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Malignant tumor is a great threat to human health. 
Many ways have been used to treat tumor nowadays, sur-
gical resection is one of the effective treatment measures, 
but the long-term effect should be improved. The main 
problems of drug treatment are that it often have seri-
ous adverse reactions, and drug resistance often happened 
easily. So, it is very urgent to develop new anticancer 
drugs. Basic research showed [1–3] that Jinke could induce 
apoptosis in human hepatocellular carcinoma cells, lung 
cancer cells, rectal adenocarcinoma cell line and so on.

Clinical application showed [4–6] that Jinke has unique 
effects on hepatoma, lung cancer, esophageal carcinoma 
and other neoplasms diseases and it also could enhance 
the effects of chemotherapy drugs and reduce drug re-
sistance. Though it have been made some progression in 
basic research and clinical application, the mechanism of 
its anticancer effects was hardly reported. Our present re-
search aimed at identifying the apoptosis-inducing effects 

on tumor cells and its mechanism with the Molt-4 cells 
as a model.

Materials and methods

Materials
Propidium iodide, RNaseA, Bovine serum albumin 

(BSA), Triton X-100, FITC-conjugated goat anti-mouse, -
rabbit IgG and formaldehyde were purchased from Sigma 
Chemica1 Co. (St Louis, USA). Annexin-V-FITC was pro-
vided by Kaiji Biological Development Co. Ltd. (China). 
Marker (SM0671) was purchased from Fermentas Com-
pany (USA). Rabbit-anti-human Bcl-2 and Bax antibody 
were provided by Cell Signaling Company (USA). Mouse 
anti-human cyclin E antibody was purchased from BD 
Pharmingen Company (USA). Jinke (PS-T) was provided 
by Gaitian Li Pharmaceutical Co. Ltd. (Jiangsu, China). 
Jinke was dissolved in RPMI-1640 to maintain the con-
centration was 0.1 mg/mL. The FACSort flow cytometry 
was provided by Bection Dickinson Company (USA).
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Cell culture and treatment
Human acute lymphocyte leukemia (Molt-4) cells were 

cultured in RPMI-1640 supplemented with 10% fetal calf 
serum, 1% (w/v) glutamine, 100 units/L benzylpenicillin 
and 100 mg/L streptomycin. For Annexin-V, the expo-
nentia1 cells were treated with 0.5, 1.0, 1.5, 2.0, and 3.0 
mg/mL Jinke for 24 h in RPMI-1640. Besides, the expo-
nentia1 Molt-4 cells was treated with 1.5 mg/mL Jinke for 
different time.

Annexin-V / PI assay
The cells were collected and washed with PBS, fol-

lowed by being resuspended in binding buffer (HEPES-
NaOH 10 mmol/L, pH 7.4, NaCl 140 mmol/L, CaCl, 2.5 
mmol/L). Cell concentration was adjusted to 1 × 106 /mL, 
Annexin V-FITC 5 μL and PI 5 μL were added in 100 μL 
cells in dark for 15 min, then measured on FACSort f1ow 
cytometry.

DNA content and cell cycle analysis
Untreated and treated cells were collected after cul-

tured in the presence or absence of Jinke for the indicated 
time, rinsed with PBS and suspended in 75% ethano1 at 
–20  overnight. Fixed cells were centrifuged at 1200 
r/min and washed with PBS twice. For detecting DNA 
content, cells were contained in the dark with PI 50 mg/L 
and 0.1% RNAseA in 400 μL PBS at room temperature for 
30 min. Stained cells were analyzed on FACSort (Becton 
Dickinson, USA).

Flow cytometry for cyclin E
Cells were washed with PBS and suspended in 75% 

ethanol at –20  over night. Fixed cells were centrifuged 
at 1200 xg, washed with PBS and treated with 0.25% Tri-
ton X-100 in PBS for 5 min. After the addition of PBS and 
centrifugation, the samples were incubated with mouse 
mAb to human cyclin E at 4  overnight. The antibody 
was diluted in PBS containing 1% BSA and applied at a 
ratio of 0.25 μg mAb / 5 × 105 cells. After washed with 
1% BSA, the cells were incubated in the dark with FITC-
conjugated goat anti-mouse IgG for 30 min. After being 
washed with 1% BSA again, the cells were stained with 
PI 50 mg/L and 0.1% RNaseA in 400 μL PBS for 30 min. 
Cyclin detection was performed with a FACSort f1ow 
cytometry

API assay for cell cycle-specific apoptosis 
The cells were collected and washed with PBS, fol-

lowed by being resuspended in binding buffer (HEPES-
NaOH 10 mmol/L, pH 7.4, NaCl 140 mmol/L, CaC1 2.5 
mmol/L). The samples were incubated with 5 μL Annexin 
V in dark for 15 min, washed with binding buffer and 
re-suspended in l% formaldehyde in the binding buffer at 
4  for 30 min. After washed with binding buffer again, 

the cells were stained with 500 μL PI in PIPES contain-
ing digitonin for 15 min then measured on FACSort f1ow 
cytometry.

Western-blot for Bax and Bcl-2
The cells were washed twice with PBS. The washed 

cells were lysed in 2 × SDS sample buffer and boiled for 
5 min, then the lysates were centrifuged at 1800 r/min 
at 4  for 15 min. The protein concentration was deter-
mined by Bradford’s method using bovine serum albumin 
as a standard. The supernatants were used for a western 
blot analysis. Equivalent protein extract (50 μL from each 
sample was subjected to electrophoresis using 12% so-
dium dodecyl sulfate polyacrylamide gel electrophore-
sis (SDS-PAGE). Then the proteins were transferred to 
PVDF membranes at a constant current of 350 mA for 
90 min. The membranes were blocked with 5% non-fat 
milk in TBST (Tris-HCl 10 mmo1/L. pH 8.0, NaCl 150 
mmol/L, Tween-20 0.15%) at 25  for 1 h. They were 
subsequently incubated at 4  overnight with the pri-
mary monoclonal antibodies anti-Bax, anti-Bcl-2. All 
primary antibodies (in TBST plus 5% non-fat milk) were 
used at 1 mg/L. After the membranes were washed three 
times with TBST, they were incubated at 25  for 1 h 
with anti-mouse HRP polymer secondary antibody at a 
l:2000 dilution in TBST (plus 5% non-fat-milk). After be-
ing washed the membrane with TBST, the protein bands 
on the membranes were detected with the ECL system.

Results

Concentration-dependent apoptosis in Molt-4 
cells induced by Jinke

We examined the apoptosis rate in Molt-4 cells treated 
with different concentrations of Jinke for 24 h. Annexin-
V / PI assay showed that Jinke induced apoptosis in Molt-
4 cells in a concentration-dependent manner (Fig. 1).

Time-dependent apoptosis in Molt-4 cells 
induced by Jinke

The apoptosis rate increased in a time-dependent man-
ner when the Molt-4 cells were treated with 1.5 mg/mL 
Jinke for different times, from 4.8% in 0 h to 26.2% in 36 
h (Fig. 2).

DNA content and cell cycle analysis
Fig. 3 illustrated changes in DNA content distribution 

in Molt-4 cells treated with 1.5 mg/mL Jinke for 12, 24 
and 36 h. As the treatment time increased, the percent-
age of cells in G0/G1 phase increased accordingly, from 
51.8% in 0 h to 58.6% in 36 h. And the percentage of cells 
in G2/M phase decreased gradually, from 7.8% in 0 h to 
0.6% in 36 h.
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Cyclin E analysis
The expression of cyclin E increased accordingly in 

Molt-4 cells treated with 1.5 mg/mL Jinke for 12, 24 and 
36 h (Fig. 4).

Cell cycle-specific apoptosis in Molt-4 cells 
Annexin-V positive cells could be seen in Molt-4 cells 

12 h after treatment with 1.5 mg/mL Jinke. And almost all 

the apoptosis occurred in G0/G1 phase (Fig. 5). It meant 
that Jinke could induce G0/G1 phase-specific apoptosis.

Western blot for the expression of Bax and 
Bcl-2

Fig. 6 illustrated that the expression of Bcl-2 was down-
regulation and the Bax was up-regulation in Molt-4 cells 
treated with 1.5 mg/mL Jinke 12, 24 and 36 h. 

Fig. 2  Time-dependent apoptosis of Molt-4 cells after the treatment of 1.5 mg/mL Jinke

Fig. 3 Cell cycle was arrested in G0/G1 phase after the treatment of 1.5 mg/mL Jinke

Fig. 1 Concentration-dependent apoptosis of 
Molt-4 cells 24 h after the treatment of Jinke 
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Discussion

Jinke (polysaccharide of trametes robiniophila murr), 
which contains variety of organic ingredients and more 
than 10 kinds of mineral elements, was extracted from 
huaier with hot water. The main ingredient of Jinke is 
polysaccharide protein (PS-T), consists of 6 kinds of 
monosaccharides and 18 kinds of amino acids [7]. Jinke, 
the finished product of polysaccharide of trametes rob-
iniophila murr, has been used in clinical as a new drug 
now.

Apoptosis was closely related to tumor disease and its 
therapy. So it’s important to study the apoptosis-inducing 
effects of anti-tumor drugs on tumor cells. In this research, 
Annexin-V / PI showed that apoptosis rate increased with 
the increased concentration of Jinke in Molt-4 cells treat-
ed with different concentrations of Jinke for 24 h. And 
when the Molt-4 cells were treated with 1.5 mg/mL Jinke 
for different times, the apoptosis rate increased with time 
increased, too. So, Jinke could induce time- and concen-
tration-dependent apoptosis in Molt-4 cells, which pro-
vided theoretical basis for clinical application.

The cell cycle checkpoint maintains the order and fi-
delity of cell cycle events in eukaryotes [8, 9]. DNA damage 
and mutations could be detected by it, and the damaged 
cells were arrested in specific checkpoint to repair. If the 
damaged DNA was repaired, the cells could enter into the 
next phase of cell cycle, or apoptosis would happen [10, 

11]. In this research, DNA content analysis showed that 
the percentage of cells in G0/G1 phase increased gradu-
ally and the percentage of cells in G2/M phase decreased 
accordingly in Molt-4 cells treated with 1.5 mg/mL Jinke 
for different times. So, the cells were arrested in G0/G1 
phase. With double parameters analysis of cyclins / DNA 
by flow cytometry, Gong et al [12, 13] probed the theory 
of scheduled expression of cyclins in cell cycle. Cyclin E 
begins to express in middle G1 phase, and it’s negative in 
G0 phase, so the G0 and G1 phase can be distinguished by 
the expression of cyclin E. In this study, the expression 

Fig. 4 Expression of cyclin E in Molt-4 cells after the treatment of 1.5 mg/mL Jinke

Fig. 5 Cell cycle-specific apoptosis of Molt-4 cells after the treatment of 1.5 mg/mL Jinke

Fig. 6 Expressions of Bax and Bcl-2 in Molt-4 cells after the treatment 
of 1.5 mg/mL Jinke
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of cyclin E increased with time increased in Molt-4 cells 
treated with 1.5 mg/mL Jinke. So it can be inferred the 
cell cycle was arrested in G1 phase, and the checkpoint in 
G1 phase was activated. API assay [14] showed that Jinke 
could induce G1 phase-specific apoptosis in Molt-4 cells. 

The mechanism of checkpoint activation after DNA 
damage are p53-dependent or p53-independent. The 
mechanism of checkpoint activation in G1 phase is main-
ly p53-dependent [15]. ATM was activated after DNA was 
damaged, followed by p53 activated, which initiate the 
transcription of p21. The cyclin E couldn’t be degraded as 
the CDK2-cyclin E complex was inhibited by p21. So the 
G1 phase block happened [16]. Besides [17], p53 could up-
regulate the transcription of Bax, Cytc was released then, 
and the caspase-9 and caspase-3 were activated, which 
leaded to apoptosis happened. According to our research 
dates, after p53-normal Molt-4 cells were treated with 
Jinke, DNA damage happened (data were to be released), 
cell cycle was arrested in G1 phase, and the expression 
of Bax was up-regulated. It can be inferred that p53 was 
activated by ATM after DNA was damaged, and then the 
checkpoint in G1 phase was activated. The up-regulation 
of Bax may be because the p53 promoted the transcrip-
tion of Bax.

Apoptosis was controlled by many genes, such as Bcl-
2, Bax, c-myc and so on. The Bcl-2 family are the most 
important genes to regulate apoptosis. Bcl-2 family was 
mainly divided into two groups according to its function 
[18], the pro-apoptosis genes and the apoptosis-inhibiting 
genes. Bax and Bcl-2 could form heterodimers or homodi-
mers. The regulation of Bax/Bcl-2 complex formation was 
a key regulator in apoptosis [19]. In this research, the Bcl-2 
was down-regulated and Bax was up-regulated in Molt-4 
cells treated with Jinke. The ratio of anti-apoptosis and 
pro-apoptosis declined lead to apoptosis happened.

The research of apoptosis-inducing effect of Jinke on 
tumor cells and its mechanism could provide theoreti-
cal basis for clinical application and the development for 
new kinds of Jinke. But the specific molecular mechanism 
should be further studied.

References

Cheng RC, Tang LG, Lan LQ, et al. Study on apoptosis of human 
rectal adenocarcinoma cell line HR8348 induced by polysaccharide 

1.

of trametes robiniophila murr in vitro. Chin J Bases Clin General Surg 
(Chinese), 2003, 10: 568–571.
Li LX, Ye SL, Wang YH, et al. Progress on experimental research and 
clinical application of trametes robiniophila. Chin J Tumor (Chinese), 
2007, 16: 110–113.
Hang T, Kong ZQ, Lu HD, et al, Apoptosis-inducing effect of Jinke on 
human adenocarcinoma of lung cell lines A549. Chin J Tuberc Respir 
Dis (Chinese), 2001, 24: 503.
Jiang M, Zhou DH. “Huaier Granule” for intermediate and late pri-
mary liver cancer in 98 cases. Shanghai J Tradit Chin Med (Chinese), 
2004, 38: 21–22. 
Chen L, Lu ZX, Lu P, et al. Anticancer effect of PS-T on the experi-
mental hepatocellular carcinoma. Chinese-German J Clin Oncol, 
2004, 3: 55–59.
Deng AP, Mao DL. The clinical research of Huaier granules in the 
treatment of gastrointestinal cancers in 74 cases. Chin Hosp Pharm J 
(Chinese), 2005, 25: 453–454.
Guo YW, Cheng PY, Chen YJ, et al. Studies on the constituents of 
polysaceharide from the hyphae of trametes robiniophiIa (II) identi-
fication of polysaccharide from the hyphae of trametes robiniophila 
and determination of its molar ratio. J Chin Pharma Univ (Chinese), 
1992, 23: 155–157.
Hartwell LH, Kastan KB. Cell cycle control and cancer. Science, 1994, 
266: 1821–1828.
Nigg EA. Mitotic kinases as regulators of cell division and its check-
points. Nat Rev Mol Cell Biol, 2001, 2: 21–32.
O'Neil N, Rose A. DNA repair. WormBook, 2006, 13: 1–12.
Branzei D, Foiani M. Regulation of DNA repair throughout the cell 
cycle. Nat Rev Mol Cell Biol, 2008, 9: 297–308.
Gong J, Traganos F, Darzynkiewicz Z. Discrimination of G2 and mi-
totic cells by flow cytometry based on different expression of cyclins A 
and B1. Exp Cell Res, 1995, 220: 226–231.
Gong J, Traganos F, Darzynkiewicz Z. Growth imbalance and altered 
expression of cyclins B1, A, E and D3 in Molt-4 cells synchronized 
in the cell cycle by inhibitors of DNA replication. Cell Growth Differ, 
1995, 6: 1485–1493.
Tao D, Wu J, Feng Y, et al. New method for the analysis of cell cycle-
specific apoptosis. Cytometry A, 2004, 57: 70–74.
Lane DP. Cancer. P53, guardian of the genome. Nature, 1992, 358: 
15–16.
Schmitt E, Paquet C, Beauchemin M, et al. DNA-damage response 
network at the crossroads of cell-cycle checkpoints, cellular senes-
cence and apoptosis. J Zhejiang Univ Sci B, 2007, 8: 377–397. 
Mihara M, Erster S, Zaika A, et al. P53 has a direct apoptogenic role 
at the mitochondria. Mol Cell, 2003, 11: 577–590.
Youle RJ, Strasser A. The Bcl-2 protein family: opposing activities that 
mediate cell death. Nat Rev Mol Cell Biol, 2008, 9: 47–59.
Cheng EH, Wei MC, Weiler S, et al. Bcl-2, Bcl-X(L) sequester BH3 
domain-only molecules preventing Bax- and Bak-mediated mitochon-
drial apoptosis. Mol Cell, 2001, 8: 705–711.

2.

3.

4.

5.

6.

7.

8.

9.

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.


