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Abstract
Purpose Guillain-Barré syndrome (GBS) is an acute post-
infectious immune-mediated demyelinating disease of the
peripheral nervous system. Th17 cells and osteopontin
(OPN) have been implicated in the development of autoim-
mune diseases, but little is known about their relationship and
roles in the pathogenesis of GBS.
Methods In this study, we used flow cytometry to evaluate
peripheral numbers of Th17, real-time polymerase chain re-
action to assay mRNA expression of RORγt, and enzyme-
linked immunosorbent assay to determined OPN and IL-17
concentrations.
Results The frequency of Th17 cells was significantly higher
in the peripheral blood of acute-stage GBS patients compari-
son with other non-inflammatory neurological diseases
(OND). In line with these observations, the levels of mRNA
expression of RORγt in peripheral blood mononuclear cells
and the concentrations IL-17 in both plasma and cerebrospinal
fluid (CSF) were significantly higher in the acute-stage GBS
than stable-stage GBS. OPN concentrations were significantly
increased in the CSF of acute-stage GBS patients compared to
OND. Circulating Th17 cell populations and CSFOPN levels,
respectively, are correlated with GBS disability scale scores
(GDSs), and there was a positive correlation between them.

Conclusion In summary, our preliminary findings suggest
that both Th17 and OPN may be associated with the patho-
genesis of GBS.
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Introduction

Guillain-Barré syndrome (GBS) is a group of acute,
monophasic, and pathophysiologically heterogenous neuro-
pathic disorders triggered frequently by common infections of
upper respiratory and gastrointestinal tracts in a susceptible
host [1]. According to the electrodiagnostic examination, GBS
is currently classified into two primary subtypes: acute inflam-
matory demyelinating polyneuropathy (AIDP) and acute mo-
tor axonal neuropathy (AMAN) [2]. Although the immuno-
logical mechanisms underlying the disease have not yet been
completely understood, there is strong evidence proving that
both humoral and cellular immune responses are involved in
the pathogenesis of GBS. Some studies suggests that the
AIDP subtype is predominantly caused by T cells directed
against peptides from the myelin proteins P0, P2, and PMP22
[3], and the AMAN subtype is caused by antibodies to gan-
gliosides on the axolemma that target macrophages to invade
the axon at the node of Ranvier [4]. Elevated serum and/or
cerebrospinal fluid levels of pro-inflammatory cytokines, such
as TNF-α, were detected in patients with GBS during active
disease and were correlated with disease activity [5]. In addi-
tion, we found that the number and proportion of CD4+CD25+

Treg cells, which are critical in maintaining immunologic
homeostasis and preventing autoimmunity, were significantly
reduced in acute-stage GBS patients [6]. Knowledge of the
etiology and the pathogenetic steps in immune-mediated
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peripheral neuropathy that lead to demyelination and axonal
damage is rapidly growing but still incomplete.

More recently, a novel CD4+ T cell subset termed Th17
cells has been identified, which associated with retinoic acid
receptor-related orphan receptor (ROR) and signal transducer
and activator of transcription 3 (STAT3) transcriptional factors
in addition to an extensive network of pro-inflammatory cy-
tokines (including interleukin IL-17, IL-6, IL-1, and IL-23) [7,
8]. Various studies have emerged suggesting that Th17 cells
may be a potent inducers in autoimmune diseases through
enhancing the recruitment and facilitating the activation of
neutrophils, stimulating the production of chemokines and
other inflammatory cytokines, and promoting the synthesis
of tissue-damaging proteases [9]. Differentiation of naive T
cells towards a Th17 phenotype is supported by several cyto-
kines including transforming growth factor-β (TGF-β), IL-
1β, IL-6, IL-21, and IL-23 in mice and humans [10–12]. It
was recently demonstrated that Th17 cells are dominantly
associated with human and mouse autoimmune diseases such
as rheumatoid arthritis (RA), multiple sclerosis (MS), inflam-
matory bowel disease (IBD), and systemic lupus erythemato-
sus (SLE) [13–16]. To date, the characteristics and roles of
Th17 cells in patients with GBS have been poorly defined. Li
and colleagues reported an increase in the concentration of IL-
17 in the CSF and plasma of untreated GBS patients compared
with healthy controls [17]. Another study reported
unstimulated GBS CD4+ T cells and GBS CD4+ T cells
stimulated with anti-CD3 and CD28 mAbs had higher relative
RORγt mRNA expression compared to controls [18]. All of
these findings implied the possibility that Th17 cells play a
role in the pathogenesis of GBS.

OPN, also called ‘early T cell–activation gene 1’ [19], is a
negatively charged acidic hydrophilic protein that is produced
by various cell types and participates in diverse physiological
and pathological processes, such as bone mineralization, ox-
idative stress, remyelination, wound healing, inflammation
and immunity [20–22]. It has been well studied that interac-
tions between OPN and its receptors (αvβ3,α5β1 and CD44)
mediated survival, migration and adhesion in many types of
cells [23, 24]. As a pro-inflammatory mediator, OPN plays a
role in the progression of autoimmune diseases through vari-
ous mechanisms, including involving in generation of Th1
and Th17 cells that are pathogenic T cells for autoimmune
diseases [25–27], inhibiting apoptosis of autoreactive immune
cells and recruitment of leukocytes to sites of inflammation
[28]. MS and its animal models, experimental autoimmune
encephalomyelitis (EAE), are certainly the CNS disease in
which the role of OPN has been investigated to a greater
extent. The expression of OPN were elevated in the brains
of rats with EAE but not in brains of rats protected from EAE
[29], and severity of EAE was significantly reduced in OPN
deficient mice [30]. In concordance with those findings in
animal models, OPN transcripts were frequently detected

and were exclusive to the MS mRNA population, but not
found in control brain mRNA [30]. However, the role and
expression of OPN in patients with GBS, an acquired neurop-
athy caused by immune-mediated damage to peripheral
nerves, remain unclear.

To address the reciprocal relationship of Th17 and OPN
and their possible role in the pathogenesis of GBS, we inves-
tigated the frequency of ex vivo IL-17-producing CD4+ Tcells
in peripheral blood and the concentrations of OPN in plasma
and CSF from patients with GBS. The results showed that
both the increased frequency of Th17 and elevated OPN CSF
concentrations were closely associated with the grades on the
functional scale which reflects the severity of inflammation in
the spinal roots.

Materials and Methods

Study Population

We recruited 51 patients fulfilling international criteria for
GBS or its variants [31] from the Medical University of
Harbin between 2009 and 2012. The mean age of GBS
patients (22 males and 29 females) was 35.3±10.9 years
(age range 18–61 years). Patients were classified neurophys-
iologically as AIDP (n =24) and AMAN (n =27), using motor
nerve conduction criteria [32]. Severity of GBS was scored as
the patients worst deficits at the peak of their illness using a
functional disability scale [33]. At the time of sampling, none
of the patients had received any immunomodulatory drugs
within 3 months. CSF and blood samples were collected on
the same day. Patients with chronic-immune-mediated disor-
ders were excluded. The characteristics of all subjects are
shown in Table I. Twenty patients with other non-
inflammatory neurologic diseases (OND; 11 females and 9
males, age 21–60 years, mean age 34.4±10.1 years) were also
enrolled in the study. These patients with the following con-
ditions: 14 chronic intractable headache and 6 normal pressure
hydrocephalus. Plasma samples were also obtained from 20
healthy control subjects (HC), age- and sex matched with the
patient (10 females and 10 males, age 20–59 years, mean age
34.7±12.5 years). Ethical approval was obtained and in-
formed consent was obtained from all patients and healthy
controls. The first peripheral blood and CSF sample was
obtained prior to the start of intravenous immunoglobulin
treatment, within 2 weeks after the onset of neuropathic
symptoms. After standard dose intravenous immunoglobulin
(IVIG), 0.4 g/kg per day for 5 days, was given to all patients,
most patients showed satisfactory improvement of neuropath-
ic symptoms. The second blood samples were available from
31 patients (16 AMAN and 15 AIDP) more than 4 weeks after
the first sample.
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Table I Clinical detail of patients with GBS

No. Sex Age (year) Previous infection Neurophysiological criteria Disability grade Days from onset IVIg

1 F 25 urti Axonal 4 5 Yes

2 F 18 gi Demy 2 3 Yes

3 M 34 gi Demy 1 7 Yes

4 F 28 urti Axonal 2 9 Yes

5 M 43 gi Demy 3 2 Yes

6 F 36 urti Axonal 1 6 Yes

7 F 37 other Demy 1 5 Yes

8 F 41 gi Axonal 3 6 Yes

9 M 42 gi Demy 3 8 Yes

10 M 45 urti Demy 3 11 Yes

11 M 46 gi Demy 2 9 Yes

12 M 24 urti Axonal 5 8 Yes

13 F 26 other Axonal 3 10 Yes

14 F 28 gi Demy 5 5 Yes

15 M 32 urti Axonal 1 8 Yes

16 M 34 gi Demy 4 6 Yes

17 M 47 urti Demy 3 4 Yes

18 F 34 other Demy 2 3 Yes

19 F 36 gi Axonal 2 5 Yes

20 F 26 gi Demy 4 3 Yes

21 F 28 urti Axonal 5 6 Yes

22 M 27 other Demy 4 7 Yes

23 F 29 urti Axonal 4 5 Yes

24 M 42 gi Axonal 3 4 Yes

25 M 32 urti Axonal 2 8 Yes

26 M 31 other Demy 5 4 Yes

27 F 33 urti Axonal 4 3 Yes

28 F 22 gi Demy 4 2 Yes

29 M 35 urti Axonal 2 6 Yes

30 F 36 other Demy 5 4 Yes

31 F 27 urti Axonal 5 7 Yes

32 M 28 gi Axonal 4 8 Yes

33 M 29 other Demy 4 4 Yes

34 F 22 urti Axonal 3 3 Yes

35 F 25 other Axonal 4 6 Yes

36 M 54 urti Demy 5 5 Yes

37 F 25 other Axonal 5 5 Yes

38 F 61 urti Demy 4 4 Yes

39 M 59 gi Demy 4 3 Yes

40 M 29 other Axonal 3 6 Yes

41 M 30 urti Axonal 4 7 Yes

42 F 34 gi Axonal 5 4 Yes

43 F 27 urti Axonal 2 7 Yes

44 F 49 gi Axonal 3 5 Yes

45 M 60 other Demy 3 4 Yes

46 F 58 urti Axonal 4 8 Yes

47 F 25 other Axonal 4 4 Yes

48 M 54 urti Demy 2 3 Yes

49 F 25 other Axonal 3 2 Yes
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Sample Preparations

PBMCs were obtained by standard Ficoll–Hypaque density
centrifugation of heparinized peripheral blood obtained from
the subjects. They were then harvested by pipetting cells from
the Ficoll/serum interface and washed twice. Plasma was
obtained after centrifugation and stored at −80 °C for mea-
surement of cytokine levels.

After lumbar puncture, CSF samples (10–12 ml) were
obtained and collected in polypropylene tubes. The samples
were centrifuged at 2,000 g at 4 °C for 10 min to eliminate
cells and other insoluble material, and were then immediately
frozen and stored at −80 °C pending biochemical analyses,
without being thawed or refrozen. Cell count was performed
on the CSF samples and no sample contained more that 500
erythrocytes/μl.

Flow Cytometric Analysis

Heparinized peripheral whole blood (400 μl) with an equal
volume of complete culture medium (RPMI 1640 supple-
mented with 100 U/ml penicillin and 100 μg/ml streptomycin,
2 mM glutamine and with 10 % heat-inactivated fetal calf
serum, Gibco BRL) were incubated for 4 h at 37 °C, 5 % CO2
in the presence of 50 ng/ml of phorbol myristate acetate
(PMA), 1 μM of ionomycin, and 500 ng/ml of monensin
(all from Alexis Biochemicals, San Diego, CA). PMA and
ionomycin are pharmacological T-cell-activating agents that
mimic signals generated by the T-cell receptor (TCR) complex
and have the advantage of stimulating T cells of any antigen
specificity. Monensin was used to block intracellular transport
mechanisms, thereby leading to an accumulation of cytokines
in the cells. After 4 h of culture, Cells were first stained
extracellularly with combinations of phycoerythrin (PE)
anti-human CD4 (eBioscience, San Diego, CA) at 4 °C for
20 min. Following surface staining, the cells were fixed and
permeabilized according to the manufacturer’s instructions,
and then stained with FITC-conjugated IL-17A (BioLegend,
San Diego, CA) for Th17 detection, PerCPCy5.5-conjugated
IFN-γ (BioLegend, San Diego, CA) for Th1 detection.
Isotype controls were treated to enable correct compensation
and confirm antibody specificity. Flow cytometric analysis
was performed on a fluorescence activated cell sorter
(FACS) Calibur cytometer. Data processing was performed

with CellQuest software (Becton Dickinson, San Jose, CA,
USA).

Enzyme-Linked Immunosorbent Assays for Cytokines

Plasma and CSF OPN and IL-17 concentrations were deter-
mined quantitatively using enzyme-linked immunosorbent
assay (ELISA) kits (R&D Systems) and according to the
manufactory’s introduction. To determine the concentrations
of OPN, serum and CSF samples were diluted respectively
1:10 and 1:25. Briefly, 96-well microtiter plates were precoat-
ed overnight at 4 °C with 2 μg per well of respective mouse
capturing monoclonal antibody in phosphate buffered saline
(PBS). Wells were then blocked at 37 °C for 2 h with 2 %
bovine serum albumin and washed 3 times with cold washing
solution. Each sample and its control were added to the
indicated wells and incubated for 2 h with a biotinylated
detecting antibody. Plates were washed and incubated for
30 min with streptavidin-conjugated horseradish peroxidase
prior to color development. Optical densities were measured
at 450 nm with reference wavelength set at 590 nm. The
detection limits for all cytokines were <15 pg/ml in all assays.

RORγt Expression Determined by Real Time-PCR

RORγt mRNA expression was quantified by real-time PCR
using ABI PRISM 7700 Sequence Detector (Applied
Biosystems, Foster City, CA, USA). The human housekeep-
ing geneβ-actin primers and probe set was used as a reference
for sample normalization. Total RNA isolated from PBMCs
was reverse-transcribed into cDNA using random hexamer
primers. The following primer pairs were used: RORγt, F: 5′-
GCAATGGAAGTGGTGCTGGTT-3′, R: 5′-AGGATGCT
TTGGCGATGAGTC-3′. β-actin, F: 5′-ATCTGCTGGAAG
GTGGACAGCGA-3′, R: 5′-CCCAGCACAATGAAGATC
AAGATCAT −3′.

The primers and probes used in the real-time PCR were
ordered from Sangon (Shanghai, China) and designed not to
amplify genomic DNA. Standard curves were generated from
serial dilutions of purified plasmid DNA encoding the respec-
tive genes with a linear regression R greater than 0.99 and
used to quantify mRNA copy numbers for each sample. The
amplification protocol used was described as follows: 1 ml of
synthesized cDNA product was subsequently added into PCR
mix containing 25 ml of TaqMan 2×PCR master mix

Table I (continued)

No. Sex Age (year) Previous infection Neurophysiological criteria Disability grade Days from onset IVIg

50 F 45 gi Demy 3 6 Yes

51 F 38 other Demy 4 4 Yes

M male; F female; gi gastrointestinal infection; urti upper respiratory tract infection; Demy demyelinating
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(Applied Biosystems), 30 pmol human RORγt primer with
10 pmol probe, 2.5 ml -actin primer/probe set, and distilled
water was added tomake a total reaction volume of 50ml. The
PCR was programmed as an initial incubation for 10 min at
95 °C followed by 40 thermal cycles of 15 s at 95 °C and
1 min at 60 °C. The normalized values in each sample were
calculated as the relative quantity of RORγt mRNA expres-
sion divided by the relative quantity of β-actin mRNA ex-
pression. All reactions were confirmed by at least one addi-
tional independent run.

Statistical Analysis

Normally distributed data sets were analysed by Student’s t -
test, paired t -test, analysis of variance (anova) and linear
regression and correlation analysis (using ‘Primer for Biosta-
tistics’). P <0.05 was considered significant.

Results

Acute-Stage GBS Patients Have an Increased Frequency
of Th17 Cells in Peripheral Blood

For flow cytometric analysis, lymphocytes were first gated
after stimulating for 4 h with PMA and ionomycin. Then cells
were gated on CD4+ lymphocytes and studied for expression
of IL-17. Th17 cells were identified as IL-17+IFN-γ− cells
(Fig. 1). The population of Th17 cell subset as a percentage of
total CD4+ cells was evaluated by flow cytometric analysis.

The percentage of Th17 in healthy controls(1.04±0.43 %,
n =20) and ONDs (0.99±0.33 %, n =20) did not differ signif-
icantly. The percentage of Th17 from acute-stage AMAN
(AMANa; 2.15±0.45 %, n =27, p <0.001) or acute-stage
AIDP (AIDPa; 1.99±0.47 %, n =24, p <0.001) was signifi-
cantly increased comparing with the healthy controls. No
statistical difference was observed between patients with
AMANa and AIDPa. Interestingly, there was a significantly
decrease in the percentage of Th17 cells in patients with stable
AMAN (AMANs; 1.12±0.51 %, n =16, p <0.001) or stable
AIDP(AIDPs; 1.21±0.47 %, n =15, p <0.001) after they were
treated with intravenous immunoglobulin (Fig. 2a). These
results demonstrate that, in GBS patients, the frequency
of circulating Th17 cells was significantly increased at
acute stage and decreased to normal when patient’s
condition was stable after treatment with intravenous
immunoglobulin.

Expression of RORγ t in PBMCs from Patients with CIDP

RORγt is an important transcription factor for the differenti-
ation and development of Th17. To further determine the
change in the number of Th17 cells, we set out to investigate
the expressions of RORγt in PBMCs from AMANa (n =10),
AIDPa (n =10), AMANs (n =10), AIDPs (n =10), healthy
controls (n =10) and OND (n =10). As shown in Fig. 2b, the
levels of RORγt expression were much higher in the AMANa
(34.2±8.5, p <0.01) and AIDPa (35.3±9.3, p <0.01) than
those in the AMANs (22.1±9.5) and AIDPs (24.2±9.9), while
there was no significant difference among AMANs, AIDPs,
OND (21.3±8.7) and healthy controls (23.6±10.2) (p >0.05).

Fig. 1 Strategy for the analysis of
Th17 lymphocytes. Dot plots
shown are representative of one
healthy volunteer (a) and one
patient with Guillain-Barré
syndrome (b). Lymphocytes were
first gated after heparinized
peripheral whole blood from all
subjects stimulated for 4 h ex vivo
with phorbol myristate acetate
(PMA) and ionomycin in the
presence of monensin. Then cells
were gated on CD4+ lymphocytes
and studied for expression of IL-
17. Th17 cells were identified as
IL-17+IFN-γ− cells and the
numbers in each compartment
represent the percentage of Th17
cells in CD4+ positive cells
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Increased IL-17 Concentrations in Plasma and CSF
from Patients with GBS

Plasma IL-17 concentrations in healthy controls (53.4±7.7 ng/
ml, n =20) and OND (49.8±8.2 ng/ml, n =20) did not differ
significantly and did not correlate with age and sex. Plasma
IL-17 concentrations in acute-stage patients with AMAN
(70.7±10.7 ng/ml, n =27, p <0.001) or AIDP (71.8±
10.5 ng/ml, n =24, p <0.001) were significantly increased
comparing with the healthy controls and OND patients,
whereas plasma concentrations of IL-17 in the stable-stage
patients with AMAN (51.4±7.1 ng/ml, n =16) or AIDP (50.1
±6.6 ng/ml, n =15) did not differ significantly from that in
healthy controls or OND (Fig. 3a).

The CSF represents the fluid compartment that is closest to
reflect the immunopathogenic situation in GBS, so we then
sought to compare the concentrations of IL-17 in CSF from
patients with GBS and OND. Acute-stage patients with
AMAN (91.4±8.3 ng/ml, n =24, p <0.001) or AIDP (93.3±
8.2 ng/ml, n =25, p <0.001) had significantly higher IL-17
concentrations in the CSF than the neurological controls (58.8
±8.8 ng/ml, n =20) (Fig. 3b).

In the same GBS patients, the plasma IL-17 concentrations
were significantly decreased after they received a standard
dose intravenous immunoglobulin (Fig. 3c, d).

Increased OPN Concentrations in CSF from Patients
with GBS

Plasma OPN concentrations in acute-stage patients with
AMAN (54.9±14.6 ng/ml, n =27) or AIDP (53.3±9.8 ng/
ml, n =24) did not differ significantly from plasma OPN
concentrations in healthy controls (51.4±9.9 ng/ml, n =20)
or OND (53.3±10.3 ng/ml, n =20) (Fig. 4a). In addition, there

was no significant difference in plasma OPN concentrations
between the stable-stage patients with AMAN (50.3±9.5 ng/
ml, n =16) or AIDP(52.8±9.4 ng/ml, n =15) and healthy
controls or OND. But the CSF OPN concentrations were
significantly increased in acute-stage patients with AMAN
(223.1±19.8 ng/ml, n =25, p <0.001) or AIDP (218.1±
19.6 ng/ml, n =24, p <0.001) comparing with the OND pa-
tients (134.5±19.3 ng/ml, n =20) (Fig. 4b).

Increased Circulating Th17 Cell Populations and Elevated
CSF OPN and IL-17 Concentrations in Patients with GBS are
Correlated with Disease Severity

To determine whether the increase of circulating Th17 cells,
elevated CSF OPN and IL-17 concentrations are correlated
with peripheral nervous injury, we analyzed the correlation
between Th17 frequency, CSF OPN and IL-17 concentrations
and GBS disability scale scores (GDSs) which indicate severity
of peripheral nervous injury. A positive correlation between the
frequency of Th17 cells and GDSs was observed in peripheral
blood of acute-stage patients with AIDP (r =0.541; p =0.006)
or AMAN (r=0.523; p =0.005). Similar results were found
between the level of IL-17 and OPN in the CSF and GDSs
(Fig. 5). Although a trend was noted toward the positive corre-
lation between GDSs and the level of IL-17 in plasma, it was
not statistically significant (data not shown). We also found that
there was a positive correlation between circulating Th17 cell
populations and CSF OPN levels (Fig. 5).

In a multivariate regression analysis where the CSF con-
centrations of OPN, IL-17, circulating Th17 cell populations
and the plasma concentrations of IL-17 were introduced as
independent variables, the CSF concentration of OPN was the
only significant, independent predictor of the area of GBS
disability score (p =0.003, OR=1.668, n =49).

Fig. 2 Acute-stage GBS patients have increased circulating Th17 cell
populations and expression levels of RORγt. a Frequency of Th17 cells
in peripheral blood of patients with acute-stage AMAN (AMANa, n=
27), acute-stage AIDP (AIDPa, n =24), stable-stage AMAN (AMANs,
n =16), stable-stage AIDP (AIDPs, n =15), OND (n =20) and HC (n =
20). The horizontal lines represent the mean values of the groups, and

asterisks show statistical significance (*P <0.01). b The levels of RORγt
expression were much higher in AMANa (n =10) or AIDPa (n =10) than
those of AMANs (n=10), AIDPs(n =10), OND (n =10) or HC (n =10).
The columns represent mean values, the bars represent SD, and asterisks
show statistical significance (*P<0.01)
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Discussion

GBS is an autoimmune acute peripheral neuropathy. Abnor-
mality of cellular immunity is likely involved in the patho-
genesis of the GBS and some forms of experimental autoim-
mune neuritis (EAN). In addition, various proinflammatory
mediators are thought to significantly contribute to this dis-
ease development by recruiting effecter cells to the peripheral
nervous system or by enabling in situ release of other products
toxic for Schwann cells. Accumulating data have suggested
that IL-17-producing Th17 cells appear to be important ele-
ment in the pathogenesis of inflammatory and autoimmune
diseases. OPN has been recently recognized as a key pro-
inflammatory mediator involved in the development of

various inflammatory conditions. It has been demonstrated
also that OPN could regulate Th17 cells development in
certain ways. However, the exact role of Th17 cells and
OPN in the pathogenesis of GBS is not understood.

In this study we have shown for the first time that Th17
cells are present in higher proportions in the peripheral blood
of GBS patients compared with OND or healthy control
subjects, and paralleled with ascendant expression of critical
transcript factors RORγt in PBMCs and special cytokines IL-
17 in both plasma and CSF. Furthermore, the increased circu-
lating Th17 cells and CSF IL-17 concentrations were corre-
lated with disease severity in GBS patients. Several studies on
animal model and human have given a clue that Th17 cells
might be in a key position in the immunolesion of GBS. IL-17

Fig. 4 Increased OPN concentrations in CSF from patients with GBS. a
Plasma OPN concentrations in acute-stage patients with AMAN
(AMANa, n =27) or AIDP (AIDPa, n =24) did not differ significantly
from that in stable-stage patients with AMAN (AMANs, n =16) or AIDP
(AIDPs, n =15), HC (n =20) and OND (n =20). b The CSF OPN

concentrations were significantly increased in AMANa (n =25) or AIDPa
(n =24) comparing with the OND patients (n =20). The horizontal lines
represent the mean values of the groups, and asterisks show statistical
significance (*P <0.01)

Fig. 3 Increased IL-17
concentrations in plasma and CSF
from patients with GBS. a Plasma
IL-17 concentrations in acute-
stage patients with AMAN
(AMANa, n =27) or AIDP
(AIDPa, n =24) were
significantly increased comparing
with OND patients (n =20) or HC
(n =20), whereas plasma
concentrations of IL-17 in the
stable-stage AMAN (AMANs,
n =16) or AIDP (AIDPs, n =15)
did not differ significantly from
that in HC or OND. b AMANa
(n =25) or AIDPa (n =24) had
significantly higher IL-17
concentrations in the CSF than
the neurological controls (n =20).
The horizontal lines represent the
mean values of the groups, and
asterisks show statistical
significance (*P <0.01)
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was found in sciatic nerves of EAN, and the accumulation of
IL-17 was temporally correlated with severity of neurological
signs [17]. Recently, Zhang and colleague found that at the
peak of EAN, the proportion of interleukin (IL)-17A express-
ing cells in cauda equina infiltrating cells, and the levels of IL-
17A in sera were elevated in IFN-γ knockout mice when
compared with their WT counterparts [34]. The findings of
these two studies on animal model suggest a pathological
contribution of IL-17+ cells to the development of EAN. In

human, study showed that GBS patients had higher relative
RORγt mRNA expression in CD4+ T cells, and higher serum
concentrations of IL-17 compared to controls [18]. Our find-
ings are in agreement with another study, which show that
CSF and plasma levels of IL-17 are elevated in GBS patients
compared with HC, and IL-17 levels in CSF are correlated
with GBS disability scale scores [19]. In addition, our group
has recently demonstrated that the frequency of Th17 cells in
CSF and the level of IL-17 in plasma were significantly higher

Fig. 5 The correlations of Th17
frequency, CSF OPN and IL-17
concentrations andGBS disability
scale scores (GDSs). A positive
correlation between the frequency
of Th17 cells and GDSs was
observed in peripheral blood of
acute-stage patients with AIDP
(r =0.501; p =0.024) or AMAN
(r =0.482; p =0.023). Similar
results were found for the level of
IL-17 and OPN in the CSF. There
was a positive correlation
between circulating Th17 cell
populations and CSF OPN levels
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i n ac t ive chron ic in f l ammato ry demye l ina t ing
polyradiculoneuropathy which can be considered the chronic
equivalent of acute inflammatory demyelinating
polyradiculoneuropathy in many ways [27]. These results
strongly supported the possible role of Th17 cells and special
cytokines IL-17 in damage of the peripheral nerves.

Our studies were not designed to explore the functional role
of Th17 cells in GBS. Breakdown of the blood-nerve barrier
(BNB) by activated T cells and its cytokines is an early and
central event in the pathogenesis of nervous system autoim-
mune disorders [35]. Anatomically, the BNB is deficient in the
distal nerve terminals and nerve roots, and these regions are
preferentially affected by an immune attack. It has been dem-
onstrated that Th17 cells could impair blood–brain barrier
integrity by disrupting tight junctions by the mutual action of
IL-17A and IL-22 [36]. Further observations indicate that IL-
17A-induced blood-brain barrier disruption involves the forma-
tion of reactive oxygen species by NAD(P)H oxidase and
xanthine oxidase, which subsequently are responsible for the
disruption and down-regulation of tight junction molecules and
the activation of the endothelial contractile machinery [37].
Therefore, we speculate that Th17 cells and IL-17A may assist
in the disruption of the BNB in GBS; as a result, immune cells
can infiltrate across the barrier and obtain direct access to
myelin and Schwann cells, thus causing demyelination and
axon degeneration. However, further studies are needed to
provide direct insights into the putative immunopathogenesis
of the disease associated with Th17 and cytokines IL-17.

This is also the first study to examine the expression of
OPN in the CSF and plasma of GBS patients. Recently, Moon
et al. found that, in EAN, OPN was abundantly expressed by
infiltrating macrophages in the subarachnoid space and in
some astrocytes in the parenchyma, and the expression of
OPN paralleled the clinical course of EAN [38]. Another
study showed that OPN was upregulated in Schwann cells
of the sciatic nerves of rats with EAN, and it might participate
in the pro-inflammatory process in the peripheral nervous
system during the early stage of EAN [39]. Although the
previous reports imply that OPN expression changes during
the course of autoimmune injury of the PNS, little is known
concerning the changes in OPN expression that may occur in
GBS patients. Our results showed that OPN concentrations
are significantly increased in the CSF of acute-stage GBS
patients compared to OND, whereas there is no significant
difference in the plasma. The CSF represents the fluid com-
partment that is more approximate to target organs of GBS
than the peripheral blood, so it more accurately reflect the
ongoing inflammatory process in the PNS. We did find that
the OPN concentrations in CSF were significantly and posi-
tively correlated with GDSs at the acute phase of GBS. Thus,
OPN appear to play a role in the pathogenesis of GBS and
may be a biomarker for indicating disease severity, which,
however, should be confirmed in future studies with a larger

sample size. In the current study, we could not explain why the
OPN concentrations in CSF were significantly increased in
GBS patients. We presume that Schwann cells in the spinal
roots and peripheral nerves and infiltrating inflammatory cells,
such as macrophages and T cells, may contribute to the origin
of OPN in the CSF of the acute phase of GBS.

In the current study, we found that circulating Th17 cell
populations and CSF OPN levels, respectively, are correlated
with GDSs at the acute phase of GBS, and there was a positive
correlation between them. Most recently, OPN was confirmed
to play an important role in Th17 differentiation. In rheuma-
toid arthritis patients, the levels of OPN correlated significant-
ly with IL-17 production and the frequency of Th17 cells in
synovial fluid, and the effect of OPN in Th17 differentiation
specifically involved OPN receptor CD44 and CD29 and
transcription factor ROR [40]. Shinohara and colleagues re-
ported that intracellular OPN in dendritic cells was required
for regulation of mouse Th17 cells differentiation through
type I interferon receptor by inhibiting IL-27 in dendritic cells
[41].We conjecture that in the inflammation sites of peripheral
nerves, elevated OPN might promotes migration and differ-
entiation of Th17 cells from the blood.

Conclusion

In conclusion, we firstly present here evidence that the fre-
quency of Th17 cells in the peripheral blood and the OPN
concentrations in the CSF were significantly increased in
patients with AMAN and AIDP comparison with other non-
inflammatory neurological diseases. Circulating Th17 cell
populations, CSF IL-17 and OPN levels, respectively, are
correlated with GBS disability scale scores (GDSs). In sum-
mary, our preliminary findings suggest that both Th17 and
OPN may be associated with the pathogenesis of GBS.
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