
1. Introduction

As a common malignant tumor of the digestive system, gastric

cancer (GC) ranks second in all kinds of tumors in China,1 especially

in Fujian, the incidence ranks first. The prevalence of GC, which is

considered a geriatric disease, in the elderly is significantly higher

than that in the young,2 and the median diagnostic age in China is

62.5 years.3 Because there are not obviously clinical symptoms at

the early stage, mostly diagnosed patients of GC have usually been

at the middle or late stages. Up to now surgical resection is still the

first choice of clinical application for a few early diagnosed GC

patients.4,5 Unfortunately, most patients are diagnosed in middle-

advanced stages so that the great majority have missed the best

time for surgery opportunity. The chemotherapy is also a kind of

standard treatment in perioperative period but the toxic and side

effects of chemotherapy drugs largely limit its application.6�8

Traditional Chinese medicine (TCM) is becoming a kind of increas-

ingly important treatment for GC patients whether they are in early

or late stage for its less side-effects, multi-targets and whole re-

gulation effect.

Babao Dan (BBD) is one of classical and famous Chinese patent

medicine in China. According to the pharmacology theory of TCM,

BBD can clean away heat and dampness, promote blood circulation

and detoxicating and remove yellow and pain. In traditional Chinese

medical science, the tumor occurrence, development and pro-

gression are all closely related to heat, toxic, phlegm and dampness.

Encouragingly a large number of clinical studies have confirmed that

BBD can not only reduce the side effects of chemotherapy drugs, im-

prove the living standard of patients, but also prolong the life span

of patients including GC. Corresponding to clinical study, some bio-

logical mechanism research of BBD also showed that it can inhibit

tumor cells proliferation and enhance the sensitivity of tumor cells

to the chemotherapy drugs for liver cancer, lung cancer and os-

teosarcoma.9�10 Thus BBD is generally considered to be one of the

potential antitumor drugs with little side-effects. However, at pre-

sent, there are still unclear about the effects of BBD on the pro-

liferation of GC cells.

Many Chinese herbal extracts have been shown to induce

growth arrest or apoptosis of cancer cells via p53 activation and it

was never been reported the anti-proliferation effect of BBD on p53

signal pathway in GC cells.11�15 p53 (a kind of transcription factors)

can be used as an inhibitor, which can effectively inhibit the growth
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Background: Clinical studies and biological mechanism research showed that Babao Dan (BBD) exerts

strong activity against many types of cancer, including gastric cancer (GC). In this article, the effect of

BBD on proliferation of human gastric cancer cells (AGS, MGC80-3) was studied.

Methods: AGS and MGC80-3 cells were treated with various concentrations of BBD in vitro.

The cell viability and survival rate were determined by the MTT assay and colony formation assay. The

cell cycle analysis was measured by PI staining with flow cytometry. The level of G1/S phase check point

related proteins (p53, p-p53, PCNA, Survivin, Cyclin D1, CDK4, p21) were determine by Western Blot.

Results: BBD inhibited AGS and MGC80-3 cells viability and decreased survival rate in a dose-dependent

manner. The percentage of S-phase of AGS and MGC80-3 were found to be significant decreased in

dose-dependent manner after cells were treated by different concentration BBD for 24 h. In addition,

increased BBD concentration up-regulated protein p-p53, p21 level and down-regulated the expression

of cell survival key protein Survivin, cell proliferation key protein PCNA and cell cycle related protein

Cyclin D1, CDK4, which is closely correlated with the G1/S phase checkpoint.

Conclusion: BBD is likely to inhibit the proliferation of gastric cancer cells with blocking G1/S cell cycle

transition by regulating the p53 pathway. Thus, BBD may become a promising agent used for GC clinical

treatment.
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of cancer cells, and also regulate cell apoptosis, angiogenesis, senes-

cence, DNA repair, and cell-cycle.16 In all most half of human can-

cers, the function of p53 is impaired by mutation or deletion.17 The

p53 pathway plays an important role in cell cycle.18,19 The p53 pro-

tein activates the transcription and over-expression of p21 gene,

causing cell cycle arrest, DNA replication and mitosis inhibition.20

The experimental conditions of cell culture in vitro were se-

lected to investigate and analyze the inhibitory effects of BBD on the

proliferation of GC cells (AGS and MGC80-3) and its mechanism,

providing more evidence for the clinical application of BBD.

2. Materials and methods

All materials and methods were performed in compliance with

international ethical guidelines and the National Institutes of Health

Guidelines for the Care and Use of Laboratory Animals, The ex-

periments were approved by the Institutional Animal Care and Use

Committee of Fujian University of Traditional Chinese Medicine

(Fuzhou, China).

2.1. Materials

The author purchased Roswell Park Memorial Institute (RPMI)

1640 Medium, fetal bovine serum (FBS), penicillin-streptomycin,

0.25% trypsin from Gibco (Grand Island, NY, USA). The author

purchased Thiazolyl blue tetrazolium bromide (MTT) and crystal

violet from Solarbio (Beijing, China). The author purchased Phos-

phate buffer (PBS) from Hyclone (South Logan, UT, USA). The author

got cell culture consumables Bicinchoninic acid (BCA) protein assay

kit, RIPA cell lysis buffer from Thermo Fisher Scientific, Inc. (Wal-

tham, MA, USA). The author purchased Cycle Test Plus DNA Reagent

kit from KeyGEN BioTECH (Nanjing, China). As for other chemical ma-

terials, if not specifically mentioned, cell culture consumables were

both obtained from Nest (Wuxi, China).

2.2. Cell culture

Two human GC cell lines (AGS, MGC80-3) were gotten from

Shanghai Institute of Biochemistry and Cell Biology, Chinese Aca-

demy of Sciences (Shanghai, China). In RPMI 1640 Medium con-

taining 10% (v/v) FBS, 100 U/mL penicillin and 100 �g/mL strep-

tomycin, cells were cultured at 37 �C under 5% CO2.

2.3. Preparation of BBD

BBD was obtained from Xiamen Traditional Chinese Medicine

Factory Co., Ltd. (Xiamen, China). Before use, BBD powder should be

dissolved into PBS, and the BBD solution with 25 mg/mL con-

centration should be prepared. After that, BBD solution was diluted

in the culture medium or PBS, and then the working concentration

of BBD solution was prepared.

2.4. MTT assay

MTT assay can effectively detect the viability of AGS and

MGC80-3 cells. Cells were seeded into 96-well plates. Its density is 1

� 105 cells/well and the volume of total medium is 100 �L. The cells

were cultured at 37 �C. After 12 h, the cells were treated with dif-

ferent concentrations of BBD solution (with a final solubility of 0,

0.25, 0.5, 1, 1.5, 2 and 4 mg/mL) for 24 h or 48 h. Then, the medium

was discarded and 100 �L MTT (0.5 mg/mL) was added into each

well. At 37 �C, it was incubated for 4 h, then MTT solution was

removed, and then the purple formaldehyde crystal was dissolved in

100 �L DMSO. The absorbance at 570 nm was examined by using

ELISA reader (Thermo, Multiskan FC, MA, USA).

2.5. Colony formation assay

AGS and MGC80-3 cells were inoculated at 2.5 � 105 cells/well

density into 6-well plate. When cell density reached 50%~60%, cells

were treated with different concentrations of BBD respectively (with

a final solubility of 0, 0.25, 0.5 and 1 mg/mL) for 24 h. And then cells

were collected and diluted in a culture medium without BBD. 1000

cells/well were seeded into culture dish in a total volume 2 mL.

Replaced new culture medium every 3 days and observed the clone

number. After 10 days, the colonies were fixed in 10% formaldehyde

solution for 10 min, then stained with 0.01% crystal violet for 20 min,

and calculated numbers under inverted microscope (DFC295, Leica,

Solms, Germany).

2.6. Cell cycle assay

Flow cytometry and PI staining were used to determine cell

cycle. AGS and MGC80-3 cells were treated with various con-

centrations of BBD (0, 0.25, 0.5 and 1 mg/mL) for 24 h. After

incubation, cells were separated from the culture plate with 0.1%

trypsin and washed twice with cold PBS solution. Cells were col-

lected at a density of 1 � 106 cells/mL and fixed in 70% ethanol

solution at 4 �C overnight.

The cells were washed twice with cold PBS solution, and then

cultured for 30 min with 500 �L PI/RNase solution as the Cycle Test

Plus DNA Reagent kit (KeyGEN BioTECH, Jiangsu, Nanjing, CHINA).

Then cell cycle was analyzed with flow cytometry (FACS Calibur;

Becton-Dickinson, San Jose, CA, USA) and data was analyzed using

Modft LT 3.0 software (Verity Software House, Inc., Topsham, ME,

USA).

2.7. Western blot

In 5 mL medium, AGS and MGC80-3 cells (2.5 � 105 cells/mL)

were inoculated into 25 cm2 flask for 24 h. After that, the cells were

treated with BBD (0, 0.25, 0.5 or 1 mg/mL). After 24 h, the cells were

treated with RIPA lysis buffer (Beyotime, Shanghai, China) containing

protease and cocktails (both Roche Diagnostics, Basel, Switzerland)

and phosphatase inhibitor for 30 min on ice. After that, the py-

rolysate was centrifuged at 10,000 �g at 4 �C for 20 min, and then

the concentration of total protein was determined by the bicin-

choninic acid protein assay (Thermo Fisher Scientifc, Inc., Waltham,

MA, USA). A 10% SDS-PAGE method was used to separate the same

amount of protein cleavage products (40 �g/lane) and then con-

verted them onto polyvinyl dimer membranes. At room temper-

ature, the membrane was blocked by 5% skimmed dry milk for 1 h,

the primary antibodies against CDK4 (1:1,000), Cyclin D1 (1:1,000),

Survivin (1:500), p21 (1:1,000), p-p53 (1:500), p53 (1:500), PCNA

(1:500) and �-actin (1:5,000) were incubated overnight at 4 �C. After

that, the membrane was continuly incubated for 1 h with ap-

propriate HRP-conjugated antibodies (1:5000). The last step is to

observe the target protein bands with SuperSignal West Pico Che-

miluminescent substrate (Thermo Fisher Scientifc, Inc., Waltham,

MA, USA).

2.8. Statistical analysis

The statistical analysis were performed by SPSS 12.0 software
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(SPSS, Inc., Chicago, IL, USA). All quantitative data were represented

as mean � S.D.. Significance of the differences among various groups

was statistically analyzed using one-way ANOVA and Student’s t-test.

p value less than 0.05 was considered with the difference statistically

significant.

3. Results

3.1. BBD inhibited AGS and MGC80-3 cells proliferation in

vitro

MTT assay is used to evaluate the cell viability treated by BBD.

Cells treated by BBD (0.25-4 mg/mL) for 24 h or 48 h, AGS and

MGC80-3 cells viability were notablely reduced with a dose- and

time-dependent manner (Fig. 1, compared with control p < 0.01 or p

< 0.05). The colony formation results showed that different concen-

trations of BBD decreased the number of colonies at different level

(Fig. 2, compared with control group, p < 0.01 or p < 0.05) which

indicated that BBD downregulated the different cell lines survival

rate.

3.2. BBD blocked AGS and MGC80-3 cell cycle in G1/S

phase

G1/S conversion is one of the two key points to regulate cell

proliferation. The cell cycle was examined by flow cytometry after

confirmed BBD inhibited cells viability and survival rate by MTT and

colony formation assay. The results showed that the percentage of S

phase of AGS and MCG80-3 cells is significantly decreased with a

dose-dependent manner and the percentage of G0/G1 phase in-

creased gradiently treated by BBD for 24 h (Fig. 3, compared with

control group, p < 0.01). The results showed that BBD blocked AGS

and MGC80-3 cell cycle in G1/S phase.

3.3. BBD activated p53 and modulated the G1/S phase

check point related protein level in AGS and MGC80-3

cells

In order to further determine the blocking cell cycle mechanism

of BBD, western blot assay was used to detect the G1/S phase check

point related protein level. BBD regulated the expression of p53,

p-p53, PCNA, Survivin, Cyclin D1, CDK4, p21 in AGS (Fig. 4A) and

MGC80-3 (Fig. 4B) after 24 h treatment. The total level of p53 pro-

tein was remarkable reduced and the phosphorylated protein level,

p-p53, was significant increased compared with the untreated cells

in a dose-dependent manner. Survivin and PCNA are key protein of

cell proliferation and survival, which were down-regulated by BBD

compared with the control group in a dose-dependent manner. BBD

also increased p21 protein level in a dose-dependent manner, while

the key protein levels of CDK4 and Cyclin D1 at G1/S phase check-

points decreased significantly.

4. Discussion

Although BBD has been used to treat many different types of

tumors in clinical, the specific reasons for its anti-cancer effect are

not clear. The present study results confirmed that BBD inhibited the

growth of GC cells in vitro. As we all know the most distinctive fea-

ture of cancer cells are unlimited proliferation.21 This kind of abnor-

mal cell growth will be accumulated and finally invade other organ
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Fig. 1. Effect of BBD on the viability of AGS and MGC80-3 cells. MTT assay was used to detect the relative survival rates of AGS and MGC 80-3 cells after 24 h

and 48 h of BBD (0, 0.25, 0.5, 1, 1.5, 2 and 4 mg/mL) treatment respectively. Data were standardized as control cells and averaged using SD (error bar) of three

independent experiments. Compared with the control group,** p < 0.01.

Fig. 2. Effect of BBD on AGS and MGC80-3 cell survival rate. AGS and MGC

80-3 cells were treated with 0 mg/mL, 0.25 mg/mL, 0.5 mg/mL and 1 mg/mL

BBD for 24 h, respectively. Under the microscope, the colony number was

calculated after 10 days. A. The photographs were magnified 40 times with

a phase contrast microscope. B. Data standardization was used as a control

cell colony formation. Data were obtained from means � SD of three inde-

pendent experiments. Compared with the control group, * p < 0.05 and ** p <

0.01.
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Fig. 3. Effect of BBD on the cell cycle blocking of AGS and MGC80-3 cells. The AGS and MGC80-3 cells were treated with different concentration of BBD (0

mg/mL, 0.25 mg/mL, 0.5 mg/mL and 1 mg/mL) for 24 h. The cells were stained with PI and detected by FACS. These results were obtained from three independ-

ent experiments. B. Modft LT 3.0 software was used to analyze the percentage of G0/G1 cells, S cells and G2/M cells. Three groups of independent experimental

data were expressed by means � SD. Compared with the control group, ** p < 0.01.

Fig. 4. Effect of BBD on the protein level of p53, p-P53, PCNA, Survivin, p21, CDK4, Cyclin D1 in AGS and MGC80-3 cells. The cells were treated with BBD

indicated concentration for 24 h, and the protein extracted from AGS (A) and MGC80-3 (B) cells was detected by western blot. Internal control was per-

formed with �-actin. Three individual experiments were performed.



to lead to death. Therefore, finding some new drugs that target the

cell proliferation will furtherly provide some favorable helps for GC

treatment in clinical. Perhaps, BBD may be a potential possibility of

these drugs because BBD gradually induce the decrease of the

Survivin and PCNA protein level, a kind of critical protein of cell pro-

liferation in a dose-dependent manner. Survivin is a protein that is

able to bind to p21 and block apoptosis to prevent cell death and

prolong cell survival.22 PCNA is a specific marker of cell division and a

synthetic product of a short period before S phase in the cell cycle.23

It is important to note that BBD furtherly blocked the cell cycle

transition from G1 phase to S phase at a dose-dependently manner

in AGS and MGC80-3 cells. G1/S conversion is one of the key points

in cell cycle, which is mainly related to the beginning and ending

stages of DNA replication.24 By using FACS and PI staining analysis, it

can be confirmed that BBD blocked the process of G1/S cell cycle.

Some reports indicate that p21 is the main target of p53 activity.

Once p53 combined with p21, the complex can block the process of

G1/S cell cycle and then inhibit the proliferation of cancer cells. The

main mechanism is that p53/p21 complex directly lead to induce

apoptosis and inhibit cell proliferation when cells are damaged.25,26

Our results furtherly clarified that BBD blocked the cell cycle by

activating p53/p21 protein for that the level of activated p-p53 and

p21 were found evidently up-regulated with the increasing con-

centrations of BBD. Cyclin D1 combined with CDK4 to synthesize

active complex, which can regulates cell proliferation. Its main

mechanism is through phosphorylation and inhibition of pocket

proteins.27 It is well known that overexpression of Cyclin D1 and

CDK4 is common in different types of cancer.28�31 It can be con-

cluded that the inhibitory effect of BBD on Cyclin D1 and CDK4 pro-

tein levels in AGS cells and MGC80-3 cells is the same as that on G1/S

conversion. The function of p21 is to inhibit cyclin-dependent kinase,

which can inhibit any Cyclin/CDK complex.32 Therefore, the in-

creasing p-p53 protein induced by BBD up-regulated p21 and

down-regulated Survivin, Cyclin D1-CDK4 complex level and leaded

to the cell cycle arrest in GC cells (as shown in Fig. 5).

From the results of this study, it can be concluded that BBD has

a certain anti-tumor effect. Its main mechanism is to inhibit the

process from G1 phase to S phase, and then hinder the proliferation

of GC cells in vitro.
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