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Abstract

Objective: Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) is an

immune-mediated disease that targets the myelin sheaths of the peripheral nerves.

Fingolimod is a sphingosine 1 phosphate (S1P) receptor antagonist with a high affinity

for S1P receptors through the Akt–mTOR pathway, and prior research has suggested

that it might be helpful in autoimmune illnesses.

Methods: Chronic experimental autoimmune neuritis (c-EAN) was induced by immu-

nizing Lewis rats with the S-palm P0(180–199) peptide, and then the treatment group

was intraperitoneally injected with fingolimod (1 mg/kg) daily. Hematoxylin and eosin

staining was used to assess the severity of nerve injury. Immunohistochemistry stain-

ing showed that fingolimod’s anti-inflammatory effects on c-EANratsmight be realized

through the NF-κB signaling pathway. Tumor necrosis factor-α (TNF-α), interferon-γ
(INF-γ), interleukin-1beta (IL-1β), interleukin 6 (IL-6), inducible nitric oxide synthase

(iNOS), and intercellular adhesionmolecule-1 (ICAM-1)weremeasured toevaluate the

inflammation levels, and pAkt, p-S6, and p-p65were used tomeasure the abundance of

downstream activationmarkers to determinewhether theAkt/mTOR/NF-κB signaling

pathwaywas activated in the c-EANmodel.

Results: Fingolimod treatment reduced the inflammatory reaction and the expression

of NF-κB in sciatic nerves. It also decreased the mRNA levels of the proinflamma-

tory cytokines TNF-α, IFN-γ, IL-1β, IL-6, iNOS, and ICAM-1 and pAkt, p-S6, and p-p65,

representing the Akt/mTOR/NF-κB signaling pathway.

Conclusion:Our data showed that fingolimod could improve the disease course, allevi-

ate the decrease in inflammation, and reduce proinflammatory cytokines through the

Akt/mTOR/NF-κB axis in c-EAN rats, which could be beneficial for the development of

CIDP-related research.
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1 INTRODUCTION

Chronic inflammatorydemyelinating polyradiculoneuropathy (CIDP) is

an acquired immune-mediatedperipheral neuropathy characterizedby

sensorimotor disorder of the extremities with a relapsing–remitting

or slowly progressive course and accompanied by weakened or elim-

inated tendon reflexes. The characteristics of CIDP are that the

pathology of nerve demyelination and electrophysiology show slow

conduction velocities and conduction blocks (Kuwabara & Misawa,

2019). CIDP is the most common chronic autoimmune neuropathy

and treatable disease, so it should be considered first when a patient

has progressive symmetric or asymmetric demyelinating polyneuropa-

thy. The most widely used therapeutics for CIDP include intravenous

immunoglobulin, corticosteroids, and plasma exchange, but the reac-

tion to each immunotherapy is variable among different patients

(Franques, 2019; Lehmann et al., 2019). It is unclear whether cor-

ticosteroids improve the impairment compared with no treatment,

while because of their widespread availability, low cost, and low-

quality evidence in studies, they are usually used in the clinic. IVIg

exerts anti-inflammatory activity in autoimmune neuropathies, which

includes Fc-dependent and Fab-dependent mechanisms, such as neu-

tralization of autoantibodies, inhibition and abrogation of activated

complement, alteration of FcR expression, and so forth. In addition,

IVIg has fewer side effects and fewer adverse events than corticos-

teroids (Debs et al., 2017; Merkies et al., 2019). PE is a short-term

established treatment in several autoimmune diseases, including CIDP,

which removes circulating autoantibodies and other immune factors,

and as reported in several studies, it has the same efficacy as IVIg, but

rapid deterioration can occur afterward (Chaigne & Mouthon, 2017;

Lieker et al., 2017). Patients with CIDP treated with PE usually require

other maintenance therapies also because it is inconvenient and high

risk comparedwithmedication, and it is not traditionally used in clinical

practice. Currently, most patients are mainly treated with corticos-

teroids and immunoglobulin. At the same time, when the response

to corticosteroids or IVIg is inadequate, other immunosuppressants,

such as azathioprine, cyclophosphamide, or methotrexate, are used,

but there have been no large-scale clinical studies proving that they

have a definite therapeutic effect (Bunschoten et al., 2019; Mahdi-

Rogers et al., 2017; Oaklander et al., 2017). In this study, Lewis rats

were immunized with the P0(180−199) peptide thiopalmitoylated (S-

palm P0(180−199)) at cysteine 181 to create a chronic experimental

autoimmune neuritis (c-EAN) model, which had the highest similarity

to CIDP and can be used for translational drug studies (Kremer et al.,

2019).

Fingolimod is a receptor antagonist of sphingosine 1 phosphate

(S1P), which has a high binding affinity for S1P receptors. As a new oral

immunomodulator, its chemical structure andmechanism of action are

both different from those of other immunosuppressants. Fingolimod

was approved by the Food and Drug Administration, followed by the

European Medicines Agency in 2011 for relapsing–remitting multi-

ple sclerosis treatment (Brinkmann et al., 2010; Kappos et al., 2015;

Wu et al., 2021). Previous studies have suggested that it also plays a

beneficial role in some animal models of autoimmune diseases, includ-

ing type 1 diabetes, lupus nephritis, systemic lupus erythematosus,

and experimental autoimmune encephalomyelitis (EAE), by inhibiting

macrophage and IL-17+ cell infiltration in the peripheral nervous sys-

tem (PNS), selectively confining lymphocytes in lymph nodes, reducing

autoreactiveT-cell recruitment to the central nervous system, andneg-

atively regulating proinflammatory signaling pathways (Cipriani et al.,

2015;Cui et al., 2017;Houet al., 2016; Shi et al., 2018; Tsuji et al., 2012;

Yang et al., 2021).

A study of fingolimod in animalmodels of c-EANproved that it could

inhibit macrophage and IL-17+ cell infiltration in PNS. Oral fingolimod

for CIDP in the clinic was studied in a double-blind, multicenter, ran-

domized controlled trial, which was terminated due to lack of efficacy

(Hughes et al., 2018). There were explanations for the results of that

study, such as that the study design was not suitable, or the patients

were all in a stable stage, so fingolimod does not clearly play a role,

or not all CIDP patients can benefit from fingolimod clinically. In

our study, we investigated whether fingolimod is beneficial to c-EAN

rats and more deeply researched its mechanism for the regulation of

inflammatory factors and signaling pathways.

2 MATERIALS AND METHODS

2.1 Animals

Male Lewis rats at 6−7 weeks of age and weighing 210−230 g

were obtained from the Laboratory Animal Centre of Wuhan Uni-

versity (Wuhan, China). The rats were maintained in groups in a

well-ventilated room at 22 ± 2◦C on a 12-h light/1-h dark cycle

with free access to food and water. All experiments were approved

by the Laboratory Animal Welfare and Ethical Committee of Wuhan

University Renmin Hospital (Issue No. 20191111).

2.2 Induction of c-EAN and clinical symptoms

Rats were randomly assigned to three groups (n = 10/group): the con-

trol group, the c-EAN group, and the fingolimod treatment group. The

control group rats were induced by subcutaneous injection into the

rear tail vein of the rats with 200 μL of inoculum containing 0.5 mg of

Mycobacterium tuberculosis (strain H37RA, Difco) emulsified in 100 μL
of saline and 100 μL of incomplete Freund’s adjuvant (IFA) (Sigma). The

c-EAN group rats were injected with 200 μL of inoculum, similar to the

control group, but200μgof S-palmitoylatedP0(180−199) peptidewas

added. The S-palmitoylated P0(180−199) peptide [AC(palm)KRGRQ

TPVLYAMLDHSRS], obtained by thiopalmitoylation of residue cysteine

at position 181, was synthesized by Hefei Guotai Biotechnology Co.,

Ltd. Then, the control group and the c-EAN group were treated with

normal saline. The fingolimod treatment group was the same as the

c-EAN rats, but they were injected intraperitoneally with fingolimod

(1mg/kg) every day from the first day ofmodel creation toDay 31. This
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dosage has been shown to ameliorate EAN and c-EAN in rats (Kremer

et al., 2019; Zhang et al., 2008).

The clinical scores were assessed daily from Day 1 until 61 dpi

(n = 5). The severity of clinical symptoms was scored as follows:

0 = normal; 1 = reduced tonus of tail; 2 = limp tail; impaired righting;

3 = absent righting; 4 = gait ataxia; 5 =mild paresis of the hind limbs;

6 =moderate paraparesis; 7 = severe paraparesis or paraplegia of the

hind limbs; 8= tetra paresis; 9=moribund; and 10= death.

2.3 Histological studies

Bilateral sciatic nerves were excised, and nerves were stained with

hematoxylin and eosin (H&E) to evaluate overall histology and inflam-

mation. The level of inflammation was quantified as follows: 0, no

inflammation; 1, cellular infiltrates only tissue around the sciatic nerve;

2,mild cellular infiltrates; 3,moderate cellular infiltrates; and 4, serious

cellular infiltrates (Han et al., 2013; Zhang et al., 2014).

2.4 Immunohistochemistry

Transcription factors related to inflammation in the sciatic nerve,

includingnuclear factor κB (NF-κB), retinoic acid-relatedorphan recep-
tor alpha (RORα), and signal transducers andactivators of transcription
5 (STAT5), were analyzed by immunohistochemical staining. The sci-

atic nerves were fixed and embedded in paraffin and then serially

sectioned into 5-μm-thick sections, dewaxed, and washed three times

with phosphate-buffered saline (PBS) for 5min each time. The sections

were heated at 80◦C for 10min in EDTA antigen retrieval solution and

washed three times with PBS for 5 min each time. Endogenous per-

oxidase was inhibited with 3% hydrogen peroxide solution for 10 min,

washed three times with PBS for 5 min each time, and blocked with

5% bovine serum albumin for 20 min after drying. Sections were incu-

bated overnight with the following monoclonal antibodies: anti-NF-κB
(1:100; rabbit; Abcam), anti-RORα (1:200; rabbit; Abcam), and anti-

Stat5 (1:100; rabbit; Abcam). Then, sections were washed three times

with PBS for 5 min each time. The secondary antibody of the cor-

responding species (1:1500; HRP-labeled goat anti-rabbit; KPL) was

added and incubated at 37◦C for 50 min, followed by development

with 3,3′-diaminobenzidine substrate for antibodies. The slices were

treated with 75%, 90%, 100%, and 100% gradient alcohol for 10 min,

dehydrated, dried, cleared with xylene, and sealed with neutral gum.

Counting was performed by two observers blinded to the therapy

received using Fiji software.

2.5 Quantitative real-time PCR analysis

Quantitation of the transcript levels of splenocyte cytokines was

performed by quantitative real-time PCR (qRT-PCR). Tumor necrosis

factor-α (TNF-α), interferon-γ (INF-γ), interleukin-1beta (IL-1β), inter-
leukin 6 (IL-6), inducible nitric oxide synthase (iNOS), and intercellular

adhesion molecule-1 (ICAM-1) mRNA transcript levels were analyzed

relative to the controls in splenocytes (n = 5). Total RNA from the

spleen was extracted using TRIzol (Ambion) and treated with DNase

1, and RNA was reverse transcribed into cDNA using the RevertAid

First Strand cDNA Synthesis Kit (Thermo) following the manufac-

turer’s instructions. Real-time PCR was performed with the following

primers: TNF-α (forward: 5′-ACCTTATCTACTCCCAGGTTCT-3′,
reverse: 5′-GGCTGACTTTCTCCTGGTATG-3′), IFN-γ (forward:

5′-CGAATCGCACCTGATCACTAA-3′, reverse: 5′-TGGATCTGTGGG-
TTGTTCAC-3′), IL-1β (forward: 5′-CTATGGCAACTGTCCCTGAA-
3′, reverse: 5′-GGCTTGGAAGCAATCCTTAATC-3′), IL-6 (forward:

5′- GAAGTTAGAGTCACAGAAGGAGTG-3′, reverse: 5′- GTTTGC-

CGAGTAGACCTCATAG-3′), iNOS (forward: 5′-TGGAGCGAGTTG-
TGGATTG-3′, reverse: 5′- CCTCTTGTCTTTGACCCAGTAG-3′), and
ICAM-1 (forward: 5′-GTATCCATCCATCCCACAGAAG-3′, reverse:

5′-CAGTTGTGTCCACTCGATAGTT-3′). SYBR Green PCRMix (Takara)

was used for quantitative assays with a 7500 Real-Time RCR System

(Applied Biosystems, USA). Relative TNF-α, IFN-γ, IL-1β, IL-6, iNOS,

and ICAM-1mRNA levels were calculated using the 2−ΔΔCT method.

2.6 Western blot analysis

Sciatic nerves were dissected (n = 5) and frozen immediately in

liquid nitrogen. Total protein was extracted, quantified using a bicin-

choninic acid (BCA) protein assay reagent kit (ASPEN), and heated for

10min at 95◦C. Equal amounts of proteinswere separated by 4%–12%

Bis–Tris sodium dodecyl sulfate‒polyacrylamide gel electrophoresis

(Baiqiandu) and transferred to polyvinylidene fluoride membranes

(Millipore). Nonspecific binding sites were blocked by incubation in

5% nonfat dry milk in TBST (Tris-buffered saline, 0.1% Tween 20) for

1 h. Membranes were then incubated at 4◦C for 12 h with primary

anti-Akt antibodies (1:2000; Cell Signaling Technology), anti-phospho-

Akt (pAkt; 1:2000; Cell Signaling Technology), anti-s6k (1:1000; Cell

Signaling Technology), anti-phospho-s6k (ps6k; 1:1000; Cell Signal-

ing Technology), anti-p65 (1:1000; Abcam), anti-phospho-p65 (1:1000;

Abcam), or control GAPDH (1:6000, Abcam). After three washes in

TBST, bound antibodies were detected by incubation with the corre-

sponding secondary antibodies (1:50,000) for 1 h. Data were analyzed

using Image-Pro Plus software, version 6.3 (Media Cybernetics, Inc.,

Rockville, MD, USA).

2.7 Statistical analysis

Data were analyzed using SPSS software (version 21.0). The data

are expressed as the mean ± standard deviation. Significant dif-

ferences in clinical scores between pairs of groups were exam-

ined using repeated measures analysis of variance when the data

were normally distributed, and the Mann–Whitney U test was used

when the variable was not normally distributed. Comparisons among

groups were performed by one-way ANOVA followed by Bonferroni’s

correctionmethod (or theKruskal–Wallis test for nonparametric data).

Significance levels were set at p< .05.
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F IGURE 1 Fingolimod reduced the severity of chronic
experimental autoimmune neuritis (c-EAN). From the 11th day,
comparedwith the control group and the fingolimod treatment group,
the clinical score of themodel groupwas significantly higher, and the
difference was statistically significant. At the end of the experiment,
the rats in the c-EAN group still had some disabilities, which was
statistically significant comparedwith the control group and the
fingolimod treatment group. Data are expressed as themean± SD of
the clinical scores (n= 5, *p<0.05 vs. the control group; **p< 0.05 vs.
the c-EAN group).

3 RESULTS

3.1 Fingolimod reduces the clinical symptoms of
c-EAN

We examined the effect of fingolimod on c-EAN rats. Animals were

randomly divided into a control group, a c-EAN group, and a fingolimod

treatment group. They were treated as mentioned above. Then, the

control group and c-EAN group were treated with normal saline,

and the fingolimod treatment group was intraperitoneally treated

with fingolimod (1 mg/kg) once daily for 30 days from the first day

postimmunization. The c-EAN group exhibited stiffness and difficulty

walking from the 11th day, and symptoms continued to worsen until

19 days postimmunization (dpi), with a maximal clinical score of

6.4 ± 0.84. The disability persisted until 60 dpi without complete

remission. Symptoms occurred in the fingolimod treatment group from

13 dpi and became most serious at 18 dpi with a score of 2.6 ± 2.0.

Compared with the c-EAN group, the fingolimod treatment group

exhibited decreased maximal clinical scores and faster recovery

(Figure 1).

3.2 Fingolimod improves the damage of the
pathology in a c-EAN rat

We excised the sciatic nerves to be stained with H&E to evaluate

inflammatory infiltration in rats. Comparedwith the control group, the

sciatic nerves of the c-EAN group and the fingolimod treatment group

both appeared damaged by inflammatory infiltration, and damage in

F IGURE 2 Fingolimod treatment reduced inflammatory
infiltration in the c-EAN rat. The pathological scores of inflammation in
the different groups were expressed asmean± SD. (A) The
hematoxylin and eosin (H&E) staining of a longitudinal section of the
sciatic nerve (H&Ex100). (B) High-magnification image of area
indicated by the box in panel (A). (C) The quantification of
demyelination in the sciatic nerve of the rat (n= 5, *p<0.05 vs. the
control group; **p<0.05 vs. the c-EAN group).

the fingolimod treatment groups was lighter than that in the c-EAN

rats, indicating that fingolimod improved the lesion of the pathology

(Figure 2).

3.3 Fingolimod reduces the expression of NF-κB
in the sciatic nerve of rats

NF-κB, RORα, and STAT5 are all immune-related transcription fac-

tors, and they were measured by immunohistochemical staining to

determine whether they participated in the inflammatory changes in

the sciatic nerves in the rats. Compared with the control group, the

expression of NF-κB in the sciatic nerves of C-EAN rats increased

significantly, but that of RORα and STAT5 did not change significantly.

Compared with the c-EAN group, the fingolimod treatment group

showed a significant decrease in the expression of NF-κB, while that

of RORα and STAT5 showed no marked change. It can be seen from

the above that fingolimod significantly reduced the expression of

NF-κB in the sciatic nerve but had little effect on that of RORα and

STAT5, indicating that the improvement of the local anti-inflammatory

effect of fingolimod could be achieved by inhibiting NF-κB signaling

(Figure 3).
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F IGURE 3 Fingolimod inhibits the expression of transcription factor NF-κB infiltration in sciatic nerves of c-EAN rats. Sciatic nerves sampled
in the three groups of rats were labeled with NF-κB, RORα, and STAT5 by immunohistochemical staining and the NF-κB changes significantly in
c-EAN group and fingolimod treatment group (n= 5, *p<0.05 vs. the control group; **p<0.05 vs. the c-EAN group).

3.4 Fingolimod changed the inflammatory
cytokines in c-EAN rats

We researched the spleen’s inflammatory cytokines to determine the

fingolimod treatment effect on c-EAN rats. The levels of TNF-α, INF-
γ, IL-1β, IL-6, iNOS, and ICAM-1 were measured in the three groups

at 19 dpi for evaluation. The results showed that, compared with the

control group, these proinflammatory factors in the c-EAN groupwere

significantly increased, and theywere all decreased comparedwith the

c-EAN group (Figure 4).

3.5 Fingolimod suppresses the Akt/mTOR/NF-κB
pathway

Phosphorylation of the kinases Akt, s6k, and p65 indicates that the

Akt/mTOR/NF-κB pathway is activated. We examined the expression

of phospho-Akt (p-Akt), phospho-s6k (p-s6k), andphospho-p65 (p-p65)

in the sciatic nerves of rats by western blotting (Figure 5). Compared

with the control group, the expression of p-Akt, p-s6k, and p-p65 was

increased in the c-EANgroup. The onset of the c-EANmodel could acti-

vate the Akt/mTOR/NF-κB pathway. Then, we measured p-Akt, p-s6k,
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F IGURE 4 Fingolimod decreases the level of proinflammation cytokine in the spleen. ThemRNA levels of TNF-α, INF-γ, IL-1β, IL-6, iNOS, and
ICAM-1 in spleens were analyzed by quantitative real-time PCR (qRT-PCR) (n= 5, *p<0.05 vs. the control group; **p<0.05 vs. the c-EAN group).

F IGURE 5 Fingolimod suppresses the Akt/mTOR/NF-κB pathway. Representative western blot showing expression of the indicated proteins
in control, EAN, and EAN+ fingolimod cohorts. Relative levels of Akt, s6k, and s65 proteins weremeasured as a ratio of
phosphorylated/unphosphorylated protein (n= 5, *p<0.05 vs. the control group; **p<0.05 vs. the c-EAN group).
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andp-p65 in the fingolimod treatment group, and theywereall reduced

in the sciatic nerves. This outcome indicates that fingolimod can alle-

viate the inflammatory response by regulating the Akt/mTOR/NF-κB
signaling pathway.

4 DISCUSSION

To date, there are few effective treatments for CIDP patients. Worse,

some patients do not react to corticosteroids, IVIg, and PE, so they

will always have physical disabilities, such asmotor and sensory abnor-

malities. It is necessary for us to seek new therapeutic drugs that

offer high efficacy. Fingolimod is a receptor antagonist of S1P1, which

has a high binding affinity for S1P receptors, which mediate a wide

range of biological functions and are expressed throughout the body.

The mechanism of action of fingolimod is different from that of other

immunosuppressants that are used to treat CIDP in the clinic. Previous

studies have indicated that fingolimod treats cancer by inhibiting lym-

phocyte egress from secondary lymphoid tissues and the thymus and

inducing lymphopenia (White et al., 2016). In addition, it plays a role

in kidney transplantation, heart failure, and arrhythmia (Cannavo et al.,

2017). It also has certain neuroprotective effects against intracerebral

hemorrhage, amyotrophic lateral sclerosis, Alzheimer’s disease, exper-

imental autoimmune neuritis, and ischemic stroke, but it aggravated

brain edema in the acute stage of cerebral ischemia in diabetic mice

(Carreras et al., 2019; Egom et al., 2011; Fu et al., 2014; Kremer et al.,

2019; Li et al., 2020; McGinley & Cohen, 2021; Skerjanec et al., 2005;

Zhu et al., 2015). However, the mechanism of fingolimod in treating

autoimmune diseases remains indeterminate.

In this study, we researched the therapeutic effects of fingolimod in

c-EAN rats, a ratmodelmimickingCIDP, andwe found a new treatment

strategy for patients. Our research showed that fingolimodwas benefi-

cial for c-EAN rats. Fingolimod could improve the clinical symptoms of

c-EAN rats, reduce the maximum clinical score, expedite recovery, and

shorten the course of the disease, in agreement with reported studies

of EAN and EAE models. However, the effect of fingolimod on autoim-

mune neuropathy is not all effective, and contradictory results with

ours have been reported in a mouse model of spontaneous autoim-

mune peripheral polyneuropathy (Huehnchen et al., 2018). A different

result could have occurred because, in the last study, treatment was

startedwhen the clinical symptomsworsened andnot at the beginning.

Fingolimod alleviated the inflammatory reaction in c-EAN rats.

Histopathology,H&E staining,molecular biology, andqRT-PCRshowed

that fingolimod treatment could significantly reduce the severity of

local and systemic inflammation in c-EAN rats. The results of immuno-

histochemistry showed that the anti-inflammatory effect of fingolimod

on c-EAN rats might be realized through the NF-κB signaling path-

way. TNF-α is upstream of NF-κB signaling, which can regulate it, and

it plays an essential role in complex inflammatory responses in differ-

ent manners (Mohammad Jafari et al., 2021; Ye et al., 2021). Studies

have shown that fingolimod can attenuate the phosphorylation level

of molecules in the NF-κB pathway and decrease the inflammatory

cytokines L-1β and IL-6 to improve neural defects and reduce neu-

ronal damage in cerebral ischemia/reperfusion rats (Zhanget al., 2022).

In addition, fingolimod treatment significantly reduced the expression

of ICAM-1 and INF-γ in an experimental acute hemorrhage model

(Rolland et al., 2013). These results were all consistent with our

study, and they indicated that cytokines related to the NF-κB sig-

naling pathway could be regulated by fingolimod. Furthermore, the

anti-inflammatory effect of fingolimod also showed that it polar-

izes proinflammatory M1 macrophages toward anti-inflammatory M2

macrophages and reduces chronic inflammation and tissue damage

(Zhao et al., 2018).

The mammalian target of the rapamycin (mTOR) signaling pathway

plays important roles in cell metabolism, growth, and proliferation,

and its dysregulation has been implicated in changes in pathology.

S1P1 is a receptor located upstream of the Akt/mTOR signaling path-

way (Ishitsuka et al., 2014; Liu et al., 2009, 2010). Fingolimod, as a

modulator of the S1P1 receptor, has an inhibitory effect on the inflam-

matory response by regulating the Akt/mTOR/NF-κB pathway. Akt

phosphorylation can activate the inflammation-related transcription

factor NF-κB. NF-κB exists in a variety of cells and can regulate immu-

nity, inflammation, stress response, and so forth. It is the intersection of

multiple inflammation-related signaling pathways and can promote the

occurrence of reactions and the release of proinflammatory cytokines.

The phosphorylation of Akt, s6k, and p65 reflects the activity of this

signaling pathway. In our study, we observed that the expression of p-

Akt, p-s6k, and p-p65 increased in the c-EAN group, and these levels

decreased in the fingolimod group, indicating that the Akt/mTOR/NF-

κB pathway was activated in the c-EAN model and that fingolimod

inhibited it. Recently, this pathway was also reported in a study of EAE

mice treatedwith fingolimod (Müller et al., 2017). These results helped

us to define themechanism of fingolimod-mediated immunoregulation

in c-EAN.

In our study, we found that fingolimod alleviated the inflammatory

reaction at the sciatic nerve and regulated the expression of systemic

inflammatory factors and signaling pathways. These results were con-

sistent with previous reports in rats with autoimmune diseases. Of

course, because of the experimental conditions, our research has cer-

tain limitations, such as the sample size and technical level. Several

CIDP patients show little response to the therapeutic drugs that are

used for CIDP patients in the clinic, and these drugs all have different

receptors and mechanisms with fingolimod. On the one hand, we need

more in-depth research on the therapeutic mechanism of fingolimod in

c-EAN rats; on the other hand, more work must be done to determine

whether fingolimod could be beneficial to CIDP patients in the clinic.

At the same time, considering the adverse reactions to fingolimod, we

requiremore research to seek themost suitable dosewithminimal side

effects.

5 CONCLUSIONS

In conclusion, this study showed that fingolimod ameliorated disease

in c-EAN rats, as evaluated by clinical scores, histopathology, and

molecular biology. Moreover, we observed that fingolimod modulated
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inflammatory cytokines and affected the Akt/mTOR/NF-κB axis in

c-EAN rats, which could be beneficial for CIDP patients.
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