1.913 (1.020 10 3.589)
9 Simple mode 0309 1,840 (0612 105.532)
9 Weighted mode 0180 1.933 (0.80210 4.661)
CD3 on activated & secreting Treg 13 MR Egger 0434 1.188 (078410 1.799)
13 Wieighted median 0083 1312 (0.965101.782)
13 Inverse variance weighted 0.034 1,293 (1.020 10 1.638)
13 Simple mode 0664 1.150 (0,622 102.125)
13 Weighted mode 0148 1.284 (0.93510 1.762)
CD3 on CD39+ CD4+ 13 MR Egger 0085 1.425 (0.988102.055)
13 Weighted median 0125 1.244 (0,941 101.643)
13 Inverse variance weighted 0019 1.294 (1.043 10 1.606)
13 Simple mode 0888 1.035 (0,650 10 1.648)
13 Weighted mode 0154 1.238 (0.94010 1.632)
CD3 on CD4 Treg 8 MR Egger 0282 1.348 (0.822102211)
8 Weighted median 0072 1.338 (0.974 10 1.836)
8 Inverse variance weighted 0014 1.395 (1.069 10 1.819)
8 Simple mode 0137 1743 (0.911103.334)
8 Weighted mode 0117 1.346 (0.972 10 1.865)
CD3 on CM CD8br 10 MR Egger 0621 1210 (0.585102.501)
10 Wieighted median 0204 1.356 (0,847 102.169)
10 Inverse variance weighted 0.043 1.460 (1.012 10 2.107)
10 Simple mode 0050 2887 (1.154107.222)
10 Weighted mode 0332 1.306 (0.785102.173)
CD3 on EM CD4+ 15 MR Egger 0220 1.254 (088910 1.769)
15 Weighted median 0113 1.280 (0.943 10 1.736)
15 Inverse variance weighted 0.049 1.245 (1,001 10 1.550)
15 Simple mode 0327 1.283 (0.793 10 2.074)
15 Weighted mode 0095 1313 (0.97410 1.769)
CD3 on secreting Treg 14 MR Egger 0603 1.108 (0.7601t0 1.615)
14 Wieighted median 0146 1.249 (0.925 10 1.686)
14 Inverse variance weighted 0021 1.292 (1,040 10 1.606)
14 Simple mode 0550 1171 (0.707 10 1.940)
14 Weighted mode 0217 1.221 (0.903 10 1.652)
CD3 on TD CDBbr 14 MR Egger 0203 1750 (0.776 0 3.946)
" Wieighted median 0032 1,688 (1.046 102.724)
14 Inverse variance weighted 0.037 1.486 (1.025 10 2.154)
14 Simple mode 0236 1.586 (0.767 10 3.280)
14 Weighted mode o071 1,699 (1.002 10 2.882)
CD33dim HLA DR+ CD11b+ %CD33dim HLA DR+ 13 MR Egger 0.040 1654 (1.083102525)
3 Weighted median 0039 1.360 (1.015 10 1.821)
3 Inverse variance weighted 0032 1.262(1.020 10 1.561)
13 Simple mode 0249 1.317 (0.844 10 2.055)
13 Weighted mode 0056 1.382 (1.02510 1.854)
CD39+ CDBbr %T cell 15 MR Egger 0773 1.077 (0656 t0 1.769)
15 Weighted median 0198 —.— 1.355(0.853102.152)
15 Inverse variance weighted 0044 —— 1.361 (1,009 10 1.837)
15 Simple mode 0172 — 1,656 (0,833 10 3.289)
15 Weighted mode 0269 —_—— 1.406 (0.787 10 2.512)
CD40 on CD14+ CD16+ monacyte 6 MR Egger 0131 - — 1218 (0.957 10 1.551)
16 Weighted median 0033 e 1.242(1.018 10 1.515)
i Inverse variance weighted 0030 rod 1171 (1,015 101.352)
16 Simple mode 0079 1 1.325 (0.989 10 1.775)
6 Weighted mode 0.035 ot 1.233 (1.033 10 1.473)
CM CD4+ %T cell 1 MR Egger 0647 ———— 1.484 (0.290107.596)
" Wieighted median 0068 —— 1.922(0.954 10 3871)
1" Inverse variance weighted 0043 — 1762 (1.019 10 3.046)
1 Simple mode 0328 ———e— 1.876 (0.566 106.222)
1 Weighted mode 0350  ———o—s 1.738 (0.575 10 5.250)
FSC-A on NK 13 MR Egger 0358 —— 1210 (0.82010 1.786)
13 Wighted median 0212 i 1.259 (0876 t0 1.810)
3 Inverse variance weighted 0050 o 1.296 (1.000 t0 1.680)
13 Simple mode 0180 —— 1.480 (0.862 10 2.540)
13 Weighted mode 0148 — — 1.303 (0.932 10 1.823)
HLA DR+ NK AC 9 MR Egger 0166 —_—— 1650 (0.874103.115)
il Weighted median 0.024 —— 1575 (1.062102.334)
9 Inverse variance weighted 0013 —— 1.568 (1.100102.237)
il Simple mode 0065 ——— 1.970 (1,059 10 3.665)
9 Weighted mode 0050 —— 1.595 (1.073 10 2.369)
HVEM on naive CD4+ 9 MR Egger 0482 —_— 1228 (0.714102.110)
] Weighted median 0083 ——1 1.409 (0.956 102.077)
il Inverse variance weighted 0.008 —— 1.451 (1.104 10 1.907)
9 Simple mode 0107 — 1.567 (0.964 10 2613)
9 Weighted mode 0117 —— 1.427 (0.959102.122)
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13 Weighted median 0099 —— 1620 (0.913102875)
3 Inverse variance weighted 0034 ——i 1,500 (1.031 102.183)
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FIGURE 2

Forest plot for the causal effect of 20 immune cell features as risk factors for GBS using 5 methods including MR Egger, Weighted median, Inverse

variance weighted, Simple mode, Weighted mode.
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exposure nsnp method pval OR(95% CI)
CD11c+ monocyte %monocyte 1 MR Egger 0104  —o— 0.563 (0.302 to 1.049)
1" Weighted median 0.028 '—0—' 0.615 (0.399 to 0.950)
1 Inverse variance weighted 0.030 »—0—« 0.704 (0.514 to 0.966)
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12 Weighted median 0.298 »—.—.—4 0.804 (0.532 to 1.213)
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12 Simple mode 0.327 .—o—l—. 0.726 (0.394 to 1.338)
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15 Weighted median 0.052 >0-| 0.857 (0.733 to 1.001)
15 Inverse variance weighted 0.010 m 0.863 (0.771 to 0.966)
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15 Weighted mode 0.071 [ 0.868 (0.753 to 1.000)
CD4 Treg AC 13 MR Egger 0.532 —e— 0.853 (0.525 to 1.384)
13 Weighted median 0.121 r—.—-—< 0.728 (0.488 to 1.087)
13 Inverse variance weighted 0.038 r—H 0.727 (0.538 to 0.983)
13 Simple mode 0.430 r—o—- 0.774 (0.419 to 1.431)
13 Weighted mode 0.154 —o—h 0.745 (0.509 to 1.089)
CD45 on granulocyte 10 MR Egger 0529 +—o—t———> 0.668 (0.201 to 2.219)
10 Weighted median 0.115 D—Q—' 0.616 (0.337 to 1.125)
10 Inverse variance weighted 0.042 b—.—l 0.621 (0.391 to 0.984)
10 Simple mode 0.195 r—.—'—< 0.569 (0.259 to 1.253)
10 Weighted mode 0.147 —_—— 0.590 (0.308 to 1.133)
CD62L- myeloid DC AC 10 MR Egger 0057  +—eo—i! 0.540 (0.314 to 0.929)
10 Weighted median 0.029 '—0—' 0.676 (0.475 to 0.961)
10 Inverse variance weighted 0.037 D—O—t 0.694 (0.493 to 0.978)
10 Simple mode 0.648 .—o-.—' 0.842 (0.412 to 1.719)
10 Weighted mode 0.048 ot 0.679 (0.488 to 0.946)
CD86 on monocyte 7 MR Egger 0.325 —— 0.786 (0.510 to 1.212)
7 Weighted median 0.080 »—0—4 0.702 (0.472 to 1.044)
7 Inverse variance weighted 0.050 D—Q—' 0.737 (0.544 to 1.000)
7 Simple mode 0.145 D—O—-—i 0.542 (0.264to 1.111)
7 Weighted mode 0.113 —o—i 0.688 (0.463 to 1.022)
CD8dim %leukocyte 11 MR Egger 0.351 '—.—‘—4 0.628 (0.249 to 1.585)
11 Weighted median 0.107 v—O—'—« 0.625 (0.353 to 1.107)
11 Inverse variance weighted 0.029 P—O—' 0.621 (0.405 to 0.953)
1" Simple mode 0.125 »—.—.—4 0.511(0.233 t0 1.122)
11 Weighted mode 0.193 — —1 0.592 (0.284 to 1.236)
CX3CR1 on CD14+ CD16- monocyte 19 MR Egger 0.408 »—0—'—1 0.786 (0.450 to 1.372)
19 Weighted median 0.062 —o— 0.720 (0.509 to 1.017)
19 Inverse variance weighted 0.016 >—0—< 0.717 (0.548 to 0.939)
19 Simple mode 0.550 r—Q—r—! 0.843 (0.488 to 1.458)
19 Weighted mode 0.206 — —H 0.778 (0.534 to 1.132)
IgD+ CD24- %lymphocyte 12 MR Egger 0.875 I—O—‘—> 0.859 (0.137 to 5.406)
12 Weighted median 0.030 +—e—! 0.464 (0.232 to 0.928)
12 Inverse variance weighted 0.024 —o—i 0.554 (0.332 to 0.924)
12 Simple mode 0.206 r—o—v—c 0.480 (0.165 to 1.399)
12 Weighted mode 0.227 +— —-—c 0.432 (0.119 to 1.563)
Mo MDSC AC 15 MR Egger 0.063 »—o—( 0.678 (0.466 to 0.985)
15 Weighted median 0.081 '-H 0.777 (0.586 to 1.031)
15 Inverse variance weighted 0.011 b-O-! 0.763 (0.619 to 0.939)
15 Simple mode 0.325 r—.—-—l 0.812 (0.544 to 1.212)
15 Weighted mode 0.069 (= —I 0.746 (0.557 to 0.999)
Transitional AC 20 MR Egger 0.220 r—.—c 0.759 (0.496 to 1.162)
20 Weighted median 0.395 b—.—'—' 0.825 (0.531 to 1.284)
20 Inverse variance weighted 0.020 —o—i! 0.704 (0.524 to 0.946)
20 Simple mode 0.143 '—0—-—1 0.567 (0.274 t0 1.173)
20 Weighted mode 0.207 —— 0.787 (0.549 to 1.127)
I I I
0 1 2
FIGURE 3

Forest plot for the causal effect of 13 immune cell characteristics as protective factors for GBS using 5 methods including MR Egger, Weighted median,
Inverse variance weighted, Simple mode, Weighted mode.
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HLA DR+. (S) FSC-A on NK. (T) HLA DR+ NK AC.

Funnel plot of 20 immune cell characteristics as risk factors for GBS. (A) CD20 on IgD+ CD38- naive. (B) CD20 on IgD+ CD38dim. (C) lgD— CD38dim
%B cell. (D) IgD+ CD24+ %B cell. (E) CD25 on activated Treg. (F) CD3 on activated and secreting Treg. (G) CD3 on CD39+ CD4+. (H) CD3 on CD4 Treg.
(1) CD3 on secreting Treg. (J) CD39+ CD8br %T cell. (K) CD3 on CM CD8br. (L) CD3 on EM CD4+. (M) CD3 on TD CD8br. (N) CM CD4+ %T cell.

(O) HVEM on naive CD4+. (P) CD16 on CD14+ CD16+ monocyte. (Q) CD40 on CD14+ CD16+ monocyte. (R) CD33dim HLA DR+ CD11b + %CD33dim

the Treg cell group, 7 cases in the B cell group, 5 cases in the
Maturation stages of T cell group, 4 cases in the TBNK group, 3 cases
in the cDC cell group, 3 cases in the Monocyte group and 2 cases in
the Myeloid cell group.

Treg cells play an important role in maintaining immune
homeostasis and suppressing inflammation, and a reduction in their
numbers or dysfunction may be importantly linked to the
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pathogenesis of GBS. Patients with AMAN and AIDP, a common
subtype of GBS, have significantly fewer peripheral Tregs in the acute
phase of the disease (16). Immunosuppressive subpopulations of
CD4+ T helper cells reduce autoimmune and inflammatory responses
and are widely used in the treatment of neurological disorders such as
GBS (17). It has been shown that patients with GBS treated with
lymphoid progenitor exchange (LPE) have a significant decrease in the
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Funnel plot of 13 immune cell characteristics as protective factors for GBS. (A) CD19 on PB/PC. (B) IgD+ CD24- %lymphocyte. (C) CD8dim %leukocyte.
(D) Transitional AC. (E) CD127 on CD28- CD8br. (F) CD28+ CD45RA— CD8dim %T cell. (G) CD4 Treg AC. (H) CD11c + monocyte %monocyte. (I) CD62L—
myeloid DC AC. (J) CD86 on monocyte. (K) CX3CR1 on CD14+ CD16— monocyte. (L) Mo MDSC AC. (M) CD45 on granulocyte.
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CD11b + %CD33dim HLA DR+. (S) FSC-A on NK. (T) HLA DR+ NK AC.

Leave one out forest plot of 20 immune cell characteristics as risk factors with GBS. (A) CD20 on IgD+ CD38- naive. (B) CD20 on IgD+ CD38dim.

(C) IgD— CD38dim %B cell. (D) IgD+ CD24+ %B cell. (E) CD25 on activated Treg. (F) CD3 on activated and secreting Treg. (G) CD3 on CD39+ CD4+.
(H) CD3 on CD4 Treg. (I) CD3 on secreting Treg. (J) CD39+ CD8br %T cell. (K) CD3 on CM CD8br. (L) CD3 on EM CD4+. (M) CD3 on TD CD8br. (N) CM
CD4+ %T cell. (O) HVEM on naive CD4+. (P) CD16 on CD14+ CD16+ monocyte. (Q) CD40 on CD14+ CD16+ monocyte. (R) CD33dim HLA DR+

CD3 on CM CD8br

R ==

CD33dim HLA DR+

D3 onTD CD8br CD11b+ %CD33dim HLA DR+

CM CD4+ %T cell FSC-A on NK

HVEM on naive CD4+ HLA DR+ NK AC

percentage of Th1 and Th17 cells and an increase in Th2 and Treg cells
in the peripheral blood among the CD4+ T-lymphocyte subsets (18).
It follows that the role of Th17 cells in GBS should not be overlooked,
and these cells promote GBS by mediating inflammatory and
autoimmune responses (19).The results of another similar study
suggest that during the acute phase of the clinical course of GBS,
although there is a decline in the number and proportion of
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CD4+CD25+ T cells, this decline is reversible, suggesting that the
number and function of Treg cells may be only temporarily suppressed
rather than permanently impaired (20). IVIG promotes proliferation
of CD4+CD25 + Foxp3 +and other Treg cells and secretion of anti-
inflammatory cytokines IL-10 and TGF-p1 in GBS patients (21).
Experimental autoimmune neuritis (EAN) is an animal model of
AIDP that induces T-cell-mediated neuritis via myelin epitopes PO or
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P2 as the primary antigen (22). Pathologically, EAN is characterized
by rupture of the blood-nerve barrier and accumulation of
autoreactive T cells and macrophages in the peripheral nervous
system through chemotaxis and demyelination (23). In vitro activation
of anti-CD3 and anti-CD28 antibodies allows IFN-y to generate
CD4+CD25+ regulatory T cells (iTregs) from CD4+CD25— T cells
in GBS patients (24). The above further corroborates the association
of Treg cell subtypes such as CD25 on activated Treg, CD3 on activated
and secreting Treg, CD3 on CD4 Treg and GBS in the results.

B cells
autoantibody production, antigen presentation, and inflammatory

are involved in GBS pathogenesis through

regulation. Flow cytometry results showed that the percentage of
memory B cells was significantly higher in GBS patients than in
healthy controls. Correlation analyses showed that an increase in
the percentage of memory B cells was positively correlated with
the clinical severity of GBS patients (25). This was similarly
corroborated in another study, suggesting that peripheral blood
DN (IgD— CD27-) B-cell values were significantly elevated (26).
The decrease in the percentage of circulating memory B cells
after administration of immunotherapies such as PE and IVIG to
GBS patients suggests that the reduction of memory B cells is
involved in the recovery process of the disease or is one of the key
factors for clinical improvement. For example, the percentage of
CD4+/CD8+ T cells and the percentage of CD4 + CD45RA +T
cells were increased, the percentage of CD8+T cells and
CD4 + CD45RO + T cells were significantly decreased, and the
number of CD19 + B cells was reduced after IVIG treatment in
GBS patients (27). It also promotes the differentiation of CD40-
activated B cells into plasmoblasts and accelerates
immunoglobulin synthesis and secretion (28). Large numbers of
plasmoblasts may be a potential biomarker for rapid clinical
recovery. CD19 can be used as a B-cell target to treat autoimmune
neuropathies (29). It has also been shown that an anti-CD20
monoclonal antibody (rituximab) may be a potential target for
the treatment of GBS (30). The results of the present study are
broadly similar to the above, CD19 on PB/PC, CD20 on IgD+
CD38— naive, CD20 on IgD+ CD38dim are associated with GBS.

Myeloid cells are a group of cells that play an important role in
the immune system and include mainly granulocytes, monocytes,
macrophages, dendritic cells and mast cells. These cells are derived
from hematopoietic stem cells in the bone marrow and are formed
through a series of differentiation processes that are also closely
linked to the pathogenesis of GBS. Antigen-presenting cell activity
of myeloid dendritic cells may contribute to the maintenance of
T-cell activation in GBS, with increased numbers of CD11c(+)
myeloid DCs versus CD123(+) plasma cell-like DCs in patients
with GBS before treatment with high-dose IVIG (31). Another
study showed that plasma cell-like DCs were significantly elevated
in the acute phase of GBS, and their levels were positively correlated
with the severity of disease in GBS patients, and the expression of
TLRY and surface co-stimulatory molecules were significantly
elevated in plasma cell-like DCs, suggesting that plasma cell-like
DCs are involved in the pathogenesis of GBS (32). Atorvastatin-
modified DCs can be induced into tolerogenic DCs, which improve
the symptoms of EAN in rats by down-regulating Th1/Th17 levels
and increasing the number of Treg and NKR-P1+ cells (33).
Although DCs-based immunotherapy is still at the stage of animal
experiments, the results of existing studies suggest that DCs have a
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promising application in the clinical treatment of GBS (34).
CD16 + 56, CD4+ and CD8+ levels were lower and IgG levels were
higher in children with GBS spectrum disease variant than in the
control group, suggesting that both cellular and humoral immune
functions were disturbed in children with GBS spectrum disease
variant and were involved in the development of the disease (35).
Single-cell RNA sequencing of peripheral blood mononuclear cells
(PBMC) from patients with GBS revealed a new clonally-expanded
CD14+ CD163+ monocyte subset in the peripheral blood of
patients with AIDP and it was enriched for cellular responses to IL1
and chemokine signaling pathways (36). In addition, the researchers
found that the neutrophil/lymphocyte ratio (NLR) may be an
independent risk factor for GBS and a predictor of severe
dysfunction, severe frailty and short-term prognosis (37).
Macrophages can be divided into two main phenotypes,
pro-inflammatory macrophages (M1) and anti-inflammatory
macrophages (M2), which play a decisive role in the initiation and
development of GBS. Macrophages may induce inflammatory or
anti-inflammatory effects in M1 and M2 by secreting pro- or anti-
inflammatory cytokines (TNF-a, IL-12, IL-10, etc.), and induce
activation of T cells to mediate immune responses or to promote
GBS disease recovery. Currently, the role of macrophages in, e.g.,
GBS cannot be explained simply by the M1-M2 dichotomy, and
how macrophages are involved in degeneration and regeneration of
the peripheral nervous system, how macrophage polarization can
be shifted toward the M2 phenotype, and how to improve the
outcome of GBS need to be explored in further studies (38). The
relevant results of the present study on myeloid cell categories are
in general agreement with the literature, suggesting that the
phenotypes: CD11c+monocyte %monocyte, CX3CR1 on CD14+
CD16— monocyte, CD16 on CD14+ CD16+ monocyte, etc., may
be closely related to the GBS.

In addition, reverse MR analyses were performed for further
validation of the positive results of this study. The results showed that
there was no causal relationship between GBS and any of the 33
immune cells. The reason for this may be that genetic variants
predominantly precede disease, and the sequence of the two cannot
usually be reversed.

In summary, this work differs from traditional observational
studies that address the relationship between one or more immune
cells and GBS. It used MR analysis with SNPs as IVs to investigate
causal associations between 731 immune cell phenotypes and GBS,
reducing confounding variables, reverse causation, and other factors
interfering with the results. The results suggest a causal link between
33 immune cell manifestations and GBS. They may play a defensive or
pathogenic role by activating different immune functions, and the
B-cell and Treg cell groups dominate the exposure factors for
GBS. These findings provide a theoretical basis for the development
of early detection reagents and late treatment strategies.

In this study, Mendelian randomization (MR) analysis was used
to investigate the relationship between GBS and immune cell
phenotypes. Although this analysis provides important information
on causality, the following limitations exist. For example, the data on
731 immune cell phenotypes and GBS were derived from studies of
European populations, and the presence of similar genetic variants in
other populations needs to be further explored. If the selected SNPs
affect multiple biological pathways, their effects on immune cell
function may not be exclusive, potentially introducing a horizontal
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confounding bias, which in turn affects the accuracy of the MR
analysis. Synergistic effects between different immune cell phenotypes
were not discussed in this study, and their impact on the findings
cannot be ignored. Due to these limitations, future clinical studies
with more ethnic groups, more comprehensive genotypic data, and
more scientific methods of statistical analyses are needed to enhance
the ability of MR in explaining the relationship between GBS and
immune cell phenotypes.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The manuscript presents research on animals that do not require
ethical approval for their study.

Author contributions

HL: Methodology, Writing — original draft, Writing — review &
editing. SS: Writing - original draft, Writing - review & editing. BC:
Writing - original draft, Writing - review & editing. SY: Writing -
original draft, Writing - review & editing. XZ: Writing - original draft,
Writing - review & editing.

References

1. Sukenikové L, Mallone A, Schreiner B, Ripellino P, Nilsson J, Stoffel M, et al.
Autoreactive T cells target peripheral nerves in Guillain-Barré syndrome. Nature. (2024)
626:160-8. doi: 10.1038/s41586-023-06916-6

2. Leonhard SE, Mandarakas MR, Gondim FAA, Bateman K, Ferreira MLB, Cornblath
DR, et al. Diagnosis and management of Guillain-Barré syndrome in ten steps. Nat Rev
Neurol. (2019) 15:671-83. doi: 10.1038/541582-019-0250-9

3. Wachira VK, Farinasso CM, Silva RB, Peixoto HM, de Oliveira MRF. Incidence of
Guillain-Barré syndrome in the world between 1985 and 2020: a systematic review.
Global Epidemiol. (2023) 5:100098. doi: 10.1016/j.gloepi.2023.100098

4. Khan SA, Das PR, Nahar Z, Dewan SMR. An updated review on Guillain-Barré
syndrome: challenges in infection prevention and control in low- and middle-
income countries. SAGE Open Med. (2024) 12:20503121241239538. doi:
10.1177/20503121241239538

5. Castro V, Oliveira RTG, Santos ], Mendes RS, Pessoa Neto AD, Fidelix EC, et al. The
sural-sparing pattern in clinical variants and electrophysiological subtypes of Guillain-
Barré syndrome. Arq Neuropsiquiatr. (2024) 82:1-7. doi: 10.1055/5-0044-1785692

6. Bragazzi NL, Kolahi AA, Nejadghaderi SA, Lochner P, Brigo F, Naldi A, et al. Global,
regional, and national burden of Guillain-Barré syndrome and its underlying causes from
1990 to 2019. ] Neuroinflammation. (2021) 18:264. doi: 10.1186/s12974-021-02319-4

7. Koike H, Fukami Y, Nishi R, Kawagashira Y, Iijima M, Katsuno M, et al. Ultrastructural
mechanisms of macrophage-induced demyelination in Guillain-Barré syndrome. J Neurol
Neurosurg Psychiatry. (2020) 91:650-9. doi: 10.1136/jnnp-2019-322479

8. Sejvar JJ, Baughman AL, Wise M, Morgan OW. Population incidence of Guillain-
Barré syndrome: a systematic review and meta-analysis. Neuroepidemiology. (2011)
36:123-33. doi: 10.1159/000324710

9. Busl KM, Fried H, Muehlschlegel S, Wartenberg KE, Rajajee V, Alexander SA, et al.
Guidelines for neuroprognostication in adults with Guillain-Barré syndrome. Neurocrit
Care. (2023) 38:564-83. doi: 10.1007/s12028-023-01707-3

10. Savithri Nandeesha S, Kasagga A, Hawrami C, Ricci E, Hailu KT, Salib K, et al. Treatment
efficacy of plasmapheresis versus intravenous immunoglobulin in Guillain-Barré syndrome
management: a systematic review. Cureus. (2024) 16:¢57066. doi: 10.7759/cureus.57066

Frontiers in Neurology

12

10.3389/fneur.2024.1446472

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work was
supported by the National Natural Science Foundation of China (No.
82360976).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fneur.2024.1446472/
full#supplementary-material

11. Jasti AK, Selmi C, Sarmiento-Monroy JC, Vega DA, Anaya JM, Gershwin ME.
Guillain-Barré syndrome: causes, immunopathogenic mechanisms and treatment.
Expert Rev Clin Immunol. (2016) 12:1175-89. doi: 10.1080/1744666x.2016.1193006

12. Abrahao A, Tenério PHM, Rodrigues M, Mello M, Nascimento OJM.
Guillain-Barré syndrome and checkpoint inhibitor therapy: insights from
pharmacovigilance data. BMJ Neurol Open. (2024) 6:€000544. doi: 10.1136/
bmjno-2023-000544

13. Shahrizaila N, Lehmann HC, Kuwabara S. Guillain-Barré syndrome. Lancet.
(2021) 397:1214-28. doi: 10.1016/s0140-6736(21)00517-1

14. Yuki N, Hartung HP. Guillain-Barré syndrome. N Engl ] Med. (2012) 366:2294-304.
doi: 10.1056/NEJMral114525

15. Orr1 V, Steri M, Sidore C, Marongiu M, Serra V, Olla S, et al. Complex genetic
signatures in immune cells underlie autoimmunity and inform therapy. Nat Genet.
(2020) 52:1036-45. doi: 10.1038/s41588-020-0684-4

16. Chi LJ, Wang HB, Zhang Y, Wang WZ. Abnormality of circulating CD4(+)
CD25(+) regulatory T cell in patients with Guillain-Barré syndrome. ] Neuroimmunol.
(2007) 192:206-14. doi: 10.1016/j.jneuroim.2007.09.034

17. Olson KE, Mosley RL, Gendelman HE. The potential for treg-enhancing therapies
in nervous system pathologies. Clin Exp Immunol. (2023) 211:108-21. doi: 10.1093/
cei/uxac084

18. Luo MC, Wang WE, Yin WE, Li Y, Li BJ, Duan WW), et al. Clinical efficacy and
mechanism of lymphoplasma exchange in the treatment of Guillain-Barre syndrome.
Cell Mol Biol. (2017) 63:106-15. doi: 10.14715/cmb/2017.63.10.17

19. Wu X, Wang J, Liu K, Zhu ], Zhang HL. Are Th17 cells and their cytokines a
therapeutic target in Guillain-Barré syndrome? Expert Opin Ther Targets. (2016)
20:209-22. doi: 10.1517/14728222.2016.1086751

20. Harness J, McCombe PA. Increased levels of activated T-cells and reduced levels
of CD4/CD25+ cells in peripheral blood of Guillain-Barré syndrome patients compared
to controls. J Clin Neurosci. (2008) 15:1031-5. doi: 10.1016/j.jocn.2007.09.016

21.Zhang G, Wang Q, Song Y, Cheng P, Xu R, Feng X, et al. Intravenous
immunoglobulin promotes the proliferation of CD4(+)CD25(+) Foxp3(+) regulatory T

frontiersin.org


https://doi.org/10.3389/fneur.2024.1446472
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2024.1446472/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2024.1446472/full#supplementary-material
https://doi.org/10.1038/s41586-023-06916-6
https://doi.org/10.1038/s41582-019-0250-9
https://doi.org/10.1016/j.gloepi.2023.100098
https://doi.org/10.1177/20503121241239538
https://doi.org/10.1055/s-0044-1785692
https://doi.org/10.1186/s12974-021-02319-4
https://doi.org/10.1136/jnnp-2019-322479
https://doi.org/10.1159/000324710
https://doi.org/10.1007/s12028-023-01707-3
https://doi.org/10.7759/cureus.57066
https://doi.org/10.1080/1744666x.2016.1193006
https://doi.org/10.1136/bmjno-2023-000544
https://doi.org/10.1136/bmjno-2023-000544
https://doi.org/10.1016/s0140-6736(21)00517-1
https://doi.org/10.1056/NEJMra1114525
https://doi.org/10.1038/s41588-020-0684-4
https://doi.org/10.1016/j.jneuroim.2007.09.034
https://doi.org/10.1093/cei/uxac084
https://doi.org/10.1093/cei/uxac084
https://doi.org/10.14715/cmb/2017.63.10.17
https://doi.org/10.1517/14728222.2016.1086751
https://doi.org/10.1016/j.jocn.2007.09.016

Liu et al.

cells and the cytokines secretion in patients with Guillain-Barré syndrome in vitro. J
Neuroimmunol. (2019) 336:577042. doi: 10.1016/j.jneuroim.2019.577042

22.YaoJ, ZhouR, Liu Y, Lu Z. Progress in Guillain-Barré syndrome immunotherapy—a
narrative review of new strategies in recent years. Hum Vaccin Immunother. (2023)
19:2215153. doi: 10.1080/21645515.2023.2215153

23. Arias C, Sepulveda P, Castillo RL, Salazar LA. Relationship between hypoxic and
immune pathways activation in the progression of Neuroinflammation: role of HIF-1a
and Th17 cells. Int ] Mol Sci. (2023) 24:3073. doi: 10.3390/ijms24043073

24.Huang S, Li L, Liang S, Wang W. Conversion of peripheral CD4(+)CD25(—) T
cells to CD4(+)CD25(+) regulatory T cells by IFN-gamma in patients with
Guillain-Barré syndrome. ] Neuroimmunol. (2009) 217:80-4. doi: 10.1016/j.
jneuroim.2009.10.001

25.Wang Q, Xing C, Hao Y, Shi Q, Qi Z, Lv Z, et al. Memory B cells in Guillain-
Barré syndrome. ] Neuroimmunol. (2017) 305:1-4. doi: 10.1016/j.
jneuroim.2017.01.004

26.Ruschil C, Gabernet G, Lepennetier G, Heumos S, Kaminski M, Hracsko Z,
et al. Specific induction of double negative B cells during protective and pathogenic
immune responses. Front Immunol. (2020) 11:606338. doi: 10.3389/
fimmu.2020.606338

27.Maddur MS, Stephen-Victor E, Das M, Prakhar P, Sharma VK, Singh V, et al.
Regulatory T cell frequency, but not plasma IL-33 levels, represents potential
immunological biomarker to predict clinical response to intravenous
immunoglobulin therapy. J Neuroinflammation. (2017) 14:58. doi: 10.1186/
$12974-017-0818-5

28. Brem MD, Jacobs BC, van Rijs W, Fokkink WJR, Tio-Gillen AP, Walgaard C, et al.
IVIg-induced plasmablasts in patients with Guillain-Barré syndrome. Ann Clin Transl
Neurol. (2019) 6:129-43. doi: 10.1002/acn3.687

29. Abraham PM, Quan SH, Dukala D, Soliven B. CD19 as a therapeutic target in a
spontaneous autoimmune polyneuropathy. Clin Exp Immunol. (2014) 175:181-91. doi:
10.1111/cei.12215

Frontiers in Neurology

13

10.3389/fneur.2024.1446472

30. Motamed-Gorji N, Matin N, Tabatabaie O, Pavone P, Romano C, Falsaperla R,
et al. Biological drugs in Guillain-Barré syndrome: an update. Curr Neuropharmacol.
(2017) 15:938-50. doi: 10.2174/1570159x14666161213114904

31. Press R, Nennesmo I, Kouwenhoven M, Huang YM, Link H, Pashenkov M.
Dendritic cells in the cerebrospinal fluid and peripheral nerves in Guillain-Barré
syndrome and chronic inflammatory demyelinating polyradiculoneuropathy. J
Neuroimmunol. (2005) 159:165-76. doi: 10.1016/j.jneuroim.2004.09.020

32. Wang YZ, Feng XG, Wang Q, Xing CY, Shi QG, Kong QX, et al. Increased
plasmacytoid dendritic cells in Guillain-Barré syndrome. J Neuroimmunol. (2015)
283:1-6. doi: 10.1016/j.jneuroim.2015.03.019

33.Xu H, Li XL, Yue LT, Li H, Zhang M, Wang S, et al. Therapeutic potential of
atorvastatin-modified dendritic cells in experimental autoimmune neuritis by decreased
Th1/Th17 cytokines and up-regulated T regulatory cells and NKR-P1(+) cells. J
Neuroimmunol. (2014) 269:28-37. doi: 10.1016/j.jneuroim.2014.02.002

34.Li XL, Li H, Zhang M, Xu H, Yue LT, Zhang XX, et al. Exosomes derived from
atorvastatin-modified bone marrow dendritic cells ameliorate experimental
autoimmune myasthenia gravis by up-regulated levels of IDO/Treg and partly dependent
on FasL/Fas pathway. ] Neuroinflammation. (2016) 13:8. doi: 10.1186/s12974-016-0475-0

35. Xiao-lan S, Zhi-xin H, Jian HW, Medicine ZJ-mJPC. Changes in immune function
in children with variant of Guillain-Barr syndrome Spectrum diseases. Practical Clin
Med. (2023) 24:64-7. doi: 10.13764/j.cnki.lcsy.2023.03.016

36. Li M, Song J, Yin P, Chen H, Wang Y, Xu C, et al. Single-cell analysis reveals novel
clonally expanded monocytes associated with IL1B-ILIR2 pair in acute inflammatory
demyelinating polyneuropathy. Sci Rep. (2023) 13:5862. doi: 10.1038/541598-023-32427-5

37.Sun S, Wen Y, Li S, Huang Z, Zhu J, Li Y. Neutrophil-to-lymphocyte ratio is a risk
indicator of Guillain-Barré syndrome and is associated with severity and short-term
prognosis. Heliyon. (2023) 9:e14321. doi: 10.1016/j.heliyon.2023.e14321

38. Shen D, Chu E, Lang Y, Geng Y, Zheng X, Zhu J, et al. Beneficial or harmful role of
macrophages in Guillain-Barré syndrome and experimental autoimmune neuritis.
Mediat Inflamm. (2018) 2018:4286364-10. doi: 10.1155/2018/4286364

frontiersin.org


https://doi.org/10.3389/fneur.2024.1446472
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/j.jneuroim.2019.577042
https://doi.org/10.1080/21645515.2023.2215153
https://doi.org/10.3390/ijms24043073
https://doi.org/10.1016/j.jneuroim.2009.10.001
https://doi.org/10.1016/j.jneuroim.2009.10.001
https://doi.org/10.1016/j.jneuroim.2017.01.004
https://doi.org/10.1016/j.jneuroim.2017.01.004
https://doi.org/10.3389/fimmu.2020.606338
https://doi.org/10.3389/fimmu.2020.606338
https://doi.org/10.1186/s12974-017-0818-5
https://doi.org/10.1186/s12974-017-0818-5
https://doi.org/10.1002/acn3.687
https://doi.org/10.1111/cei.12215
https://doi.org/10.2174/1570159x14666161213114904
https://doi.org/10.1016/j.jneuroim.2004.09.020
https://doi.org/10.1016/j.jneuroim.2015.03.019
https://doi.org/10.1016/j.jneuroim.2014.02.002
https://doi.org/10.1186/s12974-016-0475-0
https://doi.org/10.13764/j.cnki.lcsy.2023.03.016
https://doi.org/10.1038/s41598-023-32427-5
https://doi.org/10.1016/j.heliyon.2023.e14321
https://doi.org/10.1155/2018/4286364

	Causal relationship between immune cells and Guillain-Barré syndrome: a Mendelian randomization study
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Data source for the GWAS
	2.3 Instrumental variables selection
	2.4 Statistical analysis
	2.5 Reverse MR analysis

	3 Results
	3.1 Causal relationship between immune cells and GBS
	3.2 Sensitivity analysis
	3.3 Inverse MR analysis results

	4 Discussion

	References

