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Abstract. Guillain-Barré syndrome (GBS) is an autoimmune 
disorder of the peripheral nervous system characterized by 
weakness in the limbs. To date, numerous hypotheses have 
been suggested to explain the pathogenesis of GBS; however, 
the pathogenesis of GBS remains to be elucidated. The aim of 
the present study was to investigate the association between 
Toll-like receptor (TLR) 2, TLR4 and GBS. Therefore, the 
mRNA of TLR2, TLR4, myeloid differentiation factor (MyD)88 
and nuclear factor (NF)-κB of peripheral blood mononuclear 
cells (PBMCs) in patients with GBS and healthy controls was 
assessed. To confirm the function of TLR2 and TLR4 in the 
pathogenesis of GBS, PBMCs derived from patients with GBS 
and healthy controls were cultured with various TLR agonists. 
The levels of tumor necrosis factor (TNF)-α and interleukin 
(IL)-1β were measured in the culture supernatant and fasting 
serum was obtained for the detection of anti-ganglioside anti-
bodies. The results revealed that the mRNA levels of TLR2, 
TLR4, MyD88 and NF-κB were significantly increased in 
patients with GBS compared with those in healthy controls 
(P=0.003, 0.017, 0.032 and 0.015, respectively). PBMCs from 
patients with GBS secreted higher levels of TNF-α and IL-1β 
than those from control subjects. The positive rate of immuno-
globulin (Ig)G and IgM anti-ganglioside antibodies in patients 
with severe GBS was 42.86%, which was markedly higher 
than rates found in patients with mild GBS (9.09 and 18.18%, 
respectively). The results of the present study demonstrated 
that TLR2 and TLR4 are involved in the pathogenesis of GBS 
and that they and their associated signaling pathways may be 
targets for the treatment of GBS.

Introduction

Guillain-Barré syndrome (GBS) is an autoimmune disorder, 
characterized by demyelination and infiltration of the periph-
eral nervous system by inflammatory cells, causing progressive 
weakness of the extremities. GBS consists of acute inflam-
matory demyelinating polyneuropathy, acute motor axonal 
neuropathy, acute motor sensory axonal neuropathy and Miller 
Fisher syndrome (MFS). The incidence of GBS has been 
reported to be 0.75-2 cases per 100,000 individuals per year (1). 
In recent years, studies have reported that vaccines, such as the 
influenza A (H1N1) 2009 monovalent inactivated vaccine, are 
associated with a mildly increased risk of GBS (2,3). However, 
the pathogenesis of GBS remains to be elucidated. To date, 
numerous hypotheses have been suggested to explain the 
pathogenesis of GBS, including the involvement of molecular 
mimicry, cytokines, anti-ganglioside antibodies and Toll-like 
receptors (TLRs). The present study was performed to investi-
gate the association between TLRs and GBS.

TLRs are pattern recognition receptors, which recognize 
conserved motifs on pathogens via pathogen-associated 
molecular patterns (4). To date, 11 members of the TLR family 
have been identified in humans. Ligands of TLRs consist of 
endogenous and exogenous ligands. Each sub-type is able to 
recognize a specific ligand. For example, TLR2 recognizes 
peptidoglycan (PGN) (5) and TLR4 recognizes lipopolysaccha-
ride (LPS) (6). After recognizing specific ligands, TLRs signal 
through myeloid differentiation factor (MyD)88-dependent or 
-independent pathways. TLR2 signals predominantly through 
a MyD88-dependent pathway, whereas TLR4 signals through 
the two types of pathway. Nuclear factor (NF)-κB is a down-
stream signaling molecule of the MyD88-dependent pathway. 
Following signal transduction through the MyD88-dependent 
pathway, increased levels of NF-κB are generated. MyD88 and 
NF-κB are important in TLR signal transduction.

The major function of TLRs is to promoe the production of 
cytokines (7), including interleukin (IL)-1β, IL-6, IL-12, tumor 
necrosis factor (TNF)-α and interferon (IFN)-γ. Cytokines are 
thought to be important in the pathogenesis of GBS (8), which 
suggests that TLRs may be involved in the pathogenesis of 
GBS. TLRs are also able to promote the differentiation and 
maturation of immune cells, which may also be associated 
with the pathogenesis of GBS. TNF-α and IL-1β are major 
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pro‑inflammatory cytokines secreted by T‑helper (Th)1 cells. 
Numerous studies have demonstrated that the levels of TNF-α 
and IL-1β are significantly increased in the plasma and cere-
brospinal fluid (CSF) of patients with GBS (9,10). The current 
hypothesis states that TLRs are involved in the initiation of GBS. 
Following TLR activation, they increase NF-κB levels through 
MyD88‑dependent or ‑independent pathways, and finally induce 
the secretion of pro‑inflammatory cytokines. To investigate the 
association between TLR2 and TLR4 and GBS pathogenesis, 
TNF-α and IL-1β levels were measured in the culture super-
natant of peripheral blood mononuclear cells (PBMCs) from 
patients with GBS and healthy controls in the present study.

Gangliosides have important biological functions, including 
cellular growth and differentiation, modulation of signal trans-
duction and immune responses. GBS arises as a result of an 
autoimmune attack due to structural similarities between certain 
LPS molecules from Campylobacter jejuni and human nerve 
tissue gangliosides (11,12). LPS is recognized by TLRs (13) and 
therefore, TLRs may be involved in the pathogenesis of GBS. 
Recent evidence has suggested that anti-ganglioside antibodies 
are associated with the pathogenesis of GBS (14).

Excessive activation of TLRs is capable of eliminating 
auto-immune tolerance and may lead to autoimmune 
diseases (15), including systemic lupus erythematosus (SLE) 
and autoimmune hepatitis. Numerous studies have demonstrated 
that TLRs are involved in the pathogenesis of experimental 
autoimmune neuritis (EAN), an animal model of GBS (16,17), 
and may be important in the pathogenesis of GBS.

To demonstrate the involvement of TLR2 and TLR4, as well 
as their signal transduction pathways, in the progression and 
pathogenesis of GBS, the mRNA, cytokines and anti-ganglio-
side antibodies of patients with GBS were analyzed.

Patients and methods 

Patients and healthy controls. A total of 18 patients with GBS 
(11 patients with mild GBS and 7 patients with severe GBS) 
and 20 healthy controls were enrolled in the present study from 
the Health Examination Center of Beijing Tiantan Hospital 
(Beijing, China) between October 2012 and December 2013. All 
patients met the diagnostic criteria of GBS, and were classified 
into mild (1-3 points) and severe (4-6 points, including dysphagia 
and dyspnea) groups according to their Hughes scores (18). The 
exclusion criteria included patients with a fever or infection. The 
study was approved by the Ethics Committee of Beijing Tiantan 
Hospital, Capital Medical University (Beijing, China), and 
written informed consent was obtained from all participants.

Preparation of PBMCs. Approximately 15 ml [3 ml for 
reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR) and 12 ml for cell culture] of venous blood was 
collected from each subject into EDTA-anticoagulated vacuum 
tubes and PBMCs were isolated by Ficoll gradient separation 
with lymphocyte isolation agent (Sigma-Aldrich, St. Louis, MO, 
USA). Centrifugation was conducted for 30 min at 400 x g.

RNA extraction. PBMCs were immediately snap-frozen in 
TRIzol reagent (Invitrogen Life Technologies, Carlsbad, CA, 
USA) following washing three times in phosphate-buffered 
saline (PBS; Invitrogen Life Technologies). Total RNA 

from PBMCs was extracted using TRIzol, absolute ethanol 
and isopropanol. The RNA concentration and quality were 
measured using the NanoDrop-1000 spectrophotometer 
(NanoDrop Technologies, Thermo Fisher Scientific, Waltham, 
MA, USA). An optical density of 1.8-2.1 at 260nm/280nm 
indicated high-quality RNA.

RT. A total of 20 µl cDNA was prepared using a First Strand 
cDNA synthesis kit (Fermentas, Vilnius, Lithuania) from 1 µg 
RNA. RT was performed according to the manufacturer's 
instructions. To ensure the success of RT, a general PCR was 
performed prior to RT-qPCR, which was performed under 
the same conditions. The general PCR was performed using 
2X EasyTaq PCR Supermix (TransGen Biotech Co., Ltd., 
Beijing, China) using an ABI 9600 thermocycler (Applied 
Biosystems, Thermo Fisher Scientific). The amplification and 
detection stages of general PCR were performed as follows: 
94˚C for 5 min followed by 30 cycles of 94˚C for 30 sec, 58˚C 
for 30 sec and 72˚C for 30 sec, followed by 72˚C for 5 min. 
The 20-µl reaction mix consisted of RNase-free water (7.8 µl), 
0.6 µl 10 µmol/l GAPDH1 forward/reverse primer, 1 µl cDNA 
and 10 µl PCR mix. All primers were synthesized by Sangon 
Biotech (Shanghai, China) and are listed in Table I. The 
products were analyzed using agarose gel electrophoresis. The 
agarose gels were purchased from TransGen Biotech Co., Ltd., 
the electrophoresis meter used was the EPS 300 from Tanon 
Science & Technology Co., Ltd. (Shanghai, China) and the 
BioSpectrum Imaging System was from UVP, LLC (Upland, 
CA, USA).

qPCR. qPCR was performed using the ABI Step-One Plus 
Real-Time PCR system (Applied Biosystems) using Power 
SYBR Green PCR Master mix (Applied Biosystems) according 
to the manufacturer's instructions. The sequences of the 
primers are shown in Table I. The amplification and detection 
stages of qPCR were performed as follows: 95˚C for 10 min 
followed by 40 cycles of 95˚C for 15 sec, 58˚C for 30 sec and 
72˚C for 30 sec. The 20-µl reaction system consisted of SYBR 
mix (10 µl), 0.4 µl 10 µmol/l forward/reverse primer, 1 µl 
cDNA and 8.2 µl RNase‑free water. Relative quantification of 
RNA expression was calculated using the 2-∆CT method using 
the following equation: ∆CT = CTtarget gene - CTGAPDH2. GAPDH2 
was used as an internal control.

PBMC culture and cytokine analysis. PBMCs were isolated 
from 12 ml venous blood from patients with GBS or healthy 
controls and were cultured with ligands of TLR2 (PGN; 
Sigma-Aldrich; 100 µg/ml) or TLR4 (LPS; Sigma-Aldrich; 
10 µg/ml). PBMCs cultured without ligands were used as 
blank controls. Subsequently, 500 µl PBS was added to dilute 
the PBMCs. The cell concentration was determined using 
the Sysmex XT-4000i hematology analyzer (Sysmex, Kobe, 
Japan). PBMCs were cultured in 24 well-plates and each well 
consisted of RPMI 1640 medium supplemented with 10% fetal 
calf serum (Invitrogen Life Technologies), 106 PBMCs and 
the respective agonist. Following incubation for 24 h in an 
SS‑23062 carbon dioxide incubator (SHEL LAB, Cornelius, 
OR, USA) with 5% CO2, the supernatant was harvested, and 
TNF-α and IL-1β were measured using the IMMULITE 
1000 immunoassay system (Siemens Healthcare Diagnostics, 
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Erlangen, Germany) according to the manufacturer's instruc-
tions.

Anti‑ganglioside antibody detection. Serum anti-ganglioside 
antibodies were assessed using an immunoblot assay in 
18 patients with GBS and 20 healthy controls using EUROLINE 
anti-ganglioside profile 2: IgG and IgM (EUROIMMUN 
Medizinische Labordiagnostika AG, Lübeck, Germany).

Statistical analysis. All values are expressed as the 
mean ± standard error. Comparisons of mRNA levels between 
patients with GBS and healthy controls were performed using 
Student's t-test. The Fisher exact probability test was used to 
examine the correlation between positive anti-ganglioside anti-
body rate and mild or severe GBS. SPSS software, version 17.0 
(SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Analysis of TLR2, TLR4, MyD88 and NF‑κB mRNA. A 
previous study demonstrated that TLRs and their signal 
transduction pathway may be involved in the pathogenesis of 
GBS (19). In the present study, PCR assays were performed 
using PBMCs from patients with GBS and healthy controls 
to analyze the mRNA levels of TLR2, TLR4, MyD88 and 
NF-κB. As shown in Fig. 1, TLR2, TLR4, MyD88 and NF-κB 
mRNA levels were significantly upregulated in patients with 
GBS compared with those in healthy controls (P<0.05).

The correlation of mRNA expression and the severity of 
GBS was evaluated using Student's t-test. As shown in Fig. 2, 
no significant difference was identified in TLR2, TLR4 and 
NF-κB mRNA expression between the two groups, although 
the levels tended to be higher in patients with severe GBS 
(P>0.05). In addition, no significant difference was identified 
in MyD88 levels between patients with mild or severe GBS.

Analysis of cytokines secreted by stimulated PBMCs. GBS is 
a T-helper (Th)1-type autoimmune disease. TNF-α and IL-1β 
are major pro‑inflammatory cytokines released by Th1 cells. 
It was hypothesized that TLRs are involved in the initiation of 
GBS, and that following activation, TLRs are able to promote 

increased NF-κB levels through MyD88-dependent or -inde-
pendent pathways, to induce the secretion of pro‑inflammatory 
cytokines, including TNF-α and IL-1β. To further investigate 
the association between TLR2 and TLR4, and GBS pathogen-
esis, TNF-α and IL-1β levels were measured in PBMC culture 
supernatants. PBMCs from patients with GBS secreted higher 
levels of TNF-α when stimulated with LPS or PGN compared 
with those of healthy controls (Fig. 3A). IL-1β secretion by 
PBMCs from patients with GBS was significantly higher in 
the unstimulated or LPS-stimulated groups compared with 
that of healthy controls (P<0.05 and P<0.01, respectively) 
(Fig. 3B). However, no significant difference was identified 
between patients with GBS and healthy controls when PBMCs 
were stimulated with PGN (Fig. 3B). Compared with the blank 
control, the secretion of TNF-α and IL-1β was significantly 
increased in PBMCs from patients with GBS when stimulated 
with PGN (P<0.001) (Fig. 4A). Similarly, stimulation with LPS 
significantly increased the secretion of TNF‑α and IL-1β by 
PBMCs compared with those in the control group (P<0.05 

Table I. Primers for TLR2, TLR4, MyD88, NF-κB, GAPDH1 and GAPDH2.

   Product
Genes Forward primers Reverse primers length (bp)

TLR2 5'-GCCTCTCCAAGGAAGAATCC-3' 5'-TCCTGTTGTTGGACAGGTCA-3' 144
TLR4 5'-AAGCCGAAAGGTGATTGTTG-3' 5'-CTGAGCAGGGTCTTCTCCAC-3'  153
MyD88 5'-CATCACCACACTTGATGACCC-3' 5'-TGCACAAACTGGATGTCGC-3' 90
NF-κB 5'-AGCCTGGTAGACACGTACCG-3' 5'-CCGTACGCACTGTCTTCCTT-3' 200
GAPDH1 5'-GTCACCAGGGCTGCTTTT-3' 5'-CATCACGCCACAGTTTCC-3' 544
GAPDH2 5'-TCGGAGTCAACGGATTTGG-3' 5'-GCAACAATATCCACTTACCAGAGTTAA-3' 79

GAPDH1 was used for general PCR and GAPDH2 for reverse transcription quantitative PCR. PCR, polymerase chain reaction; TLR, Toll-like 
receptor; NF, nuclear factor; MyD, myeloid differentiation factor.

Figure 1. Relative expression of TLR2, TLR4, MyD88 and NF-κB mRNA. 
Values are expressed as the mean ± standard error. Expression levels of 
TLR2, TLR4, MyD88 and NF-κB mRNA increased significantly in patients 
with GBS compared with those in healthy controls (*P<0.05; **P<0.01 for 
comparison between GBS and HC groups). PTLR2=0.003, PTLR4=0.017, 
PMyD88=0.032 and PNF-κB=0.015. GBS, Guillain‑Barré syndrome; HC, healthy 
controls; TLR, Toll-like receptor; NF, nuclear factor; MyD, myeloid dif-
ferentiation factor; PBMCs, peripheral blood mononuclear cells; CT, cycle 
threshold.
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Figure 2. Expression levels of (A) TLR2 (P=0.317), (B) TLR4 (P=0.158), (C) MyD88 (P=0.338) and (D) NF-κB (P=0.103) in PBMCs of patients with mild or 
severe Guillain-Barré syndrome. P-values refer to the comparison between mild and severe GBS. TLR, Toll-like receptor; NF, nuclear factor; MyD, myeloid 
differentiation factor; GBS, Guillain-Barré syndrome; PBMCs, peripheral blood mononuclear cells; CT, cycle threshold.

Figure 3. Secretion of (A) TNF-α and (B) IL-1β by peripheral blood mononuclear cells from patients with Guillain-Barré syndrome and healthy controls. 
Values are expressed as the mean ± standard error. *P<0.05, **P<0.01, ***P<0.001 for comparison between GBS and HC groups. LPS, lipopolysaccharide; PGN, 
peptidoglycan; TNF, tumor necrosis factor; IL, interleukin; GBS, Guillain‑Barré syndrome; HC, healthy controls. 

Figure 4. Secretion of TNF-α and IL-1β by peripheral blood mononuclear cells from patients with Guillain-Barré syndrome stimulated with (A) PGN or 
(B) LPS compared with blank controls. Values are expressed as the mean ± standard error. *P<0.05, **P<0.01, ***P<0.001 for comparison between stimulated 
and blank groups. LPS, lipopolysaccharide; PGN, peptidoglycan; TNF, tumor necrosis factor; IL, interleukin.
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and P<0.001, respectively) (Fig. 4B). The results revealed 
an increased activation of TLR2 and TLR4 in patients with 
GBS. As shown in Fig. 3, the release of the cytokines TNF-α 
and IL-1β was increased in the PBMCs of patients with GBS 
under basal conditions (blank) compared with that in healthy 
controls, which suggests an enhanced sensitivity of the PBMCs 
in patients with GBS. The increased activation and enhanced 
sensitivity of the PBMCs may be somewhat important for the 
induction and/or progression of GBS.

Anti‑ganglioside antibody measurement. To examine the 
association between TLRs and GBS indirectly, serum 
anti-ganglioside antibodies were measured using the 
EUROLINE anti-ganglioside profile 2. The total positive 
rate of patients with GBS was significantly higher than that 
of healthy controls (P<0.05; Table II), which is in line with 
a previous study (20). Among 11 patients with mild GBS, 
1 patient was IgG-positive, while 2 other patients were 
IgM-positive. By contrast, there were 3 IgG-positive and 
3 IgM-positive patients in the group of patients with severe 
GBS. In addition, 2 of the 3 IgG-positive GBS patients were 
additionally IgM-positive. As shown in Table III, IgG and 
IgM anti-ganglioside antibody-positive rates were higher in 
patients with severe GBS than those in patients with mild GBS, 
although no statistically significant difference was identified. 
These results were consistent with the results regarding the 
expression of TLR2, TLR4, MyD88 and NF-κB, which indi-
cated that TLRs and their signaling pathways may be involved 
in the pathogenesis of GBS.

Discussion

GBS presents as a weakness of the extremities and may prog-
ress to weakness of the trunk, cervical area, facial muscles and 
even respiratory muscles, causing respiratory failure in severe 
cases (21). Patients with GBS are often treated with hormones 
or plasma exchange. However, the effects of treatments remain 
poor. Thus, it is important to investigate the pathogenesis of 
GBS, in order to develop beneficial and efficacious treatments 
for patients with GBS. Previous studies indicated that TLRs, 
such as SLE, are significant in autoimmune diseases (22,23), 
primary biliary cirrhosis and autoimmune hepatitis (22). 
Several studies also demonstrated that the expression of TLRs 
was increased in EAN rats and patients with GBS. The present 
study identified that TLR2 and TLR4 and their signaling path-
ways are functionally involved in the pathogenesis of GBS.

Gries et al (24) systematically examined the expression 
patterns of TLRs in sciatic nerves and lymphoid organs during 

Ta
bl

e 
II

. P
os

iti
ve

 a
nt

i-g
an

gl
io

sid
e 

an
tib

od
y 

ra
te

s i
n 

pa
tie

nt
s w

ith
 G

BS
 a

nd
 h

ea
lth

y 
co

nt
ro

ls.

 
Ig

G
 (%

) 
Ig

M
 (%

)
 

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
- 

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
-- 

      
  P

os
iti

ve
G

ro
up

 (n
) 

G
Q1

b 
G

T1
b 

G
D1

b 
G

D1
a 

G
M

3 
G

M
2 

G
M

1 
G

Q1
b 

G
T1

b 
G

D1
b 

G
D1

a 
G

M
3 

G
M

2 
G

M
1 

ra
te

 (%
)

G
BS

 (1
8)

 
0.

00
 

11
.11

 
11

.11
 

11
.11

 
11

.11
 

5.
56

 
27

.7
8 

0.
00

 
16

.6
7 

0.
00

 
5.

56
 

22
.2

2 
0.

00
 

5.
56

 
38

.8
9

H
C

 (2
0)

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

5.
00

 
5.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
10

.0
0

G
Q

1b
, G

T1
b,

 G
D

1b
, G

D
1a

, G
M

3,
 G

M
2 

an
d 

G
M

1 
ar

e 
na

m
es

 o
f k

no
w

n 
an

ti‑
ga

ng
lio

si
de

 a
nt

ib
od

ie
s. 

G
B

S,
 G

ui
lla

in
‑B

ar
ré

 sy
nd

ro
m

e;
 H

C
, h

ea
lth

y 
co

nt
ro

l; 
IG

, i
m

m
un

og
lo

bu
lin

.

Table III. Anti-ganglioside antibody-positive rate in patients 
with mild (n=11) or severe (n=7) Guillain-Barré syndrome.

Severity  IgG (%) IgM (%)

Mild 9.09 18.18
Severe 42.86 42.86

Ig, immunoglobulin.
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the course of murine EAN, and observed a pronounced upreg-
ulation of TLR2, TLR6 and TLR11 on T cells and TLR4 and 
TLR6 on antigen-presenting cells. Another study reported that 
MyD88 (-/-) mice were completely EAN-resistant and TLR4 
(-/-) and TLR9 (-/-) mice exhibited markedly more severe EAN 
symptoms than wild-type mice (17). This indicated that TLR4, 
TLR9 and MyD88 are important in the pathogenesis of EAN. 
In patients with GBS, Wang et al (19) found that TLR2, TLR4 
and TLR9 mRNA levels were significantly increased. In 
accordance with the results of studies using the murine EAN 
model, it was suggested that TLR2, TLR4 and TLR9 may be 
involved in the pathogenesis of GBS.

In line with investigations into EAN and GBS, it was 
demonstrated that TLR2 and TLR4 mRNA expression was 
significantly elevated in PBMCs from patients with GBS. To 
further investigate the association between TLRs and GBS, 
the mRNA levels of MyD88 and NF-κB were measured using 
RT-qPCR. MyD88 and NF-κB are two key molecules of the 
TLR signaling pathways. As expected, marked increases in 
MyD88 and NF-κB mRNA levels were observed in patients 
with GBS compared with those in healthy controls. This 
indicated that TLR2, TLR4 and their signaling pathways are 
functionally involved in the pathogenesis of GBS.

Previous studies have described contradictory results 
regarding the association between TLRs and GBS severity. 
Wang et al (19) indicated that TLR mRNA levels had a marked 
positive correlation with the disability scores of patients with 
GBS. However, another study reported that the severity of 
clinical symptoms had a negative correlation with TLR2, 
TLR4 and TLR6 mRNA expression levels (24). Patients with 
GBS were divided into two groups (mild and severe) according 
to their clinical manifestation, and their mRNA levels were 
compared using Student's t-test. In accordance with the 
findings of Wang et al (19), the results of the current study 
demonstrated the same trend of alterations between TLR2, 
TLR4 and NF-κB mRNA and the condition of the patients 
with GBS. However, no significant difference was identified in 
MyD88 mRNA levels between patients with mild and severe 
GBS. This may be the result of an insufficient sample size. A 
larger cohort of patients with GBS is required to investigate 
this condition further.

It was hypothesized that GBS is a Th1-type autoimmune 
disease, and that Th1 cytokines, including IL-1β, TNF-α and 
IFN-γ, are significantly correlated with GBS pathogenesis. 
Matsui et al (25) reported that IL-1β, TNF-α and IFN-γ 
were increased in the spinal cord of EAN rats, whereas 
anti‑inflammatory cytokines, including IL‑4 and IL‑10, were 
decreased (25). Serum IFN-γ was also elevated in patients 
with GBS (26). TNF-α is able to inhibit Schwann cell prolif-
eration and mediate Schwann cell death (27). TNF-α was 
elevated and associated with disease severity in EAN (28) and 
GBS (29). In a further study, Zhang et al (30) observed that 
the onset of EAN in TNF-α gene‑deficient mice was mark-
edly later than that in wild type mice. In GBS, an increased 
expression of IL-1β was immunolocalized on Schwann cell 
membranes in sural nerve biopsies (31) and IL-1β was detected 
in the cerebrospinal fluid (32). These findings indicated that 
TNF-α, IL-1β and IFN-γ are involved in the pathogenesis of 
GBS. Therefore, in the present study, PBMCs from patients 
with GBS and healthy controls were cultured and TNF-α and 

IL-1β levels were measured in the supernatants. The results 
indicated that, LPS-stimulated PBMCs from patients with 
GBS secreted more TNF-α and IL-1β than those of healthy 
controls. This indicated that excessive activation of TLRs 
was involved in the pathogenesis of GBS. When stimulated 
by PGN or LPS, PBMCs from patients with GBS secreted 
more TNF-α and IL-1β than blank controls. Therefore, the 
present study provided evidence supporting the hypothesis 
that TLR2 and TLR4 are functionally involved in the patho-
genesis of GBS.

In the majority of previous studies, anti-ganglioside 
antibodies have been found in autoimmune neuropathies, 
particularly GBS (33,34). It was hypothesized that different 
sub-types of anti-ganglioside antibodies are associated 
with different GBS subtypes (35). Anti-GM1 antibodies are 
commonly associated with a pure motor variant of GBS (36), 
and GQ1b may be a target antigen responsible for patients 
with MFS (37). A study reported that anti-ganglioside anti-
bodies are able to inhibit axon regeneration through neuronal 
gangliosides independent of endogenous regeneration inhibi-
tors (38). Gangliosides have biological functions, including 
cellular growth and differentiation, modulation of signal 
transduction and immune reactions. Sheikh and Zhang (39) 
found that anti-ganglioside antibodies induced damage to 
intact nerve fibers and inhibited axon regeneration via an 
Fcγ receptor. Based on these studies, it was hypothesized 
that anti-ganglioside antibodies may be associated with the 
severity of GBS. The present results revealed that positive 
anti‑ganglioside antibody rates were significantly increased in 
patients with GBS. In addition, positive anti-ganglioside anti-
body rates were higher in patients with severe GBS compared 
with those with mild GBS, although no significant difference 
was identified. This revealed that anti‑ganglioside antibodies 
may be associated with the severity of GBS; however, larger 
numbers of patients with GBS are required to verify these 
results in for future studies. The antibody-positive rates of the 
mild and severe patients with GBS are in accordance with the 
results regarding the mRNA levels of TLR2, TLR4, MyD88 
and NF-κB, which further suggests that TLR2, TLR4 and their 
signaling pathways are involved in the pathogenesis of GBS.

The results of the present study revealed that TLR2, TLR4, 
MyD88 and NF-κB mRNA increased significantly in GBS, 
and that activated TLR2 and TLR4 are able to promote the 
abnormal secretion of TNF-α and IL-1β. However, anti‑gangli-
oside antibodies produced due to molecular mimicry were 
shown to be significantly associated with GBS and the severity 
of GBS. In conclusion, the present study further supported the 
hypothesis that TLR2, TLR4 and their signaling pathways 
are functionally involved in the pathogenesis of GBS. The 
present study suggested that TLR2, TLR4 and their signaling 
pathways may be potential treatment targets, which requires 
further investigation.
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