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A b s t r a c t

Huangqi glycoprotein (HQGP) is prepared from Astragalus membranaceus by ammonium sulfate precipitation.  
It was indicated that HQGP has an immunoregulatory effect. In this study, we established a chronic experimental 
autoimmune encephalomyelitis (EAE) model and observed the therapeutic effect and possible mechanisms of HQGP 
(intraperitoneally at 1 mg/kg/day) on EAE. The results showed that HQGP delayed onset and ameliorated severity  
of EAE, and reduced the infiltration and accumulation of pathogenic T cells in the central nerves system (CNS).  
HQGP also reduced the production of IL-6, IL-17 and TNF-α and increased the level of IL-10. However, the level of 
IFN-γ production was also increased in HQGP-treated mice compared with EAE control mice. In brain, chemokines 
such as CCL2 and CCL5 were inhibited in HQGP-treated EAE compared with control mice. These results demonstrate 
that HQGP alleviates the pathogenesis of EAE possibly by suppressing the neuroinflammation and decreasing the 
secretion of chemokines and cell adhesion.
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Introduction

Multiple sclerosis (MS) is an autoimmune inflam-
matory disease of the central nervous system (CNS). 
The pathological changes include infiltration of 
immune cells, demyelination and axonal loss in the 
CNS [8]. Experimental autoimmune encephalomy-
elitis (EAE), a  well-established animal model of MS, 
exhibits similar pathological characteristics and clin-

ical manifestations as human MS. In recent years, 
due to the rapid development of neuroimaging and 
molecular biology, the number of clinically diagnosed 
MS patients has been increasing. In contrast, there is 
no economical and effective treatment.

In the pathogenesis of MS and EAE, autoreactive  
T cells are first activated in the periphery and migrat-
ed through the blood-brain barrier (BBB) into the CNS. 
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Cytokines and chemokines play an important role 
in the inflammatory process by regulating the acti-
vation, proliferation and migration of immune cells. 
Meanwhile, the process of inflammation of EAE/MS 
is accompanied by increased levels glutamate and 
excitotoxicity. The detrimental effects of glutamate 
in EAE/MS pathogenesis was mediated by a  large 
family of glutamate receptors [24]. The expression 
of chemokines is significantly correlated with dis-
ease severity [3,4]. Among them, CCL2 (MCP-1) plays 
a major role in the recruitment of monocytes in CNS 
lesions of MS [11]. In murine EAE, the expression of 
CCL2 in the brain and spinal cord was up-regulated 
and enhanced the proliferation and recruitment of  
T cells into the CNS, which causes more pathologi-
cal inflammation [10]. In the pathophysiology of EAE, 
CCL2 and CCL5 (RANTES) contribute to the regula-
tion of the intracerebral adhesion of leukocytes [7]. 

Huangqi glycoprotein (HQGP) is one of the extracts 
of Astragalus membranaceus. It was indicated that 
HQGP has an immunoregulatory effect. Our previ-
ous studies showed that HQGP can delay onset and 
ameliorate severity of EAE, accompanied by reduced 
neuroinflammation of EAE via reducing the number 
of reactive T cell subsets and inhibiting the secretion  
of inflammatory cytokines [25]. In this study, we aimed 
to further explore novel potential mechanism(s) of 
HQGP in suppressing the development of EAE mice.

Material and methods

Animals

Female C57BL/6 mice, 8-10 weeks old and with 
body weight of 18-20 g, were purchased from Vital 
River Laboratory Animal Technology Co. Ltd. (Beijing, 
China). All experiments were conducted in accor-
dance with the guidelines of the International Coun-
cil for Laboratory Animal Science. The study was 
approved by the Ethics Committee of Shanxi Datong 
University, Datong, China.

Huangqi glycoprotein

HQGP was provided by the experimental center 
of Shanxi University of Chinese Medicine. The main 
chemical components of Astragalus membranaceus 
were Astragalus polysaccharides, saponins, flavonoids, 
trace elements and amino acids. Astragalus membrana-
ceus was extracted by Tris-HCl buffer. The crude extract 
was captured by anion exchange chromatography, and 
finely separated by hydrophobic chromatography and 

gel filtration chromatography. The result showed that 
the electrophoretically pure HQGP was obtained by  
the three-step purification of Q Sepharose Fast Flow, 
Butyl Sepharose High Performance and Superdex 
75 10/300 GL from the crude extraction. The relative 
molecular weight of HQGP was 16.801 kDa.

EAE induction and HQGP treatment

Induction and assessment of EAE were per-
formed as in our previous study [25]. Chronic EAE was 
induced by subcutaneous immunization of the upper 
dorsal flanks with 300 μg of MOG35–55 in Freund’s 
complete adjuvant (Sigma, USA) supplemented with 
3 mg/ml of Mycobacterium tuberculosis H37Ra (BD 
Difco, USA) (400 μg/mice). Mice were then injected 
with 700 ng of pertussis toxin (Enzo Life Sciences, 
USA) via the abdominal cavity at the same time of 
immunization and again 48 h later. Clinical assess-
ment of EAE scores was evaluated daily using the 
international general scale of 0-5 as instructed [23]. 

HQGP dissolved in normal saline (NS) was injected 
intraperitoneally at 1 mg/kg/day on day 3 post-immu-
nization (p.i.) until day 21 p.i. The injection of NS was 
set up as a control in a similar manner.

Histology and immunohistochemistry

On day 22 p.i., mice were perfused and fixed with 
saline and 4% (w/v) buffered paraformaldehyde.  
The brains and spinal cords (lower thoracic-lumbar) 
were removed and sliced (10 μm). The pathological 
changes were detected by hematoxylin/eosin (H&E) 
staining. For immunohistochemistry, non-specific 
binding was blocked with 3% bovine serum (Sero-
tec, UK) in 0.3% Triton X-100/PBS for 30 minutes at 
room temperature (RT). The sections were incubat-
ed with anti-CD4 (1 : 1000; eBioscience), anti-CD68  
(1 : 1000; eBioscience), anti-CCL2 (1:500; Abcam UK), 
and anti-CCL5 (1 : 500; Abcam UK) at 4°C overnight. 
The sections were incubated further with correspond-
ing secondary antibodies at RT for 2 h. The negative 
controls were treated similarly, but the primary anti-
bodies were omitted.

Cytokine ELISA

On day 22 p.i., mice were sacrificed and spleens 
were removed under aseptic conditions. Suspension 
of mononuclear cells (MNCs) was prepared from 
spleen and cultured for 72 h at 37°C in a humidified 
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atmosphere containing 5% CO2. The supernatant of 
cells was collected, and levels of IL-6, TNF-α, IFN-γ, IL-10 
and IL-17 were measured using sandwich ELISA kits 
(R&D Systems Inc) in accordance with the manufac-
turer’s instructions. Determination was performed in 
duplicate in 3 independent experiments. The results 
were expressed as pg/ml.

Western blot analysis

Proteins from brains were extracted and protein 
concentrations were determined by a Bradford pro-
tein assay. Equal amounts of protein (30 μg) were 
separated by SDS-PAGE, and transferred onto PVDF 

membrane (Millipore). Membranes were blocked 
with 5% non-fat milk, and incubated with anti-
CCL2 (1 : 500, Pepro tech Inc.), anti-CCL5 (1 : 500, 
Pepro tech Inc.) and anti-GAPDH (1 : 1,000, Epito-
mics) overnight at 4°C. After washing in TBST, the 
immunoblots were incubated with HRP-conjugated 
secondary antibodies (Thermo Scientific, MA, USA) 
at RT for 1 h. Bands were visualized by a chemilumi-
nescence (ECL) kit under an ECL system (Millipore).

Statistical analysis

All values were expressed as the mean ± SD and 
analyzed by GraphPad Prism software. A  level of  
p < 0.05 was considered statistically significant.

Results

HQGP delays onset and ameliorates 
severity of EAE

To observe the therapeutic effect of HQGP in 
EAE, HQGP was injected intraperitoneally on day 
3 p.i. of EAE. The result showed that the incidence 
of EAE was 100% and there was no death. In the 
EAE group, the mean onset date was day 9.89 ± 
0.93, and the mean maximum score was 4.28 ± 0.15.  
The HQGP treatment delayed onset (15.22 ± 2.54,  
p < 0.001) and reduced the maximum clinical score 
(2.00 ± 0.42, p < 0.001) (Table 1, Fig. 1).

HQGP inhibits inflammation

We evaluated the pathology of CNS inflammation. 
As shown in Figure 2A, mice with EAE showed exten-
sive infiltration of immune cells in spinal cord (15.67 ± 
2.08). The HQGP treatment significantly inhibits infil-
tration of immune cells into the spinal cord compared 
with the EAE control (6.33 ± 1.53, p < 0.01).

Immunohistochemistry shows extensive infiltra-
tion of inflammatory CD4+ T cells and CD68+ macro-
phages in spinal cords (Fig. 2B). The HQGP treatment 
obviously reduced the infiltration of CD4 T+ cells and 
CD68+ macrophages in spinal cords as compared 
with control EAE (Fig. 2B).

Table 1. Clinical score and body weight of experimental autoimmune encephalomyelitis mice

Group n Incidence (%) Mean onset date (days) Mean score of maximal symptoms 

EAE 9 100 9.89 ± 0.93 4.28 ± 0.15

HQGP 9 100 15.22 ± 2.54a 2.00 ± 0.42a 
ap < 0.001. Data are expressed as mean ± SD. 
EAE – experimental autoimmune encephalomyelitis, HQGP – Huangqi glycoprotein

Fig. 1. Huangqi glycoprotein delayed onset and 
ameliorated severity of experimental autoim-
mune encephalomyelitis. A) Clinical score. B) Body 
weight. ap < 0.01; bp < 0.001.
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Fig. 2. A) Inflammation stained with 
H&E stain. The number of inflam-
matory foci (> 20 mononuclear cells/
focus) in whole spinal cord was cal-
culated by Image-Pro Plus software. 
Mice with experimental autoimmune 
encephalomyelitis (EAE) showed 
extensive infiltration of immune 
cells in spinal cord. When compared 
with the EAE control, Huangqi gly-
coprotein (HQGP)-treated mice had 
a  significant improvement in the 
extent of inflammation in spinal 
cords (**p < 0.01). Representative 
patterns were obtained from one 
of three experiments with similar 
results. B) The infiltration of CD4+  
T cells and CD68+ macrophage in 
spinal cords. The infiltration of CD4+ 
T cells and CD68+ macrophage was 
significantly lower in the HQGP-treat-
ed group compared with control EAE 
mice. Representative patterns were 
obtained from one of three experi-
ments with similar results.
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HQGP inhibits the inflammatory 
cytokines

The increased number of infiltrating immune 
cells in the CNS would produce pro-inflammatory 
mediators to create an inflammatory microenviron-
ment. In our study, we measured levels of cytokine 
IL-6, TNF-α, IFN-γ, IL-10 and IL-17 in the supernatant 
of cultured splenic MNCs. As expected, levels of IL-6, 
IL-17 and TNF-α were significantly suppressed, and 
the level of IL-10 was significantly increased in mice 
treated with HQGP compared with control EAE mice 
(Fig. 3, p < 0.05). However, the level of IFN-γ produc-
tion was also increased in HQGP-treated mice com-

pared with EAE control mice (p < 0.05). These results 
indicate that HQGP alleviates the neuroinflammato-
ry microenvironment of spinal cord by inhibiting the 
infiltration of immune cells. 

�HQGP suppresses the expression  
of CCL2 and CCL5 protein in EAE mice

To understand the mechanism of HQGP in inhib-
iting the migration of inflammatory cells into the 
CNS, we stained brain slices of EAE mice with anti-
CCL2 and anti-CCL5 antibodies. In EAE mice treated 
with HQGP, the expression of CCL2+ and CCL5 in 
brain was obviously reduced compared with saline 
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Fig. 3. Huangqi glycoprotein reduces inflam-
matory responses in the peripheral immunity.  
The supernatant of mononuclear cells of spleen 
was collected. Production of IL-6, TNF-α, IFN-γ, 
IL-10 and IL-17 was measured using ELISA kits. 
*p < 0.05.
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control mice (Fig. 4), suggesting that inhibition of 
CCL2 and CCL5 expression might reduce the infiltra-
tion of inflammatory cells into the CNS in EAE.

We further detected the expression of CCL2 
and CCL5 protein derived from brain using Western 
blot techniques. As expected, the HQGP treatment 
decreased levels of CCL2 and CCL5 protein in brains 
compared with control EAE mice (Fig. 5, p < 0.05). 
These data were in agreement with the immunohis-
tochemistry results (Fig. 4).

Discussion

The therapies of western medicine have poten-
tial side-effects and high prices. Traditional Chinese 
medicine (TCM) can be used to treat the complex and 
varied presentations of MS, with few side-effects [13]. 
HQGP, an effective component extracted from Astrag-
alus membranaceus had positive effects on neuropro-
tective and immune regulation in MS/EAE [25]. Long-

term usage of HQGP has few side-effects and large 
potential benefits. 

Our study showed that HQGP delayed the onset 
of EAE and ameliorated the severity of EAE. Consis-
tent with clinical improvement, HQGP inhibited the 
migration of inflammatory cells into the spinal cord. 
The disruption of the blood brain barrier (BBB) and 
the migration of activated T-cells and macrophages 
across the BBB have a critical role in the occurrence 
and development of MS and EAE [20,1]. In the com-
plex process of EAE, various cells of the immune sys-
tem, including CD4+ Th1 and Th17, γδT cells, CD8+  
T cells, Treg cells and macrophages, are involved 
[12]. The inflammatory infiltration in the CNS mainly 
consists of activated T cells and macrophages [16]. 
Immunofluorescence labeling indicated that the 
number of infiltrated CD4+ T cells and CD68+ macro-
phages also decreased after HQGP treatment. These 
data presented for the first time demonstrate that 
HQGP inhibits the infiltration of immune cells into 

Fig. 4. Immunohistochemistry of CCL2 and CCL5 in brain of experimental autoimmune encephalomyelitis 
(EAE) mice. Chronic EAE was induced by subcutaneous immunization with MOG35-55, and injected with 
Huangqi glycoprotein (HQGP) on day 3 p.i. to 21 p.i. On day 21 p.i., mice were sacrificed and the slices of 
brain (10 μm) were stained with anti-CCL2 and anti-CCL5 antibodies. Representative patterns were obtained 
from one of two experiments with similar results.
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the spinal cord, contributing to the reduction of the 
inflammatory microenvironment of the spinal cord 
and the improvement of the clinical score of EAE. 

Th1 and Th17 cells release IFN-g and IL-17, and are 
thought to be the major inflammatory cells, while Th2 
and Treg cells produce IL-4 and IL-10, and are anti-in-
flammatory. TNF-α, IL-1β, and IL-6 were the major 
inflammatory cytokines released by activated macro-
phages [19]. In our current study, HQGP suppressed 
EAE possibly by inhibiting the production of pro-in-
flammatory cytokines IL-6, TNF-α and IL-17 and pro-
moting production of the immunoregulatory cytokine 
IL-10. Collectively, these data demonstrate an immu-
noregulatory effect of HQGP in the treatment of EAE. 
IFN-γ is a  multifunctional cytokine that is involved 
in the initiation and establishment of inflammation, 
and participates in both innate and adaptive immune 
responses. Although IFN-γ was released by Th1 cells, 
the effect in EAE is questionable. It was reported that 
IFN-γ ameliorates EAE by limiting myelin lipid per-
oxidation [21]. Loss of IFN-α enables the expansion 
of autoreactive CD4+ T cells to induce experimen-
tal autoimmune encephalomyelitis [17]. Our results 
showed that HQGP increased the production of IFN-γ, 
accompanied by improvement of the clinical score of 

EAE. It is possible that IFN-γ acts as a disease-limiting 
agent within the CNS but not in peripheral immune 
tissues. These results suggest that HQGP may have 
a different mechanism of action compared with other 
immunosuppressive agents. 

The chemokines expressed by inflammato-
ry lesions in the CNS of MS enhanced recruitment 
of activated Th1 and Th17 cells and macrophages 
across the disrupted BBB. CCL2 was first identified 
as a potent chemotaxin for monocytes in response 
to pro-inflammatory stimuli [14]. CCL2 regulates the 
migration and activation of monocytes, T cells, NK 
cells and basophils and plays an important role in 
innate immunity [18]. The important role of CCL2 for 
Th1 immune responses in the pathogenesis of EAE 
has been reported [9]. Specifically, CCL2 production 
from resident CNS was thought to contribute to the 
recruitment of myeloid dendritic cells and macro-
phages during EAE [5]. A recent study showed that 
less favorable spinal cord expression of CCL2 could 
diminish infiltration of CD4+ T cells, including highly 
pathogenic IL-17 + IFN-γ + cells, and inflammatory 
monocytes into the spinal cord [15]. The pathological 
overproduction of CCL5 is a hallmark of disease pro-
gression in MS [22]. A previous study suggested that 

Fig. 5. The expression of CCL2 and CCL5 protein in brains was measured by Western blot. The results were rep-
resented as representative bands, and quantitative analysis was done from three independent experiments. 
*p < 0.05. 
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induction of leukocyte adhesion to the brain micro-
vasculature is an important mechanism by which 
CCL2 and CCL5 participate in the pathophysiology 
of EAE [6]. Recent data provide evidence that CCL5/
CCR5 might mediate the infiltration of type I T cells 
into the CNS during the disease development of EAE 
[2]. In our study, the HQGP treatment inhibited the 
expression of CCL2 and CCL5, which could decrease 
the infiltration of inflammatory cells in the CNS.

In conclusion, HQGP delays the onset and amelio-
rates the severity of EAE, accompanied by inhibition 
of the inflammatory responses in the CNS. HQGP 
suppresses CNS inflammatory responses possibly 
through inhibiting cytokine/chemokine secretion 
and cell adhesion. Further studies on the cellular and 
molecular mechanisms are still necessary.
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