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Abstract

The purpose of this study was to investigate the effect of astragalus polysaccharides (APSs), active constituents of astragalus, in the
treatment of hepatocellular carcinoma (HCC) and their potential as a promising candidate for future anticancer drug develop-
ment. Astragalus polysaccharide was administered at different doses to HCC H22-bearing mice to investigate their antitumor
effects. Results revealed that APS inhibited the growth of H22 cells with a tumor inhibition rate in the APS 400 mg-kg ™' group of
59.01%. Astragalus polysaccharides significantly increased the spleen and thymus indexes, and also the interleukin (IL) 2, IL-6, and
tumor necrosis factor o cytokine concentration in serum, indicating that APS influences immune-regulating properties involved in
antitumor activity. In addition, APS increased Bax protein expression and decreased Bcl-2 protein expression; these proteins are
apoptosis-regulating factors responsible for cell death or survival. Further development and exploration of APS may enable it to

become an effective clinical agent for liver cancer therapy.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most aggressive
malignancies and the leading cause of cancer-related death in the
world." Today, the main measures used to treat HCC include
surgery and intervention chemotherapy, which often cause a
variety of adverse events as these methods do not show selectiv-
ity between tumor and normal cells.> The HCC treatment is still
far from satisfactory today, partly due to a lack of effective
medicines. Treatments that inhibit growth and invasion in
early-stage HCC tumors are primordial. Identification of such
treatments could ultimately lead to the suppression of cancer
metastasis and increase the survival of patients with HCC.
Astragalus is a traditional Chinese medicine that has been
studied in depth and widely used in clinics for treatment of dis-
eases, such as hepatitis,3 diabetes, cancer,” and others.’ Astraga-
lus polysaccharides (APSs) are one of the most important natural
active materials extracted from astragalus and are remarkably
effective in traditional medicine due to their multitargeting bio-
logical activities, including antioxidant,® anti-inflammatory,’
anti-hepatitis B virus (HBV),? and immune regulation” effects.
Astragalus polysaccharides are remarkably effective in inhi-
biting tumor growth and metastasis in vitro and in vivo. How-
ever, the pharmacological effects of APS in the treatment of

cancer remain unknown. This study investigated the effect of
APS in the treatment of HCC and their implication as a promis-
ing candidate for future anticancer drug development.

Materials and Methods

Medicine

Astragalus polysaccharides were purchased from Shanxi Bio-
logical Technology Co, Ltd, Yuncheng, Shanxi (batch number:
HQO090312, purity: 98%). Before the preparation, APSs should
be dissolved with saline water.

' Bone Marrow Transplantation Center, The First Affiliated Hospital, Zhejiang
Chinese Medical University, Hangzhou, People’s Republic of China

2 College of Life Science, Zhejiang Chinese Medical University, Hangzhou,
Zhejiang, People’s Republic of China

3 College of Basic Medical Sciences, Zhejiang Chinese Medical University,
Hangzhou, Zhejiang, People’s Republic of China

Corresponding Author:

Xinghong Ding, College of Basic Medical Sciences, Zhejiang Chinese Medical
University, No 548 Binwen Road, Hangzhou, Zhejiang, People’s Republic of
China.

Email: zmkm1978@ 126.com

Creative Commons CC-BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 3.0 License
(http://www.creativecommons.org/licenses/by-nc/3.0/) which permits non-commercial use, reproduction and distribution of the work without further
BY _NC

permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


mailto:zmkm1978@126.com
https://doi.org/10.1177/1559325816685182
http://journals.sagepub.com/home/dos

Dose-Response: An International Journal

Mice

Kunming mice of mean weight 22 + 2 g were purchased from
the Animal Experiment Research Center of the Zhejiang
Chinese Medical University.

Cell Culture

The HCC H22 cell line was obtained from the College of Life
Science of Zhejiang Chinese Medical University and cultured
in Roswell Park Memorial Institute 1640 medium with 10%
fetal bovine serum. Cells were incubated at 37°C in 5% CO,
humidified air.

Experimental Models

Ten mice received an intraperitoneal injection of H22 cancer
cells (2 x 10° cells per mouse). Seven days after injection,
ascitic fluid was extracted and the cells were counted.

Sixty Kunming mice were randomly divided into 6
groups—healthy, vehicle, CTX, and 3 APS groups, 10 mice
in each group. Mice were then inoculated with ascitic fluid
cells (3 x 10° cells per mouse) subcutaneously in the left
armpit, except the healthy group. Animal husbandry was in
accordance with institutional guidelines. Mice were housed
in the SPF room at 20° 4+ 2°C.

Antitumor Assays

Treatments were initiated 24 hours after injecting the tumor
cells. Drugs were administrated once daily for 15 consecutive
days. The vehicle group and the healthy group consisted of
normal saline intake mice (20 mL-kg~'). The CTX group was
administered cyclophosphamide (CTX; Shanghai Crystal Pure
Biological Technology Co., Ltd, Aladdin, CTX purity over
98% by HPLC analysis) at 30 mg-kg™' body weight. Three
APS groups were administered APS (Tianjin Cinorch Pharma-
ceutical Co, Ltd. Tianjin, China over 98% by HPLC analysis) at
100, 200, and 400 mg-kg "' body weight, respectively, once per
day intragastrically.

All mice were killed and tumors were dissected and weighed
on the 16th day. Body weights and tumor weights were
recorded. The tumor inhibition rate was calculated as follows:

Inhibitory rate (%) = (mean tumor weight of control group
— mean tumor weight of treated group)

/mean tumor weight of control group
x 100%.

Organ Index Assays

The day after treatment administration, the mice were killed.
Thymuses and spleens were dissected and weighed to calculate
the thymus and spleen indexes. The thymus index was calcu-
lated as the thymus weight of each mouse divided by its body

weight. The spleen index was calculated as the spleen weight of
each mouse divided by its body weight.

Determination of Cytokines

Blood samples were acquired from the sinus by extracting the
eyes of the mice. Blood serum was separated by centrifugation
at 3000 rpm for 10 minutes. Cytokines including interleukin
(IL) 2, IL-6, tumor necrosis factor o (TNF-o) were measured
using the quantitative sandwich enzyme immunoassay tech-
nique (Hangzhou MultiSciences Biotech Co, Ltd, Hangzhou,
Zhejiang).

Bax and Bcl-2 Protein Expression

Bax and Bcl-2 protein expression was measured using the strepta-
vidin-biotin complex (SABC). Tumors were fixed in 10% forma-
lin and the paraffin sections were prepared with a thickness of
5 pm. The sections were high-pressure repaired in 0.01 mol/L
citrate buffer. Bax and Bcl-2 primary antibodies (NOVUS Biolo-
gicals) were added and the sections were incubated overnight at
4°C. Subsequently, they were washed in phosphate-buffered sal-
ine (PBS) and secondary antibodies were added and incubated at
37°C for 20 minutes. The sections were then washed in PBS. The
SABC reagent was added and the sections were incubated at 37°C
for 20 minutes. Phosphate-buffered saline was used to wash the
sections and DAB to stain them. They were then observed using
light microscopy.

Statistical Analysis

Bax and Bcl-2 protein expression was analyzed using the IPP
pathological image analysis system. The field of view from
each tissue section was selected randomly and collected at
400x to calculate its mean optical density (OD).

Data were analyzed using SPSS 19.0 and expressed as the
mean (SD). Statistical significance of the values was evaluated
by analysis of variance. A P value <.05 was considered as
significantly different.

Results

Histopathological Observation

Histopathological observation of tumor tissues of the H22-
bearing mice vehicle group showed that tumor cells were den-
sely arranged with different sizes and diffuse distribution; some
of them showed invasive growth. Conversely, tumor cells of
the CTX group were restrained and showed obvious necrosis.
In the APS groups, tumor cells were arranged loosely and
showed swelling and degeneration (Figure 1).

Astragalus Polysaccharides Inhibit the Growth of H22
Cells

Different doses of APS were administrated orally to mice to
determine the suppression of the H22 tumor. Body weight was
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Figure |. Histopathological observation of tumor tissues from H22-bearing mice (hematoxylin eosin [HE] staining, x400). A, Vehicle group. B,
CTX group. C, APS 100 mg kg~' group. D, APS 200 mg kg~' group. E, APS 400 mg kg~ group. APS indicates astragalus polysaccharide.

not significantly different between the groups, except in the
CTX group where it decreased significantly. Compared to the
vehicle group, the tumor weight of the APS 400 mg-kg ™' and
APS 200 mg-kg ' groups and the CTX group was significantly
lighter (P < .05). The tumor weight of the APS 400 mg-kg ™'
group was similar to the CTX group (P > .05), while the APS
100 mgkg™' and APS 200 mgkg ' groups were signifi-
cantly different from it (P < .05). Tumor inhibition rates
of each group were as follows—CTX group, 80.74%; APS
100 mg-kg™' group, 29.19%; APS 200 mg-kg ' group,
35.71%; and APS 400 mg-kg~' group, 59.01%. These inves-
tigations indicated that APS had an inhibitory effect on H22
tumor in mice (Table 1).

Effect of APS on Organ Indexes

In addition to tumor death, the CTX group caused immunosup-
pression compared to vehicle group, and the thymus and spleen
index values decreased significantly (P < .05), indicating sig-
nificant side effects. Astragalus polysaccharides groups had an
effect on the thymus and spleen indexes, although not signifi-
cantly, compared to the vehicle group (P <.05), indicating APS
with low toxicity (Table 2).

Effect of APS on Cytokines

The effect of APS on IL-2, IL-6, and TNF-a cytokines is shown
in Table 3. All three cytokines decreased in the vehicle group

Table I. Inhibitory Effect of APSs on the Growth of H22 Cells.?

Body Tumor Tumor-Inhibition

Group Weight, g Weight, g Rate
Healthy group 3896 + 2.09 - -
Vehicle group 41.28 + 3.88 322 + 1.09 -

CTX group 34.269 + 2.75 0.62 + 0.08° 80.74%
APS 100 mg-kg™" 3893 + 3.43 228 + 0.75° 29.19%
APS 200 mg-kg™'  39.42 + 535 2.07 + 0.53°¢ 35.71%
APS 400 mg-kg™'  40.58 + 3.47 132 + 0.51° 59.01%

Abbreviations: APSs, astragalus polysaccharides; SD, standard deviation.
?Values are expressed as mean (SD) (n = 10).

®P < .05 compared to the vehicle group.

P < .05 compared to the CTX group.

Table 2. Effect of APSs on the Thymus and Spleen Indexes.?

Group Thymus Index, mg/g Spleen Index, mg/g
Healthy group 3.01 + 051 0.87 + 0.20
Vehicle group 725 + 1.21° 1.95 + 0.48°
CTX group 329 + 0.64° 0.72 + 0.25¢
APS 100 mg-kg™"' 6.96 + 138 1.76 + 0.31°¢
APS 200 mg-kg ™" 7.35 + 0.93°¢ 1.87 + 0.32°¢
APS 400 mg-kg ™" 7.96 + 1.30°¢ 2.25 + 0.38°¢

Abbreviations: APSs, astragalus polysaccharides; SD, standard deviation.
*Values are expressed as mean (SD) (n = 10).

®P < .05 compared to the healthy group.

P < .05 compared to the vehicle group.

9P < .05 compared to the CTX group.
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Table 3. Effect of APSs on Cytokines.?

Group IL-6, pg/mL IL-2, pg/mL  TNF-o, pg/mL
Healthy group 74.53 + 6.65 10.24 + 0.75 40.11 + 3.54

Vehicle group  51.45 + 2.73° 674 + 0.48° 23.25 + 4.36°
CTX group 65.56 + 4.13>¢ 778 + 1.31° 36.56 + 4.75°

8.14 + 0.59"<¢ 28.64 + 5.57°
9.23 + 0.60°¢ 34.75 4+ 5.75°
9.58 + 0.53%¢ 43.16 + 6.53°¢

APS 100 mg-kg™" 70.71 + 3.54°¢
APS 200 mg-kg ' 76.54 + 5.74°¢
APS 400 mg-kg~' 85.21 + 10.46><¢

Abbreviations: APSs, astragalus polysaccharides; IL, interleukin; SD, standard
deviation; TNF, tumor necrosis factor.

*Values are expressed as mean (SD) (n = 10).

P < .05 compared to the healthy group.

P < .05 compared to the vehicle group.

4P < .05 compared to the CTX group.

compared to the healthy group (P < .05). Interleukin 2 in each
APS treatment group and IL-6 and TNF-a in the CTX group,
APS 100 mg-kg™" and 200 mg-kg™"' groups decreased com-
pared to the healthy group; IL-2 and IL-6 in the CTX group and
IL-2 and TNF-o in the APS 100 mg kg™ ' group decreased
significantly (P < .05). Compared to the vehicle group, IL-2,
IL-6, and TNF-a increased in the CTX group and all APS
groups (P < .05), though TNF-a did not increase significantly
in the APS 100 mg kg~ ' group (P >.05). Interleukin 2 and IL-6
in all APS groups and TNF-« in the APS 400 mg kgf1 group
increased significantly compared to the CTX group (P < .05).
These results indicated that APS promotes the expression of
IL-2, IL-6, and TNF-o as an H22 tumor treatment mechanism
(Table 3).

Figure 2. Effect of APSs on Bax and Bcl-2 protein expression (x400). A-E, Effect of APS on Bax protein expression. F-, Effect of APS on Bcl-2
protein expression. Vehicle group (A and F); CTX group (B and G); APS 100 mg kg~' group (C and H); APS 200 mg kg~' group (D and I);
APS 400 mg kg~ group (E and J). APSs indicate astragalus polysaccharides
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Table 4. Mean OD Values of Bax and Bcl-2 Protein Expression.”

Group Bax Bcl-2

Healthy group - - -
Vehicle group 0.31 + 0.04 0.57 + 0.05 0.54 + 0.05
CTX group 042 + 0.06° 040 + 0.08° 1.05 + 0.08°
APS 100 mg-kg™" 041 + 005> 050 + 0.05° 0.82 + 0.05°
APS 200 mg-kg~'  0.44 + 0.05° 042 + 007° 1.04 + 0.07°
APS 400 mg-kg™'  0.47 + 0.06° 038 + 0.04° 123 + 0.06°

Abbreviations: APS, astragalus polysaccharide; OD, optical density; SD,
standard deviation.

*Values are expressed as mean (SD) (n = 10).

PP < .05 compared to the vehicle group.

P < .05 compared to the CTX group.

Effect of APS on Bax and Bcl-2 Protein Expression

Immunohistochemical detection revealed the diffuse distribu-
tion of Bax- and Bcl-2-positive cells (Figure 2). Combined with
the OD values of Bax and Bcl-2 protein expression in Table 4,
Bax protein expression in the vehicle group was weakly posi-
tive while Bcl-2 protein expression was strongly positive. Con-
versely, in the CTX group and APS groups, Bax protein
expression was strongly positive and Bcl-2 was weakly positive
(Table 4).

Discussion

This study demonstrated that APS exerts anticancer activities
on H22 cells by inhibiting cell growth and increasing the
spleen and thymus indexes. In the CTX group, spleen and
thymus weights decreased significantly despite having the
highest inhibitory rate of 80.74% than all groups. As sug-
gested by Zhao,® spleen and thymus indexes reflect the
immune function of the organism. In our study, APS groups
had not decreased the thymus and spleen indexes significantly
compared to the vehicle group; therefore, APS could inhibit
H22 tumor with low toxicity.

Cytokines are essential immune response components and
play a pivotal antitumor role.*® In this study, IL-2, IL-6, TNF-a,
cytokines in the APS groups increased significantly compared
to the vehicle group, indicating APS influenced immune-
regulating properties involved in antitumor activity. Interleukin
2 is one of the important cytokines of immune response regu-
lation involved in cell that reflect the cellular immune ability to
some extent; therefore, decreased IL-2 levels indicate impaired
cellular immunity in patients with cancer.*'° Interleukin 6 is
one of the important members of interleukins family involved
in tumor-infiltrating lymphocyte immunosuppression. Interleu-
kin 6 promotes T-cell proliferation, helper T-cell differentia-
tion, and development of T-cell-mediated cytotoxicity.'''?
Astragalus polysaccharides can strengthen the body’s immune
response by promoting the production of IL-6 and play a reg-
ulatory role in the tumor inhibition. Tumor necrosis factor «,
mainly produced by mononuclear cells and macrophages, is
able to cause tumor cell apoptosis and plays an important role
in immunoregulatory and inflammatory mediators.®'* In this

study, the serum cytokines—IL-2 of APS in the treatment
group, IL-6, and TNF-o—were significantly higher in the vehi-
cle group, indicating the APS can promote the production of
IL-2, IL-6, TNF-o in H22 tumor burdened mice and enhancing
the body’s immune response, which play an important role in
the inhibition of tumor.

Tumor tissue sections (HE staining) showed Bcl-2 protein
expression in the inner mitochondrial membrane, which plays a
key role in apoptosis. Bax protein expression in the APS groups
increased, while Bcl-2 protein expression decreased with the
dose administered. The Bcl-2 protein family includes proapop-
tosis proteins such as Bax, Bad, Bak, Bid, and apoptosis protein
inhibitors, such as Bcl-2 and Bcl-x1. Members of the Bcl-2
protein family regulate the release of apoptosis-activating fac-
tors that determine cell survival or death'*'> and therefore have
important antitumor activity.

In conclusion, APS influenced immune-regulating proper-
ties involved in antitumor activity. Astragalus polysaccharides
inhibited the growth of H22 cells and significantly increased
the spleen and thymus indexes and the IL-2, IL-6, and TNF-o
concentrations in serum. In addition, APS increased Bax pro-
tein expression and decreased Bc1-2 protein expression, which
are active components in determining cell death and survival.
Further development and exploration of APS may enable it to
become an effective clinical agent for liver cancer therapy.
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