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Introduction

As a well‑known traditional Chinese medicine  (TCM), 
Cordyceps sinensis  (CS), also known as Ophiocordyceps 
sinensis fungi, exhibits multiple functions including 
immunomodulation, antitumor, hematopoietic facilitation, 
anti‑inflammatory, bacteriostasis, and antiarrhythmic 
properties, with less adverse effects. So far, it has been 
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Background: As a traditional Chinese medicine, Cordyceps sinensis  (CS) possesses a variety of immunoregulatory properties. 
This study aimed to explore the therapeutic potential of CS in a mice model of multiple sclerosis  (MS)‑experimental autoimmune 
encephalomyelitis (EAE).
Methods: Female C57BL/6 mice were immunized with myelin oligodendrocyte glycoprotein35–55 to induce EAE, followed by an instant 
intragastric feeding with a low dosage of CS (low‑CS group, n = 5), high dosage of CS (high‑CS group, n = 5), or the same volume of 
normal saline (control group, n = 5). All the mice were observed for clinical assessment. Over the 30 days of CS treatment, flow cytometry 
was used to detect the frequency of helper T‑cell (Th) subsets, Th1 and Th17, and CD4+ CD25+ regulatory T cells in the spleen and lymph 
nodes. Meanwhile, pathological changes in brain were determined using both hematoxylin‑eosin and luxol fast blue staining. Data were 
analyzed using the one‑way analysis of variance (ANOVA).
Results: Over the 15 and 30 days of CS treatment, the clinical assessment for EAE demonstrated that both high‑CS group (2.51 ± 0.31 
and 2.26 ± 0.39 scores, respectively) and low‑CS group (2.99 ± 0.40 and 2.69 ± 0.46, respectively) had lower disease severity scores 
than those of control group (3.57 ± 0.53 and 3.29 ± 0.53, all P < 0.01, respectively). Meanwhile, after 15 and 30 days, the high‑CS 
group (19.18 ± 1.34 g and 20.41 ± 1.56 g, respectively) and low‑CS group (18.07 ± 1.18 g and 19.48 ± 1.69 g, respectively) had a lower 
body weight, as compared with control group (16.85 ± 1.15 g and 18.22 ± 1.63 g, all P < 0.01, respectively). At 30 days post‑CS treatment, 
there was a lower Th1 frequency in the lymph nodes (2.85 ± 1.54% and 2.77 ± 1.07% vs. 5.35 ± 1.34%, respectively; P < 0.05) and 
spleens (3.96 ± 1.09% and 3.09 ± 0.84% vs. 5.07 ± 1.50%, respectively; P < 0.05) and less inflammatory infiltration and demyelination 
in the brain of CS‑treated mice than that of control group.
Conclusions: Our preliminary study demonstrated that CS efficiently alleviated EAE severity and EAE‑related pathology 
damage and decreased the number of Th1s in the periphery, indicating its effectiveness in the treatment of murine EAE. Thus, 
our findings strongly support the therapeutic potential of this agent as a new traditional Chinese medicine approach in MS 
treatment.
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clinically administrated for the treatment of various human 
diseases such as chronic bronchitis and chronic renal 
insufficiency.[1]

Multiple sclerosis  (MS) is a demyelinating autoimmune 
disease of the central nervous system  (CNS) and occurs 
predominantly in younger and middle‑aged patients. 
The disease often has a relapsing‑remitting course and 
causes severe neurological disability during the late stage. 
Currently, both immunosuppressive and immunomodulatory 
agents are the recommended options for the treatment of 
MS.[2] Immunosuppressants such as glucocorticoid and 
mitoxantrone produce significant side effects after long‑term 
use, and the costly expense of immunomodulators such 
as interferon  (IFN)‑β and fingolimod  (FTY720) becomes 
a financial burden for most Chinese patients. In contrast, 
increasing evidence has favored the use of TCM such as 
You‑Gui pills and acupuncture in the treatment of MS.[3,4] Of 
note, CS is now attracting more attention as fingolimod, an 
extract of CS bioactive components, has been approved for 
the treatment of MS in most Western countries. However, 
the therapeutic efficacy of this TCM agent remains unclear 
on the treatment of MS. Therefore, in this work, a mice model 
of experimental autoimmune encephalomyelitis  (EAE) 
was employed to observe the initial effect of this agent on 
neurologic deficits, CD4+ T‑cell subsets in the spleen and 
lymph nodes, and EAE‑related brain pathology to provide 
a new TCM approach in MS.

Methods

Ethical approval
The study was approved by the Ethics Committee of Peking 
University People’s Hospital. The treatments for animal were 
in accordance with the National Institute of Health’s Guide 
for the Care and Use of Laboratory Animals. We have taken 
all steps to minimize the animal’s pain and suffering.

Animal preparation
Female C57BL/6 wild‑type  (WT) mice were purchased 
from Beijing Vital River Company  (Beijing, China). All 
experimental mice were bred and maintained under specific 
pathogen‑free conditions in the animal facility of Peking 
University People’s Hospital (Beijing, China).

Establishment of autoimmune encephalomyelitis model
According to the method of Lalive et al.,[5] 21 C57BL/6 WT 
mice (7–8 weeks old) were immunized subcutaneously with 
300 μg of myelin oligodendrocyte glycoprotein  (MOG) 
peptide35–55  (Beijing SBS Genetech Co., Ltd., China) in 
complete Freund’s adjuvant  (Sigma‑Aldrich, St. Louis, 
MO, USA). Each mouse was intraperitoneally administered 
400 ng of pertussis toxin (Calbiochem, Merck, Darmstadt, 
Germany) twice on the day of immunization and 48  h 
later. As a result, among all experimental mice (n = 21), 
17 mice presented with disease, while for the remaining 
four mice, two died and another two were not diseased. 
Clinical assessment for EAE was performed daily after 
disease induction, and disease severity was scored using 

the following criteria:[6]  (1) 0  =  no clinical symptoms; 
(2) 1 = tail paralysis; (3) 2 = hindlimb weakness or partial 
paralysis;  (4) 3  =  complete paralysis of two hindlimbs; 
(5) 4  =  paralysis of both forelimbs and hindlimbs; and 
(6) 5 = moribund or dead.

Cordyceps sinensis treatment
After EAE model was established, CS‑treated mice were 
intragastrically administered 0.4 ml of solution per mouse 
on the day of paralytic symptom appearance. According 
to the completely randomized block design, 15 mice were 
randomly chosen and divided into three groups (n = 5 for 
each group) using the stochastic indicator method: low 
dosage of CS group (low‑CS group; CS: 1 g/kg, 0.05 g/ml), 
high dosage of CS group  (high‑CS group; CS: 5  g/kg, 
0.25 g/ml), and the control group which was administered 
with 0.4  ml normal saline. In all experimental mice, the 
intragastric administration lasted for 30 days consecutively. 
At 15 days and 30 days post‑CS treatment, all the mice were 
observed for clinical assessment of EAE. All mice were 
sacrificed 30  days after the administration for additional 
flow cytometry and histological analyses.

Flow cytometry
The spleen and lymph nodes were mechanically separated, 
followed by a step‑wise filtration of tissues through 70 
μm Cell Strainer. After collection of the floating cells, 
mononuclear cells were obtained by Percoll gradient 
centrifugation and further characterized by the frequency 
of T‑cell subsets by three‑color direct immunofluorescence 
and flow cytometry using a FACScan (Becton Dickinson, 
CA, USA). Cells were washed with phosphate‑buffered 
saline  (PBS; pH  7.2) and resuspended in PBS buffer. 
For intracellular staining, 1  ×  106  cells in a 25‑μl cell 
suspension were prepared and surface stained with peridinin 
chlorophyll protein‑labeled anti‑CD4 antibody or fluorescein 
isothiocyanate‑labeled anti‑CD25 antibody  (eBioscience, 
San Diego, CA, USA). After 30‑min incubation at 4°C, 
cells were washed twice with staining buffer and then fixed 
and permeabilized using a fixation/permeabilization kit (BD 
Biosciences, San Jose, CA, USA). Subsequently, the cells 
were washed and stained with phycoerythrin (PE)‑labeled 
anti‑interleukin  (IL)‑17 antibody, PE‑labeled anti‑IFN‑γ 
antibody, or PE‑labeled anti‑forkhead box P3  (FoxP3) 
antibody (eBioscience, San Diego, CA, USA). After 30‑min 
incubation at 4°C, the cells were washed twice with staining 
buffer and analyzed using FACScan (BD Biosciences, San 
Jose, CA, USA) with BD CellQuest™ Pro software (© 2002, 
BD Biosciences, San Jose, CA, USA) [Figure 1].

Histological analysis
For histological analyses, the mice were anesthetized with 
pentobarbital and then perfused through the left ventricle, 
first with normal saline to eliminate the blood and then with 
buffered 4% paraformaldehyde. The mice brain tissue was 
embedded in paraffin, and 5‑μm‑thick sections that had been 
deparaffinized and rehydrated were stained with hematoxylin 
and eosin (H & E) or luxol fast blue (LFB). Inflammation 
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and demyelination were analyzed to clarify the influence of 
CS treatment on the pathogenesis of EAE.

Statistical analysis
The statistical analysis was achieved by the SPSS 18.0 
statistical software (SPSS Inc., Chicago, IL, USA). Data 
were presented as mean  ±  standard deviation  (clinical 
scores, body weight, and the frequency of T‑cell subsets). 
Data with a normal distribution were analyzed using the 
one‑way analysis of variance (ANOVA), followed by the 
Student-Newman-Keul’s post hoc test for all pairwise 
comparisons. A value of P < 0.05 was considered statistically 
significant.

Results

Cordyceps sinensis treatment for experimental 
autoimmune encephalomyelitis symptoms
C57/BL mice presented with diseases about 14 days after 
the MOG35–55 peptide injection, and their symptoms peaked 
20  days after the injection. The clinical assessment for 
EAE severity on 15 days and 30 days after CS treatment 
demonstrated that both high‑CS group  (2.51  ±  0.30 and 

2.26 ± 0.39, respectively) and low‑CS group (2.99 ± 0.40 
and 2.69  ±  0.46 scores, respectively) had lower disease 
severity scores than control group  (3.57  ±  0.53 and 
3.29 ± 0.53; F = 23.68, P = 0.0001 and F = 37.68, P = 0.0001, 
respectively), in which mice began to experience EAE 
on days 13–14, and the maximum score was around 
4.00 on day 20  [Figure  2]. Meanwhile, the high‑CS 
group  (19.18  ±  1.34  g and 20.41  ±  1.56  g, respectively) 
and low‑CS group  (18.07  ±  1.18  g and 19.48  ±  1.69  g, 
respectively) had a lower bodyweight, as compared with the 
control group (16.85 ± 1.15 g and 18.22 ± 1.63 g; F = 13.53, 
P  =  0.0001 and F  =  13.62, P  =  0.0001, respectively; 
Figure 3).

Frequency of T‑cell subsets
Thirty days after CS treatment, both low‑CS and high‑CS 
groups experienced a decrease in Th1 frequency in the lymph 
nodes (2.85 ± 1.54% and 2.77 ± 1.07% vs. 5.35 ± 1.34%; 
P  <  0.05, respectively) and spleens  (3.96  ±  1.09% and 
3.09 ± 0.84% vs. 5.07 ± 1.50%; P < 0.05, respectively) as 
compared to control group. In addition, the high‑CS group 
had a significantly lower Th17 frequency in the lymph nodes 

Figure 1: Flow cytometry. Region 1 (R1) was selected to set the mononuclear cell gate according to the forward light scatter and side light scatter 
properties for analysis of the Th1 (a) and Th17 (b) frequency. Region 2 (R2) was used to set the second gate to separate CD4+ T‑cells to analyze 
the frequency of CD4+ CD25+ FoxP3+ Treg (c). Staining with isotype control antibodies was used as a control to define the gate.
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than control group (1.79 ± 0.48% vs. 2.41 ± 0.50%, P < 0.05, 
respectively), in contrast to a slightly higher Th17 frequency 
in low‑CS group (3.56 ± 1.48%, F = 5.20, P = 0.02). No 
significant differences in CD4+  CD25+  regulatory T cells 
(Treg) frequency in either the lymph nodes or spleen were 
found between CS‑treated mice and control group [Table 1].

Histopathology
At 30 days post‑CS treatment, in both the high‑CS group and 
low‑CS group, H & E staining displayed less inflammatory 
cell infiltration in perivascular region and brain parenchyma 
than controls. In either of these two CS‑treated groups, LFB 
staining showed significant decrease of demyelination in brain 
parenchyma compared with control group [Figure 4a–4f].

Discussion

Although the etiology of MS remains unclear, it is generally 
believed that a T‑cell‑mediated autoimmune response 
against CNS myelin underlines the pathogenesis of the 
disease.[7] Recent studies have provided strong evidence 
that, in addition to CD4+ Th1, a variety of other immune 
cells such as CD4+ Th17 and CD4+ CD25+ Treg seem to be 
involved in disease pathogenesis by inducing or controlling 
immune response in MS.[8,9] In a cytokine milieu, with TCR 
activation, naïve CD4 T‑cells may differentiate into one of 

Figure  2: Changes in mean disease severity scores in the control 
(EAE; normal saline), low‑CS  (1 g·kg−1·d−1), and high‑CS groups 
(5 g·kg−1·d−1). EAE: Experimental autoimmune encephalomyelitis; 
CS: Cordyceps sinensis.

the several lineages of Th cells including Th1, Th2, Th17, 
and CD4+ CD25+ Treg, as defined by their pattern of cytokine 
production and function.[10] So far, it remains controversial in 
terms of the relative importance of TH1 cells versus Th17 cells 
in EAE pathogenesis. IFN‑γ‑secreting Th1 cells are considered 
the primary effect or of T‑cells in EAE pathology, but EAE 
can occur in IFN‑γ knockout mice.[11] Subsequent studies 
have shown that Th17 cells that secrete IL‑17 and IL‑23 are 
also essential in the development of EAE.[12] As a master 
regulator of immune responses, CD4+CD25+ Treg expressing 
FoxP3 maintain homeostasis between immune activation 
and suppression.[13,14] Animal studies have shown that the 
symptoms of EAE, an animal model of MS, were remarkably 
alleviated after the adoptive transfer of CD4+ CD25+ Treg 
in mice.[15] However, marked disease deterioration was 
observed in EAE mice if CD4+ CD25+ Tregs were removed,[16] 
especially in the mouse model of EAE induced by myelin as 
a self‑antigen.[17] Intriguingly, it is believed that an imbalance 
between Th17 and Treg is associated with MS because of 
the important role that this imbalance has in the induction of 
inflammatory immune responses.[18]

In the present study, we found that, although the symptoms 
in all EAE mice spontaneously remitted in the absence of 
CS intervention, CS‑treated mice demonstrated a remarkable 
delay in peak symptoms and less disease severity, as 

Figure  3: Changes in body weight in the control  (EAE; normal 
saline), low‑CS (1 g·kg−1·d−1), and high‑CS groups  (5 g·kg−1·d−1). 
EAE: Experimental autoimmune encephalomyelitis, CS: Cordyceps 
sinensis.

Table 1: Comparison of frequency of Th subsets in the spleen and lymph nodes in mice model of experimental 
autoimmune encephalomyelitis with different treatments  (n = 5)

Items High‑CS group Low‑CS group Control group F P*
Lymph nodes (%)

Th1 2.77 ± 1.07† 2.85 ± 1.54† 5.35 ± 1.34 6.48 0.0100
Th17 1.79 ± 0.48† 3.56 ± 1.48 2.41 ± 0.50 5.20 0.0200
Treg 6.41 ± 4.40 4.64 ± 3.84 2.20 ± 1.12 1.95 0.1800

Spleen (%)
Th1 3.09 ± 0.84† 3.96 ± 1.09† 5.07 ± 1.50 3.96 0.0400
Th17 3.21 ± 1.42 2.23 ± 1.02 3.98 ± 1.15 2.55 0.1100
Treg 12.82 ± 14.68 11.40 ± 8.89 4.05 ± 2.59 1.06 0.3700

Data were expressed by mean ± SD. *Comparison of frequency of Th subsets among the three groups (high‑CS, low‑CS, and control groups) was 
performed using the one‑way ANOVA, and P<0.05 was considered statistically significant. †P<0.05 for post hoc comparison with control group. 
CS: Cordyceps sinensis dose; Treg: Regulatory T‑cells; Th: Helper T‑cells; SD: Standard deviation; ANOVA: Analysis of variance.
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compared with the controls without CS treatment. In 
agreement with our pathological studies revealing less 
inflammatory infiltration and demyelination in CS‑treated 
mice than controls, these results indicated the therapeutic 
potential of this agent in the treatment of MS. To clarify the 
mechanism of this agent, we further detected the frequency 
of peripheral Th1, Th17, and CD4+CD25+ Treg. CS‑treated 
mice had a lower frequency of peripheral Th1 in the presence 
of either a high‑CS or low‑CS group than control group, 
suggesting that CS can alleviate CNS demyelination at 
least partially through an immunoregulatory mechanism 
by reducing pathogenic Th1 infiltration into the brain. 
Interestingly, we also found that, as compared with control 
group, high‑CS and low‑CS groups had a decreased and 
increased Th17 frequency, respectively, in the lymph nodes. 
This is noteworthy as one previous study by Wang et al.[19] 

reported that different dosages of CS demonstrated distinct 
immunoregulatory effects; with increasing dosages, the 
immunosuppressive effects were more apparent. Thus, we 
speculate that CS may modulate the differentiation and 
proliferation of encephalitogenic T‑cell subsets such as 
Th1 and Th17 in a dose‑dependent manner. Nevertheless, 
more efforts, such as increase of sample size and study on 
the influence of CS on inflammatory immune responses 
within the CNS, should be made to elucidate the possible 
mechanism of this TCM agent in the treatment of EAE.

Our preliminary study demonstrated that CS efficiently 
alleviated EAE severity and EAE‑related pathology and 
resulted in a lower Th1 number in the periphery, indicating 
its effectiveness in the treatment of murine EAE. Thus, our 
findings strongly support the therapeutic potential of this 

agent as a new TCM approach for MS. However, this study 
had some limitations: an obvious limitation of this study 
was the limited sample size, and this study did not elucidate 
the possible mechanism of CS in EAE treatment. Future 
investigations using a larger sample size or even conducting 
a clinical trial would help to gain more insight into the 
therapeutic potential of this agent in the treatment of MS.
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