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Polysaccharide-induced apoptosis in H22 cells through G2/M arrest and BCL2/BAX 
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Abstract
The aim of the present work was to investigate the effect and the mechanism of growth inhibition on mouse H22 hepatocarcinoma cell of ascitic tumor induced by 
cartilage polysaccharides (PS). Our results showed that PS prolonged the survival time of the mice and increased the life span. In addition, PS induced the apoptosis 
of the H22 cells with the typical apoptotic morphological and biochemical changes confirmed by HE staining and TUNEL assay. The subsequent analysis of cell 
cycle distribution and relevant proteins revealed that decrease of cells in G0/G1phase and a G2/M arrest might due to the down-regulation of Cyclin D1 and AFP and 
up-regulation of P21 proteins. Moreover, BCL2/BAX caspase-activated Fas pathway was activated in PS-induced H22 apoptosis. 
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Introduction

Liver cancer is one of the most common malignant 
tumor in China with a high mortality ratio after gastric 
and esophageal carcinoma (1). Tumorigenesis and tu-
mor progression are associated not only with tumor cell 
proliferation, but also with cell apoptosis (2, 3). Recent-
ly, the induction of cell apoptosis is used as a target for 
the development of successful anti-carcinogens (4). The 
concept of apoptosis was introduced in 1972 by Kerr et 
al (5) and the typical apoptotic morphology was sub-
sequently described in more details by Wyllie et al in 
1980 (6). Apoptosis is a programmed cell death occur-
ring under certain physiological or pathological condi-
tions, which is necessary for the regulation of growth 
during development and to maintain an equilibrium in 
the physiological processes of multicellular organisms 
(7). As a programmed cell death, apoptosis undergo 
complicated and strictly regulated events associated 
with massive genes and proteins signaling pathway (8). 

Extracellular death signal can be transferred into the 
cell through death receptors that are represented by a 
set of transmembrane proteins belonging to the tumor 
necrosis factor receptors (TNFR) gene superfamily (9). 
Death receptors bind with their corresponding ligands 
to transduce the apoptotic signals and induce the activa-
tion of caspases which exist as inactive proenzymes that 
undergo proteolytic processing at conserved aspartic 
residues to produce two subunits, large and small, that 
dimerize to form the active enzyme (10). Sequential 
activation of caspases plays a central role in the execu-
tion phase of cell apoptosis, triggering to the activation 

of caspase-3 that represent the last and final step of the 
cascade activation leading to cell apoptosis (11). Under 
certain circumstance, the above mentioned apoptotic 
pathway might be inhibited by BCL2 (B-cell lymphoma 
2), encoded in humans by the BCL2 gene (12-14). The 
BCL2 family proteins regulate apoptotic cell death by 
either inducing it (pro-apoptotic) or inhibiting it (anti-
apoptotic). BCL2 is specifically considered as an im-
portant anti-apoptotic protein and is thus classified as 
an oncogene (15). BAX protein, another member of the 
BCL2 family encoded in humans by the BAX gene, pro-
mote apoptosis by binding and antagonizing the BCL2 
protein (16). Besides apoptotic-associated proteins, Cy-
clin-dependent kinase (CDKs), such as Cyclin D1, also 
regulates the cell cycle to modulate cell proliferation or 
apoptosis (16, 17). Cyclin-dependent kinase inhibitor 
(CKI) is a negative regulatory factor that inhibits CDKs 
activity (18). P21, one of the major genes belonging to 
the CKI family, on one hand can combines with Cy-
clins, CDK and PCNA to form a tetramer compound to 
suppress Cyclin-CDK activity and to arrest the progress 
from G1 to S phase, and on the other hand, can make a 
complex with PCNA sigma subunit of DNA polymerase 
to prevent DNA duplication (19, 20).

Polysaccharides possess multiple bioactivities in-
cluding anti-tumor, anti-infection, immunity promo-
tion, anti-rheumatic and anti-peptic ulcer (21). Several 
researches were focusing their attention on the antitu-
mor activity of plant and fungi polysaccharides, such as 
panaxan, ganoderan and aloe polysaccharide (22-24). In 
recent years much attention has been paid to the effects 
of polysaccharides from animal sources against cancer. 
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Several studies showed that shark cartilage possesses 
angiogenic inhibitory effects and anti-tumor activities 
(25, 26). Our group showed that cartilage polysaccha-
ride (PS) extracted and purified from porcine cartilage 
possessed a significant ability to inhibit S180 and MCF-
7 cell proliferation (27). Based on our previous results, 
we performed an in vivo study on mice using the ascite 
H22 hepatocarcinoma cell line to investigate the anti-
tumor effect of PS on H22 cell.

Materials and methods

Extraction of polysaccharide from porcine cartilage
Porcine cartilage was crushed with a colloid mill of 

100 meshes, kept in HCl (0.1%) for 2 hours to remove 
the residual calcium salt, and washed with water until 
the sample reached a neutral pH. Next, 1% Na2CO3 was 
added and the temperature was kept at 70°C for 30 min. 
The product was hydrolyzed by papain (1:500, w/v) for 
3 h, adsorbed by EDTA and eluted by NaCl, to extract 
the long chain polysaccharide. Finally, the long chain 
polysaccharide underwent degradation to obtain a short 
chain polysaccharide (PS) by H2O2 (3%) for 3 hours, fol-
lowed by ethanol precipitation. And it was dried at room 
temperature. After lyophilization, PS was dissolved in 
Phosphate Buffer Solution (PBS) pH 7.4 for the in vivo 
study. PS at a concentration of 0.4 mg/mL was used to 
determine the purity of the samples with the HPLC sys-
tem as described in our previous study. The PS from 
the porcine cartilage exhibited 95% chondroitin sulfate 
purity according to calculations based on the internal 
standard method (28). Moreover, in our previous study, 
one hundred micrograms of sample was run on a poly-
acrylamide gel in parallel. Alcian blue staining showed 
that the average molecular weight of the sample was 
approximately 30 kDa. Protein staining by Coomassie 
blue R-250 demonstrated that the sample was pure (29).

Cell lines and materials
H22 cells (Tianjin Medical University, Tianjin, 

China) were cultured in RPMI 1640 (Thermo Scien- 
tific Hyclone, Shanghai, China) containing 10% heat-
inactivated fetal bovine serum (Thermo Scientific Hy-
clone, Shanghai, China), 100 U/ml penicillin G, 100 μg/
mL streptomycin (Gibco, Burlington, ON, Canada), and 
2 mmol/L glutamine. KM mice (SPF) with a controlled 
weight of 26~28g were provided by the Department of 
Experimental Animals, Academy of Military Medical 
Sciences, Beijing. Same number of males and females 
mice was used. Five experimental groups were set for 
1, 3 and 5 d PS treatment groups, vehicle control, and 
control group with PBS treatment. In each group there 
were 15 mice. The certification number was SCXK-
(Military) 2002-001. All the animal experimental pro-
cedures followed The National Institutes of Health 
guidelines for the care and use of laboratory animals. 
The animals were allowed free access to food and water 
during the experiment and were maintained on a 12 h 
light/dark cycle in a controlled temperature (20-25°C) 
and humidity (50±5%) environment for 1 week before 
use.

Establishment of H22 cell-bearing mouse model 
H22 cells were cultured in RPMI 1640 medium, ex-

ponential phase cells were collected and washed with 
0.9% saline for 3 times to adjusted to 1×107/mL. One 
mL of H22 cell suspension was then intraperitoneally 
injected in KM mice. After 7 days ascites were absorbed 
collected and washed and the concentration was adjusted 
to 1×107/mL with normal saline. This cell suspension 
was intraperitoneally injected in 20 KM mice at a dose 
of 0.2 mL/mouse on day 0. The next day, the mice were 
randomly divided into four groups: vehicle control and 
1, 3 and 5d PS treated groups. The vehicle control was 
treated intraperitoneally with normal saline, whereas 
PS group was treated with 1500mg/kg PS per day. The 
average survival time of each group was recorded and 
the increase in life span (ILS) was calculated. ILS (%) 
= [(average lifespan in an experimental group − ave-
rage life span in the vehicle control)/average life span in 
control group] × 100, where the experimental group is 
the PS group and the vehicle control is the group trea-
ted with normal saline. The organ index of thymus and 
spleen was calculated. Thymus index = thymus weight 
(mg)/body weight (g); Spleen index = spleen weight 
(mg)/body weight (g).

Apoptosis detection by HE staining
After PS treatment for 0, 1, 3 and 5d, the mice were 

sacrificed and sterilized with 75% ethanol. The ascites 
were then extracted from each mouse and washed with 
PBS (pH 7.3) two times. The discontinued density gra-
dient centrifugation was used to separate the H22 cells. 
Briefly, 15 mL of 100% lymphocyte separating medium 
was added into the underlayer and 15 mL of 75% lym-
phocyte separating medium was added into the middle 
layer. A portion of 20 mL cell suspension was added 
into the centrifuge tube. The cells were collected at the 
75% interface after centrifugation of 2000 rpm/min with 
20 min. Erythrocyte lysis buffer was added and mixed 
well to stand for 8 min in the refrigerator at 4 °C. The 
mixture was then centrifuged for 5 min at 1500 rpm/
min, the cells were washed with PBS and RPMI 1640 
medium and fixed. The fixed cells were immersed in 
hematoxylin for 10 min and then washed with distilled 
water. Next, the cells were immersed in eosin for 3 min 
and washed with ethanol at different percentages. Cell 
morphology was analyzed by microscopy (Olympus, 
C5060-ADU, Tokyo, Japan).

Apoptosis detection by TUNEL staining 
TUNEL assay is a staining specific for apoptotic cell 

nucleus or apoptotic bodies, therefore it allows to detect 
the typical morphology of apoptosis thanks to its abi-
lity to detect DNA fragmentation by labeling the ter-
minal end of nucleic acids (28). In this study, an in situ 
apoptosis detection kit (Promega, Madison, WI, USA) 
was used to determine the induction of H22 apoptosis 
by PS treatment according to the manufacturer’s proto-
col. Briefly, ascites were extracted (as describe in sec-
tion 2.4) and washed with PBS, the cell suspension was 
pipetted onto the slides at a concentration of 1×106/mL 
for 10 min. Fifty (50) μL of ice-cold rTdT incubation 
buffer was added to the cells and the slides were covered 
and incubated at 37 °C for 60 min in a humid chamber. 
Next, 2×SSC was used to immerse the slides in a Co-
plin jar for 15 min at room temperature to complete the 
reaction. The slides were then washed with fresh PBS 
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Tab.1. A significant difference (P<0.05) was found 
between control group and PS treated group on thymus 
index, but not on spleen index. 

Morphological changes analyzed by HE staining
HE staining showed regular rounded shape cells with 

a big nucleus and dark color in control group as shown 
in Fig.1a. After PS treatment, the typical apoptotic mor-
phology appeared such as cell shrinkage, cytoplasm and 
chromatin condensation and the formation of apoptotic 
bodies and cell debris after cell necrosis (Fig.1 b-d). The 
present cytomorphology results suggested that apopto-
sis might occur after PS treatment in H22 cells.

Induction of apoptosis by PS
TUNEL staining was performed to determine whe-

ther, in addition to the effects on cell morphology with 
the appearance of the typical apoptotic bodies, PS was 
also able to induce the break of DNA double helix in 
fragments at a molecular level. As shown in Fig.2, cells 
with green fluorescence increased in number as a result 
of the extension of the PS incubation time. The apop-
totic rate increased from 38.85%±3.44% in the control 
group to 51.36%±1.50% in the experimental group 
treated with 1500mg/kg PS for 5 d (P<0.05). The pre-
sent data were in accordance with the results obtained 
in the cell cycle analysis, which demonstrated that PS 
prevented cell survival and induced apoptosis in H22 
cells according to the preserved DNA content and DNA 
broken chain. 

Effect of PS on cell cycle distribution
H22 cell suspension was fixed with ice-cold 70% 

methanol and stained with PI for cell cycle and apoptosis 
analysis by flow cytometry (FCM). As shown in Fig.3, 

for 5 min. The specimens were examined under a fluo-
rescence microscope (Olympus, C5060- ADU, Tokyo, 
Japan) and photographs were taken. The percentage of 
apoptotic rate was calculated by counting average TU-
NEL positive cells in three microscopy fields (positive 
cells / total cells). 

Cell cycle analysis
After PS treatment, ascites were extracted (as des-

cribe in section 2.4) from each mouse at 0, 1, 3 and 5 
d and washed with ice-cold PBS for three times. Cells 
were suspended in PBS and adjusted to a concentration 
of 2 ×106/mL, then fixed in 70% methanol. DNA was 
stained with propidium iodide (50 μg/mL) containing 
5 mg/ml RNase (Boehringer Mannheim, Germany) at a 
1:100 dilution. Cell cycle analysis was performed with a 
FACScan flow cytometer (Becton Dickinson, San Jose, 
CA, USA). The sub-G1/G0 cell fraction was considered 
as representative of apoptotic cells.

Immunofluorescence assay
Fresh ascetic fluid extracted from mice treated with 

PS for 0, 1, 3 and 5 d was washed three times with PBS 
(as describe in section 2.4). Cells were fixed with 4% 
paraformaldehyde for 25 min and permeabilized with 
0.1% Triton X-100 for 5 min at room temperature. Next, 
slides were incubated with 0.1% BSA in PBS at room 
temperature for 30 min to block nonspecific antibody 
binding. Subsequently, slides were incubated with pri-
mary antibodies of Mouse Anti-Cyclin D1, Mouse 
Anti-P21, Rabbit Anti-Fas, Rabbit Anti-BCL-2, Mouse 
Anti-BAX, Mouse Anti-AFP and Rabbit Anti-caspase-3 
(1:200 in 0.1% BSA, Santa Cruz Biotechnology, Santa 
Cruz, CA, USA). After overnight incubation at 4°C, the 
slides were washed and incubated with FITC-conju-
gated goat anti-mouse or goat anti-rabbit secondary 
antibody (1:200 in BSA, Beijing Jinqiao Biological 
Technology, Beijing, China) at 37°C in the dark for 1.5 
h. Slides were washed with PBS and examined using 
a fluorescence microscope to count the positive cells 
(Olympus). The primary antibody was replaced with 
PBS in the negative control.

Statistical analysis
Experiments were performed at least 3 times, obtai-

ning similar results. Results were expressed as mean ± 
SD, and differences between groups were assessed by t 
test using SPSS software. P < 0.05 was considered sta-
tistically significant.

Results 

Effect of PS on life span and organ index
PS significantly affected mice survival time with 

longer life span, which indicated that PS inhibited the 
development of H22 tumor cell on mice as shown in 

  Group    n Survival time (d)  ILF (%) Spleen index (mg/g) Thymus index (mg/g)

Control 10 12.13±0.23   ---- 3.04±0.37 1.25±0.21

PS (1500mg/kg) 10 16.88±0.72* 38.56* 4.07±0.81 0.90±0.12*

Table 1. Effect of PS on the survival time, increase in life span (ILF) and organ index.

*P<0.05 PS group vs control.

Figure 1. Morphological changes of H22 cell induced by PS (400×). 
(a) Control (0 d); (b) 1 d treatment; (c) 3 d treatment; (d) 5 d treat-
ment.
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G0/G1 phase population was significantly decreased in 
PS treated cells compared with the control group, whe-
reas the percentage of G2/M increased as a result of the 
increased PS incubation time. Cell population of Sub-
G0/G1 significantly increased (P<0.05) at 5 days after PS 
treatment, indicating a remarkable apoptosis induced by 
PS with G2/M arrest. 

Expression of apoptotic relevant proteins
To further confirm the effect of PS on H22 cell cycle 

arrest, we analyzed the expression of cyclin D1 and p21 
proteins by immunofluorescent staining. On one hand, 
Cyclin D1 expression was remarkably down regulated 
from 60.89%±4.86% in control group to 48.75%±2.15% 
and 43.46%±2.46% in the 3 d and 5 d PS treatment, res-
pectively, as shown in Fig.4 a, b, e. On the other hand, 
P21 protein expression was significantly upregulated 
from 30.25%±2.21% in control group to 68.55%±3.54% 
and 72.89%±1.87% in the 3 d and 5 d PS treatment, res-
pectively, as shown in Fig.4 c, d and e. The similar trend 
was observed in western blotting results as showed in 
Fig.6. These results suggest that inactivation of Cyclin-
D1 and P21 in H22 cells may play an important role in 
the course of PS-induced apoptosis.

A small and not statistically significant decrease of 
Fas protein was found at 1 d after PS treatment com-
pared with the control group. However Fas signi-
ficantly increased (P<0.05) to 45.39%±2.25% and 
69.76%±3.50% in the 3 and 5 d PS treatment, respec-
tively. Western blotting analyses were performed to ad-
dress the roles of the Fas signaling pathways in the pro-
cess of apoptosis induced by PS. The bands showed that 

Figure 2. Effect of PS on H22 apoptosis analyzed by TUNEL assay. Mice were divided into five groups including control (PBS), 1, 3, 5d treated 
group (ascetic fluids and PS)and vehicle control (ascetic fluids and normal saline). In each group there were 15 mice. Ascites tumor cells were 
extracted, prepared and cytospun on slides with concentration of 1 × 106 cells/ ml for measurement of TUNEL staining using fluorescence micros-
copy (400×). (a) Control (0 d); (b) 1 d treatment; (c) 3 d treatment; (d) 5 d treatment; (e) Apoptotic rate of H22 cells in ascites treated with PS. 
*P<0.05 vs control.

Figure 3. Apoptosis and cell cycle distribution of H22 cell. Ascitic 
KM mice were treated with PS for 1, 3 or 5 days with 15 mice in 
each group. Ascites tumor cells were extracted and prepared for cell 
cycle analysis by flow cytometry. Untreated cells (0 d) were used 
as control. *P<0.05 between each treated group and control group 
(0 d).

Figure 4. Expression of Cyclin D1 & P21 protein of H22 cells detected by immunohistochemistry (400×). KM mice were treated with PS for 1, 
3 or 5 days with 15 mice in each group. Ascites tumor cells were extracted and prepared for immunohistochemistry of Cyclin D1 and P21. (a) 
Expression of Cyclin D1 in control group (0 d); (b) Expression of Cyclin D1 in the treatment group (1500mg/g, 5 d treatment); (c) Expression of 
P21 in control group (0 d); (d) Expression of P21 in the treatment group (1500mg/g, 5 d treatment); (e) expression of Cyclin D1 and P21 protein 
of H22 cells. *P<0.05 between each treated group and control group.
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to 37.91%±3.10%, 50.43%±2.14% and 56.47%±3.27% 
in the 1, 3 and 5 d treatment groups, respectively. Taken 
together, these results demonstrate that modulation of 
BCL2 and BAX in H22 may play an important role in 
PS-induced apoptosis. The apoptotic process is mostly 
mediated by the caspase family proteins, since they are 
a set of proteases involved in the early apoptosis and on 
the delivery of the signaling pathway. Therefore, we in-
vestigated the contribution of caspase-3 on PS-induced 
apoptosis by immunofluorescent staining. A remarkable 
increase in the caspase-3 protein level was observed 
in H22 cells at day 1, 3 and 5 (Fig. 8), suggesting an 
important role for this signaling pathway in PS-induced 
apoptosis. Alpha-fetoprotein (AFP) has been conside-
red as one of the major marker for liver cancer identi-
fication, which is detected in the cytoplasm by immu-
nofluorescence method. Tab.3 showed that after 3 d of 
PS treatment, AFP expression was significantly down 
regulated from 55.12%±2.44% to 26.26%±0.67%, and 
this amount remained low over time to day 5. Hence, 
the extension of the survival time and the increase in 
life span may be due to the AFP down regulation by PS 
treatment.

Discussion

It is already known the ability of PS to inhibit the 
growth of MCF-7 breast cancer cells and K562 leuke-
mia cells as well as its ability to induce cell apoptosis, 
as we showed in our previous study (27-29). Based on 

Fas decreased after 1d treatment, however increased for 
3 and 5d (Fig.6). Fas, as a transmembrane receptor pro-
tein, possesses a death domain to start cell apoptosis. 
BCL2 and BCL-xL are involved in type 2 Fas apop-
tosis pathway. In the present study, as shown in Fig.7 
and Tab.2, BCL2 expression was significantly down 
regulated from 69.39%±5.02% in the control group to 
52.60%±5.13% in the PS treated group right after 1 d 
treatment. This decrease remarkably proceeded until 
reaching 40.10%±2.89% and 34.56%±2.01% in the 3 
and 5 d treatment, respectively (P<0.05). On the other 
hand, the expression of BAX expression was signifi-
cantly increased after PS treatment from 19.64%±4.14% 

Figure 5. The effect of PS on the expression of Fas protein on H22 
cells detected by immunohistochemistry (200×). KM mice were 
treated with PS for 1, 3 or 5 days with 15 mice in each group. Ascites 
tumor cells were extracted and prepared for immunohistochemistry 
of Fas expression. (a) Expression of Fas in control group (0 d); (b) 
expression of Fas in treatment group (1500mg/g, 5 d); (c) expres-
sion of Fas on H22 cells. *P<0.05 between each treated group and 
control group (0 d).

Figure 6. Function of P21, Fas and Cyclin-D1 in apoptosis induced 
by PS. Ascitic KM mice were treated with PS for 1, 3 or 5 days. Time 
course analysis of P21, Fas and Cyclin-D1 activation was assessed 
by western blot analysis. Untreated cells (0 d) were used as control.

Figure 7. Expression of BCL-2 & Bax protein of H22 cells detected 
by immunohistochemistry (400×). KM mice were treated with PS 
for 1, 3 or 5 days with 15 mice in each group. Ascites tumor cells 
were extracted and prepared for immunohistochemistry of BCL-2 
and Bax expression. (a) Expression of BCL-2 in control group (0 
d); (b) Expression of BCL-2 in the treatment group (1500mg/g, 5 d 
treatment); (c) Expression of Bax in control group (0 d); (d) Expres-
sion of Bax in the treatment group (1500mg/g, 5 d treatment). 

Treatment time (d) BCL-2 expression (%) Bax expression (%) BCL-2/Bax
0 69.39±5.02 19.64±4.14 3.53
1 52.60±5.13* 37.91±3.10* 1.38
3 40.10±2.89* 50.43±2.14* 0.79
5 34.56±2.01* 56.47±3.27* 0.61

Table 2. Expression of BCL-2 and Bax protein of H22 cells.

*P<0.05 between each treated group and control group.
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our preliminary study, H22 mice ascitic tumor model 
was chosen to evaluate the antitumor activity of PS. We 
showed that PS prolonged survival time of the mice, so 
as to increase the life span (Tab. 1). However PS didn’t 
show significant effect on spleen index and even rever-
sely effected the thymus index, which indicated that PS 
improve mice survival condition not through enhancing 
immunologic function. Therefore we speculated that PS 
might inhibit cell proliferation by inducing cell apop-
tosis. After morphology observation, typical apoptotic 
characteristics were appeared (Fig. 1), besides, DNA 
fragmentations have been detected by TUNEL assay 
(Fig. 2), On the basis of our results, tumor cell prolife-
ration might be inhibited by PS through the induction of 
H22 cell apoptosis. 

The cell cycle is regulating a set of cellular signaling 
systems that not only control cell proliferation, but also 
determine the subsequent fate of the daughter cells by 
controlling the processes of differentiation, apoptosis 
or senescence (30-32). Cell cycle blockage is the main 
target for many anticancer drugs, such as Adriamycin, 
Cis-platinum, 5-fluorouracil and Taxoids. Some stu-
dies indicated that cell cycle arrest on G2/M or S phase 
depends on the cell sensitivity to cancer (33, 34). In 
the present study, cell cycle arrest on G2/M phase was 
observed after 1 and 3 d of PS treatment, decreasing 
the number of cells that moved from G2/M to G1 phase. 
Cell cycle signaling is responsible for controlling the 
survival of a cell, including the detection and repair of 
genetic damage as well as the prevention of cell division 

(35). Two key categories of regulatory molecules of the 
signaling system, cyclins and cyclin-dependent kinases 
(CDKs), control the cell cycle progress mediated by the 
bind to specific CDKs to form cyclin/CDK complexes. 
In our results, the up-regulation of P21, a potent cyclin 
dependent kinase inhibitor (CKI), that bind and inhibit 
cyclin-CDKs complexes activity, prevented the DNA 
damaged cell to move from G1 to S phase, thus inhibi-
ting cell proliferation. On the other hand, cyclin D1, as 
one of the main cyclins regulating the proliferation that 
plays an important role in the G1 to S transition, was 
significantly down regulated at 3 and 5 d after PS treat-
ment, indicating that also this protein was involved in 
the reduced cell proliferation. Furthermore, AFP down 
regulation was detected at 3 d after PS treatment. Since 
it is also known that AFP inhibits cell proliferation by 
inducing a delay in the progression from the G1 to S 
phase, decrease of cells in G0/G1phase and a G2/M ar-
rest might due to the down-regulation of Cyclin D1 and 
AFP and up-regulation of P21 proteins.

Two typical caspase-dependent apoptotic pathways 
are involved in the apoptosis of the cell, one invol-
ving the death receptor pathway and the other one the 
mitochondrial pathway (36). Death receptors, like Fas, 
TRAIL receptors and TNF receptor, can activate cas-
pase-8 and -10 to initiate the caspase cascade (37). In 
our results the expression of Fas significantly increased 
after PS treatment. As a consequence of that, it is known 
that the permeability of the mitochondria outer mem-
brane is changed and releases the cytochrome C to fi-
nally activate caspase-9. Once activated, a cascade of 
caspases are gradually and subsequently involved in a 
chain reaction where each caspase are cleaved and acti-
vated until the activation of caspase-3 that represent the 
final step leading to apoptosis. In our results, caspase-3 
remarkably increased at 1, 3 and 5 d after PS treatment. 
Following Fas activation in H22 cells, a balance between 
the anti-apoptotic protein BCL2 and the pro-apoptotic 
protein of BAX is established, which work together to 
control the cell fate. Our immunofluorescence assay 
results showed a down regulation of BCL2 expression 
and an up regulation of BAX expression, leading to an 
activation of the caspase-activated Fas pathway in PS-
induced H22 apoptosis. 

In conclusion, the present study showed that PS-in-
duced ascitic tumor H22 apoptosis is possibly mediated 
by cell population decrease in G0/G1 phase and G2/M 
arrest and furthermore by BCL2/BAX involved in cas-
pase-activated Fas pathway. Our results provide new 
insights into the possible molecular mechanism of PS as 
a novel anticancer agent and its potential use in clinic.
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