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Abstract

AIM: To investigate the adjunct anticancer effect of As-
tragalus polysaccharides in H22 tumor-bearing mice.

METHODS: To establish a solid tumor model, 5.0 x
10°/mL H22 hepatoma cells were inoculated subcutane-
ously into the right armpit region of Kunming mice (6-12
wk old, 18-22 g). When the tumors reached a size of
100 mm’, the animals were treated as indicated, and
the mice were randomly assigned to seven groups (n
= 10 each). After ten days of treatment, blood samples
were collected from mouse eyes, and serum was har-
vested by centrifugation. Mice were sacrificed, and the
whole body, tumor, spleen and thymus were weighed
immediately. The rate of tumor inhibition and organ in-
dexes were calculated. The expression levels of serum
cytokines, P-glycoprotein (P-GP) and multidrug resis-
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tance (MDR) 1 mRNA in tumor tissues were detected
using enzyme-linked immunosorbent assay, Western
blotting, and quantitative myeloid-derived suppressor
cells reverse transcription-polymerase chain reaction,
respectively.

RESULTS: The tumor inhibition rates in the treatment
groups of Adriamycin (ADM) + Astragalus polysac-
charides (APS) (50 mg/kg), ADM + APS (100 mg/kg),
and ADM + APS (200 mg/kg) were significantly higher
than in the ADM group (72.88% vs 60.36%, P = 0.013;
73.40% vs 60.36%, P = 0.010; 77.57% vs 60.36%,
P = 0.001). The spleen indexes of the above groups
were also significantly higher than in the ADM group
(0.65 + 0.22 v5 0.39 £ 0.17, P = 0.023; 0.62 + 0.34 vs
0.39 + 0.17, P = 0.022; 0.67 + 0.20 vs 0.39 + 0.17, P
= 0.012), and the thymus indexes of the ADM + APS
(100 mg/kg) and ADM + APS (200 mg/kg) groups were
significantly higher than in the ADM group (0.20 + 0.06
vs 0.13 £ 0.04, P = 0.029; 0.47 = 0.12 vs 0.13 £+ 0.04,
P = 0.000). APS was found to exert a synergistic anti-
tumor effect with ADM and to alleviate the decrease in
the sizes of the spleen and thymus induced by AMD.
The expression of interleukin-1a (IL-1a), IL-2, IL-6,
and tumor necrosis factor-a (TNF-a) was significantly
higher in the ADM + APS (50 mg/kg), ADM + APS (100
mg/kg) and ADM + APS (200 mg/kg) groups than in
the ADM group; and IL-10 was significantly lower in
the above groups than in the ADM group. APS could
increase IL-1a, IL-2, IL-6, and TNF-o. expression and
decrease IL-10 levels. Compared with the ADM group,
APS treatment at a dose of 50-200 mg/kg could down-
regulate MDRZ mRNA expression in a dose-dependent
manner (0.48 £+ 0.13 vs 4.26 = 1.51, P = 0.000; 0.36
+ 0.03 vs 4.26 = 1.51, P = 0.000; 0.21 £+ 0.04 vs
4.26 + 1.51, P = 0.000). The expression level of P-GP
was significantly lower in the ADM + APS (200 mg/kg)
group than in the ADM group (137.35 £ 9.20 mg/kg vs
282.19 + 20.54 mg/kg, P = 0.023).

CONCLUSION: APS exerts a synergistic anti-tumor
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effect with ADM in H22 tumor-bearing mice. This may
be related to its ability to enhance the expression of IL-
la, IL-2, IL-6, and TNF-a, decrease IL-10, and down-
regulate MDR1 mRNA and P-GP expression levels.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Cancer has become a major public health problem glob-
allym. The World Health Organization predicts that by
2030 an estimated number of 21.4 million new cases of

cancer and 13.2 million cancer deaths will occur annually
around the world”. Surgery, radiotherapy, chemotherapy
and endocrine therapy remains the classic cancer thera-
piesm. For advanced tumors, chemotherapy is still the
treatment of choice, and although these drugs are effec-
tive, they are associated with severe adverse events and
drug resistance, especially multidrug resistance (MDR)',
Severe adverse events affect patients’ compliance.
Drug resistance, especially MDR, is the leading cause of
treatment failure in cancer therapy. Once the MDR oc-
curs, chemotherapy is no longer effective even with doses
of drugs high enough to overcome the resistance; toxic
effects are observed and resistance mechanisms can be
further stimulated”. One of the underlying mechanisms
of MDR is cellular overproduction of P-glycoprotein
(P-GP) which acts as an efflux pump for various antican-
cer drugs. P-GP is encoded by the MDRT7 gene and its
over-expression in cancer cells has become a therapeutic
target for circumventing MDR. A potential therapeutic
strategy is to co-administer efflux pump inhibitors, al-
though such reversal agents might actually increase the
side effects of chemotherapy by blocking physiological
anticancer drug efflux from normal cells. Although great
efforts have been made to overcome MDR with the first-
and second-generation reversal agents available in current
clinical use for other indications (e.g., verapamil, cyclo-
sporine A and quinidine) or analogues of the first-genera-
tion drugs (e.g., dexverapamil, valspodar and cinchonine),
few significant advances have been achieved. Clinical tri-
als with the third-generation modulators (e.g., biricodar,
zosuquidar and laniquidat) specifically for MDR reversal
are being developed. The results however are not encout-
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aging possibly because that the perfect reverser does not
exist .

Traditional Chinese medicine (TCM) and herbal
medicines in particular have been used in the treatment
of cancer for thousands of years in China, Japan, South
Korea and other Asian countries. These medicines are
widely accepted as current forms of adjuvant therapy
in cancer treatment in the United States and Europe™.
TCM has been shown to play an adjunct anticancer role
by inducing apoptosis and differentiation, enhancing the
immune system, inhibiting angiogenesis and reversing
MDR". As adjunct anticancer agents, TCM has great ad-
vantages in terms of increasing the sensitivity of chemo-
therapeutics, reducing the side effects and complications
associated with chemotherapy, and improving patient
quality of life and survival time'"”. In the search for new
cancer therapeutics with lower toxicity and fewer side ef-
fects, TCM has shown promisem.

The dried root of Astragalus membranaceus has a
long history of medicinal use in TCM. Astragalus has
demonstrated a wide range of potential therapeutic ap-
plications in immunodeficiency syndromes, as an adjunct
cancer therapy, and for its adaptogenic effect on the
heart and kidneys“zj. Astragalus extract inhibits destruc-
tion of gastric cancer cells by mesothelial cells through
its anti-apoptosis effects”. The active pharmacological
constituents of Astragalus membranaceus include vari-
ous polysaccharides, saponins and flavonoids as well as
L-arginine or L-canavanine' ™", Among these, Astragalus
polysaccharides (APS) have been most widely studied.
APS plays its adjunct anticancer role by improving im-

. 16-19
mune function*"”

, counteracting the side effects of che-
motherapeutic drugs[lz’ls‘zo’mand increasing the sensitivity
of chemo—therapeuticsU}’”’lS’ZZ’ZSJ. However, the mecha-
nism underlying the adjunct anticancer property of APS,
especially whether or not it involves the regulation of
cytokines and reversal of MDR, is not completely clear.
Thus, the present study focuses on investigating the
effect of APS on the expression of cytokines and P-GP

in H22 tumor-bearing mice.

MATERIALS AND METHODS

Main reagents

APS (20 000-60 000 mol/L) was putrchased from Shanxi
Undersun Biomedtech Co. Ltd., China). Adriamycin
(ADM), verapamil, and rifampicin (RFP) were purchased
from the National Institutes for Food and Drug Control.
Mouse interleukin-1or (IL-1at) enzyme-linked immuno-
sorbent assay (ELISA) kit, mouse IL-2 ELISA kit, mouse
IL-6 ELISA kit, mouse IL-10 ELISA kit and mouse
tumor necrosis factor-o. (TNF-o) ELISA kit, TaKaRa-
RNA PCRI Kit (AMV) Ver3.0, and TRIZOL reagent
were purchased from Sigma Corporation, MO, United
States. Goat anti-mouse IgG and fluorescein-affinity

pure goat anti-rabbit IgG were purchased from Jackson
ImmunoResearch Laboratories. Oligonucleotides and
reagents for polymerase chain reaction (PCR) assay were
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purchased from Sigma Corporation.

Cell lines and culture

H22 hepatoma cells lines (purchased from Beijing Cowin
Biotech Co. Ltd., Beijing, China) were cultured in cell
culture vessels 7z vitro. The H22 cells were harvested and
inoculated intraperitoneally for 9 d to the eight Kunming
mice (KM). To establish the tumor-bearing mouse model,
cells with ascites were harvested and inoculated subcuta-
neously into the right armpit region of of the mice.

Animals and trial groups

Male KM (age, 6-12 wk; weight, 18-22 g) were purchased
from the Animal Center of the Third Xiangya Hospital.
These animals were maintained at 25 = 1 C and 60% *+
5% humidity under a 12 h light-dark cycle. All experi-
mental animals were housed under specific-pathogen-
free conditions for 1 wk to get accustomed to the sur-
roundings before initiation of the experiment. They were
allowed free access to food and water throughout the
study. All experimental protocols described in this study
were approved by the Ethics Review Committee for Ani-
mal Experimentation of Central South University.

Mice were randomly assigned to one of the seven
groups (7 = 10 each): ADM group, ADM + RFP group,
normal saline (NS) group, ADM + APS (50 mg/kg)
group, ADM + APS (100 mg/kg) group, ADM + APS
(200 mg/kg) group, ADM + VER group. All the agents
were administered by intraperitoneal injection (ip): ADM
1.25 mg/kg, 0.2 ml,, god X 5 d; RFP 40 mg/kg, 0.2 mlL,
gd X 10 d; NS 0.4 mL, ¢4 X 10 d; APS 50 mg/kg, 100
mg/kg, 200 mg/ke 0.2 mL, g4 X 10 d; and VER 1 mg/kg,
0.2 mL, gd X 10 d. After ten days of treatment, the organ
indexes and tumor inhibition rate were calculated, and
compared with those of control group.

Modeling of the tumor-bearing mice

This model was created by subcutaneous injection of
H22 cells as previously described™*. Briefly, the H22
cells with ascites were harvested, diluted to a concentra-
tion of 5.0 X 10°/mL with sterilized NS, and inoculated
subcutaneously into the right armpit region of the mice.
Each mouse was weighed immediately after inoculation.
During this period, growth rate and tumor size were
measured every two days by determining two perpen-
dicular dimensions. Then the volume of each tumor was
calculated using the following formula: volume = 1/2
X length X width™*. When the tumors reached a size
of 100 mm” (excluding maximum and minimum values)
the animals were treated as indicated, and were randomly
assigned to one of the groups mentioned above. Forty-
eight hours after the final administration of tested drug
on the 10th day of the experiment, blood samples were
collected from the mice’s eyes and serum was harvested
by centrifugation. Mice were killed by pulling and break-
ing of the cervical vertebra, and the whole body, tumor,
spleen, and thymus were weighed immediately. Sera were
stored at -70 ‘C and other specimens were stored in lig-
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uid nitrogen for further analysis”**”.

Tumor inhibition rate and immune organ index

The inhibitory effect of experimental treatment on tu-
mor growth was evaluated by tumor inhibition rate, and
the influence of different drugs on the immune organs
was evaluated by the immune organ index. The inhibi-
tory rates of tumor growth were calculated as follows:
inhibitory rate = (l-average tumor weight in the experi-
mental group/average tumor weight of control group) X
100%**, The organ indexes of spleen and thymus were
calculated as follows: organ index (%) = average weight
of organ/(average body weight) X 100%.

Measurement of cytokines

The serum levels of cytokines were determined by ELI-
SA according to the manufacturer’s instructions (eBiosci-
ence, United States). ELISA kits were employed for the
measurement of the levels of 1L-1q, IL-2, 11.-6, 11.-10,
and TNF-q..

Western blotting analysis

RFP (P-GP inducer) and VER (P-GP antagonist) were
used as positive controls. Western blotting analysis was
performed as previously described”’ . Briefly, 200
mg of each tumor was frozen with liquid nitrogen and
crushed in a mortar. The tumor samples were homog-
enized in a lysis buffer. Cells were washed twice with ice-
cold PBS and total cell lysates were collected in sodium
dodecyl sulfate (SDS) sample buffer (50 mmol Tris-HCI,
pH 6.8, 100 mmol dithiothreitol (DTT), 2% SDS, 0.1%
bromophenol blue, 10% glycerol). Cell lysates contain-
ing equal amounts of protein were separated by SDS-
polyacrylamide gel electrophoresis and transferred to
polyvinylidine difluoride membranes. After blocking in
5% non-fat milk in Tris-buffered saline with 0.1% Tween
20 (pH 7.6), membranes were incubated with the appro-
priate primary antibodies (goat anti-mouse IgG) at 4 C,
overnight, and exposed to the appropriate secondary
antibody (goat anti-rabbit IgG) for 3 h at 37 C. Immu-
noreactive proteins were visualized using the enhanced
chemiluminescence system from Pierce (Rockford, IL,
United States).

Quantitative real time reverse transcription-PCR

The MDR7 mRNA expression level in the H22 tumor-
bearing mice was measured using quantitative reverse
transcription (QRT)-PCR. Briefly, total RNA was extract-
ed using the TRIzol reagent following the manufacturer’
s instructions and reverse transcribed to cDNA using the
Gene Amp RNA PCR kit in a DNA thermal cycler (Bio-
Rad). QRT-PCR was performed with SYBR green PCR
master mix in an ABI Prism 7700 real time PCR machine
(Applied Biosystems, Foster City, CA, United States).
The synthesized cDNA served as a template in a 25 pL
reaction. A non-template control was included in all ex-
periments. Primer sequences were as follows: P-GP Gen-

Bank, sense: 5-TAATGCGACAGG AGATAGGCT-3,
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ADM + RFP
ADM

NS

ADM + APS (50 mg/kg)
ADM + APS (100 mg/kg)
ADM + APS (200 mg/kg)

ADM + VER

Figure 1 Solid tumors from tumor-bearing mice. ADM: Adriamycin; RFP: Rifampicin; NS: Normal saline; APS: Astragalus polysaccharides; VER: Verapamil.

Table 1 Tumor inhibition rate and immune organ index (7 = 10)

Group Tumor weight (g) Inhibition rate (%) Spleen index Thymus index
ADM + RFP 537+ 1.31° 60.00 0.51+0.28" 0.15 £ 0.04
ADM 5.32+£2.03" 60.36 0.39+0.17° 0.13 £ 0.04
NS 13.42 £1.03 - 0.74 £0.21 0.15 £ 0.09
ADM + APS (50 mg/kg) 3.64 +1.54™ 72.88° 0.65 + 0.22° 0.15 £ 0.05
ADM + APS (100 mg/kg) 3.57 +£1.66™ 73.40° 0.62 +0.34° 0.20 + 0.06°
ADM + APS (200 mg/kg) 3.01 £1.95* 77.57° 0.67 £ 0.20° 0.47 £0.12*
ADM + VER 4.75 +1.86" 69.45 0.50 +0.17° 0.13 £0.03

*P < 0.05 vs normal saline (NS) group; °P < 0.05 vs adriamycin (ADM) group. RFP: Rifampicin; APS: Astragalus

polysaccharides; VER: Verapamil.

and antisense: 5-CCGCCATTGA CTGAAAGAA-
CAT-3’; GAPDH GenBank: sense: 5-GAGTCAACGGA
TTTGGTCG-3’, and antisense: 5-CGGAAGATG-
GTGATGGGATT-3". QRT-PCR was performed at
94 °C for 4 min, followed by 40 cycles at 94 C for 15 s,
at 60 ‘C for 25 s, and at 72 C for 25 s. Data were ana-
lyzed with Sequence Detector software (v1.9, Applied
Biosystems, Foster City, CA, United States). The mean Ct
value for duplicate measurements was used to detect the
expression of target genes, which were normalized to a
housekeeping gene, which was used as an internal control
[glyceraldehyde-3-phosphate dehydrogenase (GAPDH)]
according to the 2 formula.

Statistical analysis

For statistical analysis of cytotoxicity, results from P-GP
and MDR7 mRNA expression assays were analyzed using
SPSS 14.0 software (v14, SPSS Inc. Chicago, 1L, United
States). Differences among the experimental groups
were analyzed by one-way analysis of variance. The real-
time PCR data were analyzed using the SDS software on
the ABI PRISM"®7700 sequence detection system at a
confidence limit of 95%. A P < 0.05 was considered sta-
tistically significant.

RESULTS

General health status of mice
There was no abnormality detected in the daily behavior,
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autonomic activities, ingestion, hydroposia, pelage, feces,
or urine of any of the mice in each experimental group
after drug administration. In addition, there was no ab-
normal secretion from the eyes, ears, noses, or mouths of
the mice.

Tumor inhibition rates and the imnmune organ index

After mice were killed, the solid tumors were removed
from tumor-bearing mice and are shown in Figure 1. The
tumor inhibition rate and immune organ index are shown
in Table 1. The mean weight of tumors in the treatment
groups was significantly lower than in the NS group (P <
0.05). The mean weight of tumors in ADM + APS (50
mg/kg), ADM + APS (100 mg/kg), and ADM + APS
(200 mg/kg) groups were significantly lower than in the
ADM group (P < 0.05). The tumor inhibition rates in
these groups were significantly higher than in the ADM
group (P < 0.05). The spleen indexes in the ADM +
RFP, ADM, and ADM + VER groups were significantly
lower than that of the NS group (P < 0.05) and the thy-
mus index of the ADM + APS (200 mg/kg) group was
significantly higher than that of the NS group (P < 0.05).
The spleen indexes of the ADM + APS (50 mg/kg),
ADM + APS (100mg/kg), and ADM + APS (200mg/kg)
groups were significantly higher than that of the ADM
group (P < 0.05), and the thymus indexes of the ADM
+ APS (100 mg/kg), ADM + APS (200 mg/kg) group
were significantly higher than the ADM group (P < 0.05).
Collectively, these results showed that APS can act syner-
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Group mean + SD (pg/mL)
IL-1a IL-2 IL-6 TNF-a IL-10

ADM + RFP 5.89+212 6.11+£29" 10.99 +2.09* 9.00£1.21 55.98 +2.43
ADM 4.63+3.2 523 +212° 10.78 +£3.13* 8.01+1.22 54.01 +2.33
NS 13.21 £2.01° 11.35 +2.09° 29.55 + 8.97° 23.1+1.83° 56.67 +4.32
ADM + APS (50 mg/kg) 14.34 +1.78° 12.11 £ 3.08° 41.57 + 6.42*° 29.97 +4.09° 41.23 £3.12*°
ADM + APS (100 mg/kg) 25.31 +2.98™ 19.98 +3.21* 38.82 +5.88™° 33.23 +3.99™ 27.23 +7.68™°
ADM + APS (200 mg/kg) 22.45 +4.01* 26.67 +7.21* 40.99 + 5.54™° 44.78 +3.98"° 24.87 +5.78"°
ADM + VER 734 +£211 5.77 £2.11 9.34 +1.75" 9.11+£2.01 50.66 +1.12

‘P < 0.05 vs normal saline (NS) group; ‘P < 0.05 vs adriamycin (ADM) group. IL: Interleukin; TNF-o:: Tumor necrosis

factor-o; RFP: Rifampicin; APS: Astragalus polysaccharides; VER: Verapamil.
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Figure 2 P-glycoprotein expression in tumor tissues after different che-
motherapeutic treatment. A: Normal saline group (No.1-5); B: Adriamycin
(ADM) group (No.1-5); C: ADM + rifampicin (RFP) group (No.1-5); D: ADM +
astragalus polysaccharides (APS) (50 mg/kg) group (No.1-5); E: ADM + APS
(100 mg/kg) group (No.1-5); F: ADM + APS (200 mg/kg) group (No.1-5); G:
ADM + verapamil (VER) group (No.1-5); H: NS group (No. 6-10); I: ADM group
(No. 6-10); J: ADM + RFP group (No. 6-10); K: ADM + APS (50 mg/kg) group
(No. 6-10); L: ADM + APS (100 mg/kg) group (No. 6-10); M: ADM + APS (200
mg/kg) group (No. 6-10); N: ADM + VER group (No. 6-10). P-GP: P-glycoprotein.

gistically with AMD on tumor inhibition and can alleviate
the decreased size of the spleen and thymus induced by
AM

O
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Expression levels of IL-o., IL-2, IL-6, TNF-c. and IL-10
The expression levels of serum cytokines are shown in
Table 2. The expression levels of IL-1q, IL-2, IL-6, and
TNF-q, were significantly higher in the ADM + APS (50
mg/kg), ADM + APS (100 mg/kg), and ADM + APS
(200 mg/kg) groups than in the NS group (P < 0.05),
particularly in the medium- and high-dose groups. Cy-
tokine levels were lower in the ADM group than in the
NS group. The expression levels of IL-1q, 1L-2, 11.-6,
and TNF-q, were also significantly higher (P < 0.05) in
the ADM + APS (50 mg/kg), ADM + APS (100 mg/kg)
and ADM + APS (200 mg/kg) groups than in the ADM
group. The expression level of 1L-10 was significantly
lower (P < 0.05) in the ADM + APS (50 mg/kg), ADM
+ APS (100 mg/kg), and ADM + APS (200 mg/kg)
groups than in either the NS or ADM groups. In sum-
mary, APS increased expression levels of IL-1q, IL-2,
11-6, and TNF-q and decreased 11.-10 levels.

Expression of P-GP in tumor tissue

The expression of P-GP in tumor tissue is shown in
Figure 2. As assessed by computer-assisted gel analysis
(Figure 3A), the ADM + REP group exhibited a signifi-
cantly higher P-GP expression than other groups. Differ-
ent concentrations of APS and verapamil were found to
down-regulate P-GP expression. APS down-regulated less
P-GP expression than verapamil did. Also, APS (50-200
mg/kg) was found to down-regulate P-GP expression in
a dose-dependent manner. The expression level of P-GP
was significantly lower (P < 0.05) in the ADM + APS (200
mg/kg) and verapamil groups than in the ADM or ADM
+ RFP groups.

QRT-PCR detection of multidrug resistance 1 mRNA in
tumor tissue

The expression of MDR7 mRNA in tumor tissue is
shown in Table 3 and Figure 3B. The ADM and ADM
+ RFP group showed significantly higher MDR7 mRNA
expression than the other groups (P < 0.05). Compared
to the ADM group, the RFP group showed increased
MDRT mRNA expression, and the VER group and APS
groups showed decreased MDR7 mRNA expression (P
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Figure 3 P-glycoprotein optical density values and MDRT mRNA expres-
sion in tumor tissues after different chemotherapeutic treatment. A:
P-glycoprotein (P-GP) optical density values; B: MDR1 mRNA expression. °P <
0.05 vs adriamycin (ADM) group; °P < 0.05 vs ADM + rifampicin (RFP) group.
NS: Normal saline; APS: Astragalus polysaccharides; VER: Verapamil.

< 0.05). MDR7 mRNA expression decreased with in-
creasing concentrations of APS (50-200 mg/kg). MDR1
mRNA expression was reduced in a dose-dependent
mannet.

DISCUSSION

Guo et al™? reported that treatment with APS along with
vinorelbine and cisplatin significantly improves qual-
ity of life in patients with advanced non-small-cell lung
cancer over vinorelbine and cisplatin alone. Cui ez al™
reported that hepatocarcinogenesis could be prevented
in rats fed with the aqueous extract of Astragalus, which
is mainly composed of Astragalus polysaccharides. There
are also reports that APS act as an adjunct anticancer
agent“ 3,18,23,25] i

These results led the researchers to speculate that

(4 9

TR
JBaishideng®

WJG | www.wjgnet.com

Group 24 (mean + SD)
ADM + RFP 5.02+1.82
ADM 4.26 +1.51

NS 1.02 +0.05™
ADM + APS (50 mg/kg) 0.48 £0.13*
ADM + APS (100 mg/kg) 0.36 +0.03*
ADM + APS (200 mg/kg) 0.21 +0.04*
ADM + VER 0.28 +0.09*¢

P < 0.05 vs adriamycin (ADM) group; ‘P < 0.05 vs ADM + rifampicin
(RFP) group. NS: Normal saline; APS: Astragalus polysaccharides; VER:
Verapamil.

the adjunct anticancer role of APS might be related to
immune function enhancement. However, the mecha-
nism undetlying these effects remains to be determined.
In particular, it is not completely clear whether APS is
involved in the regulation of cytokines and reversal of
MDR.

Our conclusions regarding the sensitivity to chemo-
therapy drugs were partially supported by the results of
these studies. Compared with the ADM group, the mean
weight of tumors was significantly decreased (P < 0.05)
and the inhibition rates of tumors were significantly in-
creased (P < 0.05) within the APS treatment range of 50
to 200 mg/kg. The spleen and thymus index were also
significantly increased. Collectively, these results show
that APS exerts a synergistic anti-tumor effect with AMD,
and alleviates the decreased sizes of the spleen and thy-
mus induced by AMD (Table 1). The cytokines 1L-1a,
IL-2 and IL-6 are capable of inducing the proliferation
of responsive T-cells. TNF-q, has been proven to be an
effective anticancer agent in iz vitro and in vivo preclini-
cal studies, by inducing apoptotic cell death and tumor
necrosis. IL-10 inhibits the synthesis of 1L-2 and TNF-q,
produced by activated macrophages and by helper T
cells™. In the present study, APS was found to induce
increase in 1L-1q, IL-2, IL-6, and TNF-q expression and
decrease in IL-10 expression (Table 2). APS effect on cy-
tokine levels may be one of its adjunct anticancer mecha-
nisms.

However, tumor immunology is a complex biological
phenomenon, with the secretion, function and regulation
of cytokines occurring through multiple mechanisms,
and is mediated by a wide variety of cell populations.
How APS induces expression of these cytokines merits
further study.

It has been shown that drug resistance in tumor cells
are related to MDRT7 upregulation and P-GP over expres-
sion”*. As a P-GP substrate, ADM can induce P-GP
expression and consequently reduce its efficacy. In the
present study, APS was found to enhance the chemo-
sensitivity to ADM of H22 tumor-bearing mice. To
determine whether APS is involved in P-GP expression,
the P-GP inducer rifampin and P-GP inhibitor verapamil
were used as positive controls. Western blotting analy-
sis of P-GP expression and real-time PCR detection

December 21,2012 | Volume 18 | Issue 47 |



Tian QE et a/. Adjunct anticancer effect of Astragalus polysaccharides

of MDR7 mRNA expression in tumor tissue revealed
that APS (50 to 200 mg/kg) reduced P-GP protein and
MDR7 mRNA expression in a dose-dependent manner
(Figures 2, 3 and Table 3). The expression levels of P-GP
and MDRT were significantly decreased (P < 0.05) in
the ADM + APS (200 mg/kg) treatment compated with
the ADM or ADM + RFP treatment groups (P < 0.05).
In the present study, APS was found to down-regulate
MDR7 mRNA and P-GP expression levels, thereby in-
creasing the intracellular concentration of chemothera-
peutic drugs. This may be the mechanism behind its sec-
ondary anti-cancer effects.

It has been reported that APS exhibits several thera-
peutic advantages in terms of increasing sensitivity to
chemo-therapeutics, reducing the side effects and com-
plications associated with chemotherapy (2132021 - and
improving patient quality of life and survival tlrne[ 4 In
addition, our present study reveals that APS can regulate
cytokine and P-GP expression levels. Thus, APS is a
promising candidate for therapeutics that exhibit a low
toxicity and few side effects.

In summary, APS was found to exert a synergistic
anti-tumor effect with Adriamycin in H22 tumor-bearing
mice 7z vivo. This may be related to its ability to enhance
the expression of IL-1a, IL-2, IL-6, and TNF-q,, de-
crease 11.-10, and down-regulate MDR7 mRNA and P-GP
expression levels.

COMMENTS

Background

Cancer has been a major public health problem globally. Traditional Chinese
medicine has great advantages in terms of increasing sensitivity to chemo-
therapeutics, reducing side effects and complications associated with chemo-
therapy, and improving patient quality of life and survival. Astragalus membra-
naceus is widely accepted as a complementary and alternative medicine in
cancer treatment. Astragalus polysaccharides (APS) are active constituents of
Astragalus membranaceus.

Research frontiers

APS has been most widely studied mainly for its immunopotentiating properties,
ability to counteract the side effects of chemotherapeutic drugs, and adjunct
anticancer agent properties. However, the mechanism underlying the adjunct
anticancer property of APS, specifically whether or not it involves the regulation
of cytokines and reversal of multidrug resistance (MDR), is not completely clear.
The present study focused on investigating the effect of APS on the expression
of cytokines and P-glycoprotein (P-GP) in H22 tumor-bearing mice in vivo.
Innovations and breakthroughs

To date, there have been a limited number of studies regarding the adjunct an-
ticancer property of APS. In the present study, APS was found to exert a syner-
gistic anti-tumor effect with Adriamycin in H22 tumor-bearing mice. This may be
related to its ability to enhance the expression of interleukin-1 o (IL-1at), IL-2,
IL-6, and tumor necrosis factor-a., decrease IL-10, and down-regulate MDR1
mRNA and P-GP expression. This is the first study to report that the adjunct
anticancer property of APS is partly through regulation of cytokines and P-GP
expression in H22 tumor-bearing mice.

Applications

Traditional Chinese medicine has great advantages in terms of increasing
sensitivity to chemo-therapeutics, reducing side effects and complications as-
sociated with chemotherapy, and improving patient quality of life and survival.
APS could regulate cytokines and P-GP expression, and in the search for new
cancer therapeutics with a lower toxicity and few side effects, APS is a promis-
ing candidate.

(4 9
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Terminology

APS, extracted and purified from Chinese medicinal herb Astragalus membra-
naceus roots, consist of several classes of neutral and acidic polysaccharides
and glycoproteins. APS has also been observed to possess anti-tumor and anti-
virus activities. Cytokine is a small protein released by cells and can exert a
specific effect on the interactions between cells, on communications between
cells or on the behavior of cells. P-GP is a plasma membrane protein which
acts as a localized drug transport, actively exporting drugs out of the cell.
Adjunct anticancer agents are a variety of medications that complement the
chemotherapy regimen, help alleviate side effects of the treatment or symptoms
of the cancer, or help potentiate the effect and activity of chemotherapy drugs.

Peer review

The manuscript reports on a possible adjunct anticancer effect of APS in tumor-
bearing mice, using an in vivo animal model. Data on tumor inhibition were pro-
vided, and its possible effects on cytokines, MDR1 mRNA and P-GP expression
were elucidated. APS may be a promising candidate for cancer therapeutics
that exhibits a low toxicity and few side effects.
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