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Abstract: Glioma is characterized as strong aggressive and fast proliferation. Astragalus polysaccharide (APS) can
inhibit glioma cell proliferation and improve the immune imbalance. This study observed the impact of APS on glial
fibrillary acidic protein (GFAP) and proliferating cell nuclear antigen (PCNA) expression in C6 glioma rat model. SD
rats were randomly divided into five groups, including control (group A), model group (group B), APS group (group C),
temozolomide (TM) group (group D), and APS + TM group (group E). C6 glioma cells were injected to the rat brain to
establish the animal model. TM was administrated for continuous five days by gavage since the fifth day after injection of C6 glioma cells in group D and E. APS was intraperitoneal injected for continuous 15 days in group C and E.
Glioma volume and inhibition rate were calculated. TGF-β1 and IL-10 levels were tested by ELISA. PCNA and VEGF
expressions were detected by immunohistochemistry. GFAP protein expression was determined by Western blot.
Glioma volume, TGF-β1, IL-10, PCNA, and VEGF levels in group B were higher than that in group A. GFAP expression
was lower in group B compared with group A (P < 0.05). Glioma volume, TGF-β1, IL-10, PCNA, and VEGF levels in
group C, D, and E were obviously lower than that in group B, whereas GFAP expression was higher than group A (P <
0.05). Group E showed the strongest anti-tumor effect, followed by group D and group C (P < 0.05). APS suppressed
rat C6 glioma proliferation and enhanced the anti-tumor effect of TM through regulating PCNA, VEGF, and GFAP
protein expressions and improving immune function.
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Introduction
Glioma is featured as high invasive and poor
prognosis [1, 2]. In recent years, in spite of the
promotion of glioma treatment, such as precise
positioning radiotherapy, minimally invasive
neurosurgery, and chemotherapy drugs targeting cell cycle, the prognosis failed to obtain significant improvement [3, 4]. As an important
biological behavior of glioma, high invasiveness
leads to high recurrence rate and mortality
rate. In clinic, glioma cannot be fully eliminated
by surgery, radiotherapy, or chemotherapy.
Furthermore, adjuvant radiochemotherapy after surgery may decrease the immune function
and affect prognosis. Therefore, improving the
immune state is of great significance in the
treatment of glioma [5, 6]. It is revealed that
the traditional Chinese medicine polysaccha-

ride can enhance the immunity and suppress
glioma proliferation. Astragalus polysaccharide
(APS) can restrain a variety of tumor cell growth
through reducing telomerase activity and inducing cell cycle stagnation. It was confirmed that
APS can suppress glioma cell proliferation and
improve the rat immune imbalance [7, 8].
However, the specific mechanism of APS in suppressing glioma cell growth has not been fully
elucidated. Rat C6 glioma model is widely
applied in the basic research of glioma, since
its biological characteristic is similar to human
[9, 10]. This study detected tumor pathological
morphology, serum cytokine levels, GFAP, VEGF,
and PCNA protein expressions to explore the
potential mechanism of APS on C6 glioma rat
from the aspects of immunity, neovascularization, and glioma related protein.
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Drugs and reagents

Figure 1. C6 glioma rat model establishment. A. C6 glioma cell; B. GFAP positive in model group (× 400); C. Stereotaxic apparatus injection; D. Glioma
general observation.

Rat C6 glioma cell line was
purchased from Shanghai
cellular biochemistry, Chinese academy of medical science. Chloral hydrate, CMC,
and paraformaldehyde were
got from Suzhou Youran
Chemical Co., Ltd. Goat anti
rabbit horse radish peroxidase labeled secondary antibody was bought from Beijing
Zhonghe Zhengan Biological
Technology Co., Ltd. TM was
obtained from Jiangsu Disheng Pharmaceutical Co.,
Ltd. APS was purchased from
Tianjin Sanofi-Aventis Pharmaceutical Co., Ltd. Rabbit
anti GFAP polyclonal antibody was obtained from CST.
TGF-β1 and IL-10 ELISA kits
were got from ZSbio. PCNA
and VEGF immunohistochemistry kit was bought from
Santa Cruz. Microscope was
provided by Olympus. Quantity One software was used
for image analysis. Stereotaxic apparatus was got from
Chengdu Instrument Factory.

Materials and methods

Animal model establishment

SD rats and cell culture

According to the reference [11], the rat was
anesthetized by intraperitoneal injection. The
head was fixed on the stereotaxic apparatus. A
total of 1 μl C6 glioma cells at 1 × 1010/L were
injected to the right brain caudate nucleus at 2
μl/min. Equal amount of normal saline was
injected to the rats in group A.

A total of 75 healthy SD rats at six-month old
and weighted 200-220 g were provided by the
Animal Experiment Center, Chinese Academy of
Medical Science (SYXK-2013-0025). The rats
were randomly divided into five groups, including control, model group, APS group, temozolomide (TM) group, and APS + TM group with 15
in each group. C6 glioma cells were injected to
the rat brain to establish the animal model. APS
was intraperitoneal injected for continuous 15
days at 250 mg/kg/d. TM was intragastrically
administrated for continuous five days since
the fifth day in group D and E at 20 mg/kg/d.
Rats were used for all experiments, and all procedures were approved by the Animal Ethics
Committee of China-Japan Union Hospital of
Jilin University.
16058

Tumor volume and inhibition rate calculation
The rat was killed on the 16th day after surgery.
Tumor volume was measured and inhibition
rate was calculated.
Elisa
A total of 5 ml blood was extracted from the
common carotid artery and centrifuged to
obtain supernatant. Serum TGF-β1 and IL-10
levels were tested using the ELISA kit according
to the manual.
Int J Clin Exp Med 2017;10(12):16057-16063
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Figure 2. Rat brain tissue pathomorphological changes (HE × 400). A.
Control. Cells in alignment, integrate
morphology, and normal structure. B.
Model group. Cells in malalignment.
Some tumor cells embraced the necrotic tissue or proliferative small vessels to form Kranze anatomy (arrows).
Tumor margin exhibited proliferated
capillaries in infiltrative growth. Tumor cells showed large nucleus with
deep staining. C. APS group. D. TM
group. E. APS + TM group.

HE staining
The brain was soaked in paraformaldehyde.
The brain tissue at 1.4 mm posterior to the
bregma was sectioned and embedded. After
stained by hematoxylin and eosin, the slice was
sealed and observed under the microscope.
Immunohistochemistry
The brain was soaked in paraformaldehyde and
sectioned at 5 μm. After dewaxing and antigen
retrieval, the slice was treated by H2O2. Next,
the slice was incubated in primary antibody
(PCNA, VEGF, 1:100), and further treated by
enzyme labeled anti rat/rabbit polymer. After
stained by DAB and treated by dehydration, the
slice was sealed and observed under the microscope. Image-pro plus was used for image analysis. Five views were randomly selected to
record the positive cell number.
Western blot
The glioma tissue was lysed and centrifuged to
obtain the protein. The protein was quantified
by BCA method and separated by SDS-PAGE.
Next, the protein was transferred to membrane
and blocked. Then the membrane was incubated in primary antibody (GFAP, GAPDH, 1:100)
and secondary antibody (1:100). At last, the
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membrane was developed and analyzed by
Quantity One software. Absorbance value ratio
= GFAP absorbance value/GAPDH absorbance
value.
Statistical analysis
All data analyses were performed on SPSS
20.0 software. The measurement data_ was
depicted as mean ± standard deviation ( x ± S)
conforming to normal distribution. The data
were compared by one-way ANOVA and LSD
test. P < 0.05 was considered as statistical
significance.
Results
Phenotype and pathological changes of glioma
rat
The rat activity, water intake, and appetite
decreased after inoculation. The left limb
appeared hemiplegia after 9 days. Protopsis
and peri-orbital bleeding were observed in the
model group on the 10th day. The hair color
and activity in the drug groups (group C, D and
E) were improved compared with those in
model group after 10 days. The rat was killed
on the 16th day after surgery. The brain was
extracted and the tumor was found. GFAP staining was positive, indicating glioma model was
successfully established. HE staining was used
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Decreased serum levels of
TGF-β1 and IL-10 after APS
treatment

Figure 3. Tumor volume and inhibition rate comparison. A. Control; B. Model
group; C. APS group; D. TM group; E. APS + TM group. *P < 0.05, compared
with group A. #P < 0.05, compared with group B. △P < 0.05, compared with
group C. □P < 0.05, compared with group D.

Serum TGF-β1 and IL-10 levels were highest in group B,
followed by group D, group C,
group E, and group A (P <
0.05) (Figure 4), suggesting
APS could inhibit inflammatory through reduce the
secretion of pro-inflammatory cytokines TGF-β1 and
IL-10

Reduced PCNA and VEGF
protein expression after APS administration
As PCNA and VEGF have been demonstrated to
be associated with the pathogenesis of several
tumors, we also measure the expression of
PCNA and VEGF. As seen in Figures 5-7, the
PCNA and VEGF protein expressions in tumor
tissue were higher in group B, which was
reduced in group D, group C, group E, and group
A (P < 0.05) (Figure 5).
The impact of APS on GFAP protein expression
Figure 4. The impact of APS on serum TGF-β1 and
IL-10. A. Control; B. Model group; C. APS group; D.
TM group; E. APS + TM group. *P < 0.05, compared
with group A. #P < 0.05, compared with group B. △P <
0.05, compared with group C. □P < 0.05, compared
with group D.

GFAP protein expression obviously declined in
group B compared with group A (P < 0.05).
GFAP protein level was highest in group A, followed by group E, group D, group C, and group
B (P < 0.05) (Figures 6 and 7).
Discussion

to observe the pathomorphological changes.
The cells in the model group exhibited infiltrative growth. The cell number in the drug group
was obviously lower than the model group,
accompany with necrosis, apoptosis, tumor
cell density decrease, inflammatory cell infiltration, and gliocytes proliferation. APS + TM
group exhibited significant effect (Figures 1
and 2).
Reduced glioma tissue volume after drug
treatment
Compared with control, tumor volume in model
group significantly increased (P < 0.05). Tumor
volume declined in group C, D, and E compared
with model group. The inhibition rate was larger
than 30%. Group E showed the strongest
effect, followed by group D and group C (P <
0.05) (Figure 3).
16060

Affected by the blood brain barrier, some drugs
cannot enter the central nervous system, which
limits the application of chemotherapy drugs.
Because of the invasive growth of glioma, surgery cannot achieve the effect of radical removal. Since intracranial tumor is insensitive to
radiation, the treatment effect on glioma is
poor. Moreover, radiochemotherapy may reduce immune function, thus to affect the clinical treatment effect [12, 13]. APS showed significant inhibitory effect on a variety of tumor
cells. It plays anti-tumor effect through enhancing immune function. This study injected C6
glioma cells to the rat to establish the animal
model, aiming to investigate the effect of APS
on C6 glioma rat. The rat brain was extracted
on the 16th day after modeling. The tumor formation was observed and GFAP was positively
expressed, suggesting successful model estabInt J Clin Exp Med 2017;10(12):16057-16063
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Figure 5. The impact of APS on PCNA (I) and VEGF (II) protein expression (× 400). A. Control; B. Model group; C. APS
group; D. TM group; E. APS + TM group. Quantified data was shown in (III). *P < 0.05, compared with group A. #P <
0.05, compared with group B. △P < 0.05, compared with group C. □P < 0.05, compared with group D.

Figure 6. The impact of APS on GFAP protein expression.

Figure 7. The impact of APS on GFAP protein relative
expression level. A. Control; B. Model group; C. APS
group; D. TM group; E. APS + TM group. *P < 0.05,
compared with group A. #P < 0.05, compared with
group B. △P < 0.05, compared with group C. □P <
0.05, compared with group D.

lishment. HE staining was adopted to observe
the pathomorphological changes. The cells in
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the model group exhibited infiltrative growth.
The cell number in the drug group was obviously lower than the model group, accompany with
necrosis and apoptosis. APS + TM group exhibited significant effect, indicating that APS can
suppress C6 glioma growth and enhance the
anti-tumor effect of TM.
TGF-β1 can be synthetized and secreted by glioma cells. It can promote tumor cell invasion
and local neural microglia differentiation,
resulting in immunosuppression microenvironment, which is in favor of tumor growth, VEGF
and MMPs expression, and glioma invasion and
metastasis [14, 15]. Consistent with the role of
TGF-β1 in the promotion of tumor cell invasion
and metastasis, we found significantly higher
level of TGF-β1 in model group, which were
reduced after treatment, further supporting the
involvement of TGF-β1 in the pathogenesis of
glioma. Regulatory T cell plays its role as inhibitory effector T cell by secreting IL-10. IL-10
leads to the immune tolerance of regulatory T
cell on glioma cells via reducing dendritic
cell and antigen-presenting cell related molecule expression and decreasing cellular immunity [16, 17]. Our results showed that serum
IL-10 level was obviously declined in the drug
group, suggesting that APS may play its antitumor effect by regulating TGF-β1 and IL-10
expressions and improving immunosuppres-
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sive state. However, the molecular mechanism
by how APS affects the expression of TGF-β1
and IL-10 remains unclear and requires further
investigations.
Tumor invasion and metastasis are related to
angiogenesis. Glioma malignancy and prognosis show certain correlation with blood vessel
density in the tissue. VEGF plays a critical role
in the pathological and physiological angiogenesis. It was showed that VEGF overexpressed in
glioma tissue [18, 19]. Consistent with this, in
this study, we also found that VEGF level in glioma tissue was markedly higher than the normal
brain. VEGF declined in drug group, revealing
that APS may suppress glioma angiogenesis
and block C6 glioma growth through regulating
VEGF expression. PCNA is closely associated
with cell cycle and can reflect tumor growth.
Cyclin-CDK complex can bind with PCNA to regulate cell cycle. PCNA expression is related to
glioma malignancy and prognosis. PCNA positive expression rate increases following glioma
pathological upgrading. GFAP mainly distributes in the astrocytes of the central nervous
system. GFAP expression is correlated with
tumor cell differentiation [20-22]. In our study,
PCNA expression was obviously higher in glioma tissue compared with normal control, while
GFAP level was markedly lower. PCNA declined,
whereas GFAP elevated in drug group, indicating that APS plays its anti-tumor effect might
via regulating PCNA and GFAP proteins.
However, the exact mechanism by how APS
regulates the expression of PCNA and GFAP in
glioma was not investigated in the present
study, which would be the main study limitation
of our study. Further studies on the molecular
mechanism are required in the future.
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Conclusion
APS suppressed rat C6 glioma proliferation and
enhanced the anti-tumor effect of TM through
regulating PCNA, VEGF, and GFAP protein
expressions and improving immune function.
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