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Abstract. Myasthenia gravis (MG) is an autoimmune neuro-
logical disease that is characterized by the expression of 
anti‑acetylcholine receptor (AChR) antibodies. The immune 
response at AChRs of neuromuscular junction is disrupted in 
patients with MG, which manifests as skeletal muscle fatigue 
and is aggravated following periods of activity and alleviated 
following rest. Although a novel immune suppressant FTY720 
drug, which exhibits strong immune suppression efficacy and 
minor adverse effects, is available, its role and mechanism in 
MG have not been elucidated. The aim of this study was to 
investigate the role of FTY720 in MG. A total of 60 healthy 
female Lewis rats were randomly assigned into 4 groups: 
Control group, Model group of experimental autoimmune 
myasthenia gravis (EAMG), 0.5 mg/kg FTY720‑treatment 
EAMG group and 1.0  mg/kg FTY720‑treatment EAMG 
group. Body weight and symptoms were examined; Lennon 
score was used to evaluate improvement of clinical symptoms. 
Reverse transcription‑quantitative polymerase chain reaction 
and ELISA were used to test the mRNA and protein expres-
sion levels, respectively, of the helper T (Th)1 and Th2 cell 
cytokines, including interleukin (IL)‑2, interferon (IFN)‑γ, 
IL‑4 and IL‑6 in thymus tissue and serum. FTY720 treat-
ment improved rat MG symptoms, increased body weight and 
decreased Lennon score. FTY720 treatments also reduced 
tissue and serum levels of IL‑2, IFN‑γ and IL‑6, but not IL‑4 
expression levels. FTY720 suppressed the inflammatory 
response and improved EAMG symptoms by inhibiting the 
secretion of inflammatory factors.

Introduction

Myasthenia gravis (MG) is a common autoimmune 
neurological disorder, with an incidence rate between 7.7 

and 15 per 100,000 across all age groups, but with a female 
bias  (1,2). MG is mainly induced by production of an 
acetylcholine receptor (AChR) antibody, which may cause 
abnormal immune responses of AChR at neuromuscular 
junctions, thus depriving its normal neural transmission 
function  (3). Clinical manifestation of MG is general 
skeletal muscle fatigue and blepharoptosis, both of which are 
aggravated following periods of activity and alleviated with 
rest, thus exhibiting relief in the morning and progression of 
symptoms in night (4). MG progression may affect neural 
tissues other than neuromuscular junction or may affect 
non‑neural tissues, which may lead to epilepsy, pyramidal tract 
sign and memory deficit (5,6). The pathogenic mechanism of 
MG is complex and involves genetic, environmental, physical 
and chemical factors (7). As an autoimmune disease, MG 
also involves abnormality in humoral immunity and cellular 
immunity response (8,9).

T helper (Th) cells are subdivided into two sub‑populations, 
Th1 and Th2, based on the differential secretion of cyto-
kines (10). A recent study demonstrated that Th1 and Th2 
cells maintain the Th1/Th2 balance by regulating cytokine 
secretion, thus serving a crucial role in maintaining normal 
immune functions (11). Th1 cells mainly secrete interleukin 
(IL)‑2 and interferon (IFN)‑γ, whereas Th2 cells mainly 
produce IL‑4 and IL‑6 cytokines (12). Through self‑regulation 
and cross‑regulation of secreted cytokines, Th1 and Th2 
maintain a homeostasis and server crucial roles in regulating 
both cellular and humoral immunity  (13). Another recent 
study demonstrated the role of Th1/Th2 secreted factors in 
the occurrence and progression of MG (14). FTY720, also 
known as fingolimod, is a new generation immune suppres-
sant that is extracted from the Traditional Chinese Medicine 
Cordyceps sinensis, with the major component ISP‑I (also 
known as myriocin) having immune suppressing roles that 
induce lymphocyte apoptosis, accelerate matured lymphocyte 
nesting and inhibit translocation of T cells from the thymus 
to the peripheral blood circulation, and thus serving a role in 
transplantation immunity with strong effects and minor side 
effects (15). A recent study confirmed the role of FTY720 
in regulating autoimmune diseases such as encephalomy-
elitis  (16); however, the role of FTY720 in MG remained 
unknown. The aim of the present study was to investigate the 
role of FTY720 in MG and its underlying therapeutic mecha-
nism, as well as providing a basis for the discovery of novel 
treatment approaches for MG.
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Materials and methods

Experimental animal selection. A total of 60 healthy 
female specific‑pathogen‑free (SPF)‑grade Lewis rats 
(age, 2‑3 months; weight, 130±20 g) were purchased from the 
Laboratory Animal Center of Shanghai Jiaotong University 
(Shanghai, China) and were maintained in an SPF‑grade 
facility at a fixed temperature of 21±1˚C, relative humidity 
between 50 and 70% and a 12 h light/dark cycle with free 
access to food and water. This study was approved by the 
Laboratory Animal Management and Ethics Committee and 
followed animal welfare codes in Shanghai Jiaotong University 
Affiliated Sixth People's Hospital.

Materials and equipment. Pentobarbital sodium and lidocaine 
were purchased from Shanghai Zhaohui Pharmaceutical Co., 
Ltd. (Shanghai, China). FTY720 was purchased from Jiangxi 
Haoran Bio‑Pharma Co., Ltd. (Jiangxi, China). R‑AChR 
subunit α region 97‑116 was purchased from Xi'an Lianmei 
Biotechnology Co., Ltd. (Xi'an, China). Complete Freund's adju-
vant (CFA) was purchased from Sigma‑Aldrich (Merck KGaA, 
Darmstadt, Germany). ELISA kits for IL‑2 (cat. no. R2000; 
Rat IL‑2 Quantikine ELISA Kit), IFN‑γ (cat. no. RIF00; Rat 
IFN‑gamma Quantikine ELISA Kit), IL‑4 (cat. no. R4000; 
Rat IL‑4 Quantikine ELISA Kit) and IL‑6 (cat. no. R6000B; 
Rat IL‑6 Quantikine ELISA Kit) were purchased from R&D 
Systems, Inc. (Minneapolis, MN, USA). TRIzol reagent, Total 
RNA Extraction kit, reverse transcription‑quantitative poly-
merase chain reaction (RT‑qPCR) primers, and High‑Capacity 
cDNA Reverse Transcription kit were purchased from 
Invitrogen (Thermo Fisher Scientific, Inc., Waltham, MA, 
USA). A LabSystem 1.3.1 microplate reader was purchased 
from Bio‑Rad Laboratories, Inc. (Hercules, CA, USA). The 
ABI 7700 Fast Real‑Time PCR cycler was purchased from 
Applied Biosystems (Thermo Fisher Scientific, Inc.). An 
ultrapure workstation was purchased from Sutai High‑Tech 
Materials Co., Ltd. (Shanghai, China).

Animal grouping and treatment. Healthy female SPF‑grade 
Lewis rats were randomly assigned into 4 groups (n=15/group): 
i) Control group, which received no treatment; ii) experimental 
autoimmune myasthenia gravis (EAMG) model group, which 
received triplicate subcutaneous injections of the immunogen 
R‑AchR‑α97‑116 (200 µl of CFA per injection at each body 
site) at 3 different body sites (tail, back and foot) on days 0, 30 
and 60; iii) 0.5 mg/kg FTY720 group, which received FTY720 
(0.5 mg/kg) by gavage 15 days post‑EAMG immunization; 
and iv) 1.0 mg/kg FTY720 group, which received FTY720 
(1.0 mg/kg) 15 days post‑EAMG immunization. The EAMG 
model was prepared via injection in the rats with immunogen 
R‑AchR‑α 97‑116 on days 0, 30 and 60 using the same method.

Observation of symptoms and Lennon score. Lennon scoring 
was used to evaluate EAMG model rats in a double‑blinded 
manner  (17). Major symptoms of EAMG include muscle 
weakness, shakiness, body curvature, fatigue and hoarse vocal-
ization. The clinical evaluation was performed based on the 
EAMG clinical grading scales in animal models (rat), which 
were developed by Lennon et al (18). A score of 0 was defined 
as normal, in which rats exhibited muscle strength without 

abnormality. A score of 1 was assigned to rats exhibiting mild 
abnormality of muscle strength, minor decrease of activity, 
weakness of grasping and fatigue. A score of 2 was assigned to 
rats that exhibited significant abnormality in motility, decreased 
activity or body weight, head/tail falling, unstable walking, 
body curvature under resting conditions, curved forelimbs and 
shaking. A score of 3 was assigned to rats that exhibited whole 
body weakness, no activity, body shakiness and dying status, 
which were consistent with previous studies (18,19); a score of 
4 was defined as death. Rats exhibiting boundary phenotypes 
were assigned an additional 0.5 point. All rats were weighted 
prior to tissue collection. The humane cut‑off points were estab-
lished according to a previous study (19).

Sample collection. A total of 20 days post‑EAMG immuniza-
tion, a blood sample (5 ml) was collected from the tail vein from 
rats in each of the 4 groups. Blood samples were centrifuged 
at 3,000 x g for 15 min, and serum was collected and stored 
at ‑80˚C for further assays. Subsequently, rats were sacrificed 
and thymus tissues were collected and stored at ‑80˚C.

ELISA for serum levels of IL‑2, IFN‑γ, IL‑4 and IL‑6. Serum 
samples were examined for the expression levels of IL‑2, IFN‑γ, 
IL‑4 and IL‑6 using ELISA, following the manufacturer's 
protocol. Using a blank control well as the reference, absor-
bance values at 450 nm were measured by a microplate reader. 
A linear regression model was plotted based on the concentra-
tion of standard samples and respective optical density (OD) 
values. Sample concentration was further deduced based on 
OD values and regression function.

RT‑qPCR for expression of Th1 and Th2 cytokines. Total RNA 
was extracted from thymus tissue samples (100 mg) of rats 
using TRIzol reagent. Total RNA purity and quantification 
was examined by UV spectrometry. cDNA was synthesized 
by reverse transcription using High‑Capacity cDNA Reverse 
Transcription Kit (Thermo Fisher Scientific, Inc.) according 
to the manufacturer's instructions via incubation for 5 min at 
95˚C followed by 5 min at 4˚C. Primer Premier 6.0 (Premier 
Biosoft International, Palo Alto, CA, USA) was used to design 

Table I. Primer sequences for reverse transcription‑quantitative 
polymerase chain reaction.

Gene	 Primer sequence (5'→3')

GAPDH	 F: AGTGCCAGCCTCGTCTCATAG
	 R: CGTTGAACTTGCCGTGGGTAG
IL‑2	 F: CCAGGATAGCGATACGAACTT
	 R: GGCATCTCTGCTTCAACCG
IFN‑γ	 F: CGGCTAAGAAATAGCGATCTC
	 R: GGCTCAATCGCTCTCGACT
IL‑ 4	 F: GGATCTAGCCGGAACAATACT
	 R: CGTCTGACATCTGGCAGGAT
IL‑6	 F: GAAGATCTCAATAGCACGT
	 R: AATCTCTCACGTCATCCTTC

IFN, interferon; IL, interleukin; F, forward; R, reverse.
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gene‑specific PCR primers (Table I). qPCR was used to deter-
mine target gene mRNA expression levels using the following 
thermocycling conditions: 1 cycle at 92˚C for 30 sec, followed 
by 35 cycles of 92˚C for 30 sec, 58˚C for 45 sec and 72˚C for 
35 sec, and final extension step at 72˚C for 1 min. Cq values 
were calculated based on internal reference gene GAPDH 
for plotting standard curve, and gene expression analysis was 
performed by the 2‑ΔΔCq method (20).

Statistical analysis. SPSS 19.0 statistical software (IBM Corp., 
Armonk, NY, USA) was used for statistical analysis. Data are 
presented as the mean ± standard deviation. Comparison of 
means among multiple groups was performed by one‑way 
analysis of variance with Tukey's post hoc test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Clinical symptoms, body weight and Lennon score. Healthy 
female SPF‑grade Lewis rats were randomly assigned into four 
groups, including a Control group, an EAMG model group, 
which received injection of the R‑AchR‑α97‑116 immune 
antigen, and two groups of EAMG rats that received either a 
low dose (0.5 mg/kg) or a high dose (1.0 mg/kg) of FTY720 
15  days post‑immunization. Following the second immu-
nization, rats exhibited signs of muscle weakness, whereas 
typical MG symptoms occurred following the third round of 
immunization injections. EAMG model rats exhibited severe 
mental retardation, loss of glossy fur or even detachment, 
hypo‑activity, limb weakness, weakened grasping, decreased 
appetite, body shaking and aggravated lower muscle strength 
following activity. FTY720 treatment slowed the onset of 
disease and alleviated symptoms, with more potent effects 
observed in the high‑dosage group. EAMG model rats exhib-
ited significantly lower body weight compared with the control 
group (P<0.01; Fig. 1). EAMG rats treated with either a low or 
high dose of FTY720 had significantly higher body weights 
compared with untreated EAMG rats (P<0.05 and P<0.01, 
respectively; Fig. 1). The maximum body weight loss was 
60 g (23% total body weight), which was contemplated in the 
documents submitted to the Ethics Committee of the Shanghai 

Jiaotong University Affiliated Sixth People's Hospital for 
approval.

Lennon score of all rats (score was defined as 1 in all 
control rats, data not shown) was evaluated. Rats in the 
EAMG group demonstrated significantly elevated Lennon 
scores compared with control rats (Fig. 2). FTY7210 treatment 
significantly suppressed Lennon scores in a dose‑dependent 
manner compared with both the control group and the EAMG 
group (Fig. 2). These results indicated that FTY720 treatment 
may improve the clinical symptoms EAMG.

Effects of FTY720 treatment on mRNA expression levels 
of Th1 cytokines IL‑2 and IFN‑γ in thymus. RT‑qPCR was 
used to examine mRNA expression levels of Th1 cytokines 
IL‑2 and IFN‑γ in rat thymus tissues. In EAMG model rats, 

Figure 1. Body weight comparison of EAMG rats. Data are presented as the mean ± standard deviation; n=15/group; *P<0.05, **P<0.01 vs. Control; #P<0.05, 
##P<0.01 vs. EAMG. EAMG, experimental autoimmune myasthenia gravis.

Figure 2. Effects of FTY720 treatment on Lennon score of EAMG model 
rats. *P<0.05 vs. Control, #P<0.05, ##P<0.01 vs. EAMG. EAMG, experimental 
autoimmune myasthenia gravis.
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Figure 4. Effects of FTY720 treatment on Th2 cytokine mRNA expression levels in thymus tissues. mRNA expression levels of Th2 cytokines IL‑4 and 
IL‑6 were measured by reverse transcription‑quantitative polymerase chain reaction. *P<0.05, **P<0.01 vs. Control; #P<0.05, ##P<0.01 vs. EAMG. EAMG, 
experimental autoimmune myasthenia gravis; IL, interleukin; Th2, T helper 2 cell.

Figure 5. Effects of FTY720 treatment on expression levels of Th1 and Th2 cytokines in rat serum. Protein expression levels of Th1 cytokines IL‑2 and IFN‑γ 
and Th2 cytokines IL‑4 and IL‑6 were measured by ELISA. *P<0.05, **P<0.01 vs. Control; #P<0.05, ##P<0.01 vs. EAMG. EAMG, experimental autoimmune 
myasthenia gravis; IFN, interferon; IL, interleukin; Th, T helper cell.

Figure 3. Effects of FTY720 treatment on Th1 cytokine mRNA expression levels in thymus tissues. mRNA expression levels of Th1 cytokines IL‑2 and 
IFN‑γ were measured by reverse transcription‑quantitative polymerase chain reaction. *P<0.05, **P<0.01 vs. Control; #P<0.05, ##P<0.01 vs. EAMG. EAMG, 
experimental autoimmune myasthenia gravis; IFN, interferon; IL, interleukin; Th1, T helper 1 cell.
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the mRNA expression levels of IL‑2 and IFN‑γ were signifi-
cantly higher compared with the respective expression levels 
in Control rats (P<0.01; Fig. 3). Low‑dose FTY720 treatment 
significantly decreased IL‑2 and IFN‑γ mRNA expression in 
the thymus tissues compared with expression in the EAMG 
model group (P<0.05; Fig.  3). Rats in the high‑dosage 
FTY720 treatment group exhibited more potent inhibitory 
effects on IL‑2 and IFN‑γ mRNA expression levels (P<0.01 
vs. EAMG; Fig. 3).

Effects of FTY720 treatment on mRNA expression levels of 
Th2 cytokines IL‑4 and IL‑6 in thymus. RT‑qPCR was used 
to examine the mRNA expression levels of Th2 cytokines 
IL‑4 and IL‑6 in rat thymus tissues. In EAMG model rats, 
the mRNA expression levels of IL‑4 and IL‑6 were signifi-
cantly elevated compared with the respective expression 
levels in Control rats (P<0.01; Fig. 4). Rats in the low‑dose 
FTY720 treatment group exhibited a significantly decreased 
expression of IL‑6 mRNA compared with untreated EAMG 
model rats (P<0.05; Fig. 4), and high‑dose FTY720 treatment 
had a more potent inhibitory effect on IL‑6 mRNA (P<0.01 
vs. EAMG). However, neither of the FTY720 treatments 
significantly affected IL‑4 mRNA expression (P>0.05 vs. 
EAMG; Fig. 4).

Effects of FTY720 treatment on protein expression levels 
ofTh1 and Th2 cytokines in serum. ELISA analysis was 
used to determine the effects of FTY720 treatments on Th1 
and Th2 cytokines in EAMG rat serum. In EAMG model 
rats, serum levels of IL‑2, IFN‑γ, IL‑4 and IL‑6 were signif-
icantly elevated compared with protein expression levels in 
Control group rats (P<0.01). IL‑2, IFN‑γ and IL‑6 expres-
sion levels were significantly reduced following low‑dose 
FTY720 treatment (P<0.05 vs. EAMG), with more potent 
inhibitory effects observed in the high‑dosage FTY720 
treatment group (P<0.01 vs. EAMG). No significant differ-
ences were identified for either high‑ or low‑dose FTY720 
treatment on IL‑4 expression levels, compared with EAMG 
model rats (Fig. 5).

Discussion

A previous study has demonstrated the close correla-
tion between MG pathogenesis and humoral and cellular 
immune functions, particularly for cellular immunity (21). 
The Th1‑induced immune response mainly serves a role in 
pathogenic immune responses by increasing IL‑2 or IFN‑γ 
secretion, thus activating inflammatory response, whereas 
the Th2 subpopulation of T cells exerts protective functions 
through the secretion of cytokines that induce an immune 
response (22). During MG pathogenesis, both Th1 and Th2 
cells are able to regulate MG progression through the syner-
gistic effects of the secreted cytokines, with more potent 
effects being attributed to Th1 cytokines (23).

The present study used a R‑AChR‑α97‑116 immunogen 
to generate EAMG model rats, in which the effects of treat-
ment with the novel immune suppressant drug FTY720 
were examine. The present results indicated that FTY720 
treatment was able to reduce muscle weakness symptoms 
of EAMG rats, increase body weight and decrease Lennon 

score, which indicated that FTYP720 treatment may be used 
to examine the mechanisms of MG development, as well 
as a potential immune therapy. Previous results confirmed 
that Th1 cells secreted IFN‑γ to facilitate antigen‑specific 
Th1 cell to generate AchR‑α antibodies, the levels of which 
are increased in muscle and thymus epithelium cells and 
thus indicate a correlation between IFN‑γ and MG produc-
tion (24). Th1 secreted IL‑2 cytokines, which may further 
facilitate the activation of Th cells and natural killer cells, 
lead to cytokine production, as indicated by decreased IL‑2 
levels in MG patients (25). Th2‑cell secreted self‑activating 
factor IL‑4 is an important factor for inducing the humoral 
immune response and is important for AchR‑α antibody 
production, thus serving a crucial role in MG pathogen-
esis  (26); however its functional mechanism remains 
unknown. Expression levels of the Th2‑cell secreted 
IL‑6 cytokine and its receptors have been reported to be 
upregulated in patients with MG, which suggested that 
IL‑6 receptor upregulation may activate T cells and facili-
tate MG pathogenesis. In clinical assessments, increase in 
IL‑6 activity or content may be used as a clinical marker 
for MG (27,28). The present study analyzed the effects of 
FTY720 treatment on Th1 and Th2 cytokine production, 
and confirmed that FTY720 treatment was able to suppress 
IL‑2, IFN‑γ and IL‑6 expression levels in thymus tissues 
and sera, but did not affect IL‑4 levels.

Although the present study obtained significant results, 
there were also a few limitations. First, the specific pharma-
ceutical mechanisms for the function of FTY720 have not been 
fully investigated, which maybe clarified in future studies. 
Second, the sample size of the experimental animals used was 
relatively small. Third, the protective function of FTY720 has 
not been investigated in other animal models, which may also 
be examined in the future studies.

In conclusion, FTY720 treatment suppressed the inflam-
matory response by inhibiting the secretion of inflammatory 
factors, thus improving the symptoms of EAMG. Results from 
the present study may provide additional evidence for EAMG 
pathogenesis mechanism and clinical treatment.
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