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Abstract. Currently, liver cancer is the sixth most prevalent 
cancer and the third most common cause of cancer-related 
death. However, effective chemotherapeutic drugs with low 
drug resistance and few side-effects for the clinical treat-
ment of liver cancer are lacking. Therefore, the search for 
novel drugs to compensate for the defects of existing drugs is 
urgently needed. Herein, we successfully screened an extract 
named from Stellera chamaejasme L. (SCL), a historically 
confimed antitumor plant, through a novel extraction plat-
form. In the present study, we firstly screened the anticancer 
effect of ESC by the sulforhodamine B (SRB) cell prolifera-
tion assay in a wide range of malignant cell lines, including 
A549, NCI-H157, NCI-H460, SK-HEP-1 and HepG2. With the 
highest inhibitory rate in hepatocarcinoma cells, we further 
identified the tumor-suppressive efficacy and the safety of 
ESC in an H22 hepatocarcinoma xenograft model in vivo. In 
a mechanistic study, flow cytometry and western blot analysis 
were performed to evaluate the effects of ESC on the induc-
tion of cell apoptosis, intervention of cell cycle distribution 
and its influence on key G2/M-phase regulators. The results 
showed that ESC significantly inhibited the cell growth of 
liver cancer cell lines. Accordingly, the tumor inhibition rate 
was also increased following ESC administration with little 
systemic toxicity in H22-transplanted mice. Mechanistically, 
ESC caused obvious G2/M-phase arrest in both the SK-HEP-1 
and HepG2 cell lines without cell apoptosis. Furthermore, 
cyclin B1 was downregulated, while the phosphorylation level 
of CDK1 was increased in response to ESC treatment. All these 

data confirmed that ESC possesses potent anti-proliferative 
efficacy for hepatocarcinoma through the induction of cyclin-
mediated cell cycle arrest. Thus, ESC is a promising candidate 
for hepatocarcinoma treatment in the future.

Introduction

As one of the major global public health issues, cancer greatly 
threatens human survival and has become the leading cause of 
mortality of humankind in this century (1). Clinically, during 
the rapid development of anticancer strategies, chemotherapy 
has consistently played an important role in cancer treatment. 
To date, classical botanical agents, as represented by paclitaxel 
or vincristine, are still first-line drugs and are widely applied 
as the primary choice against multiple malignancies  (2). 
Benefitting from these agents, treatment effectiveness and the 
survival rate of cancer patients have greatly improved in recent 
years. However, in spite of the satisfactory tumor-suppressive 
activities, with their extensive application worldwide, growing 
evidence reveals that side-effects and drug resistance are still 
the leading obstacles largely limiting the clinical use of classic 
tumor-toxic agents (3).

In recent years, liver cancer has become one of the most 
prevalent types of cancer and is the third most common cause 
of cancer‑related mortality (4,5). Notably, its incidence and 
mortality rank second among Chinese cancer patients (6) and 
liver cancer patients in China account for more than half of all 
cases worldwide (7).

In current clinical practice, surgical resection and liver 
transplantation are the most recommended treatment strate-
gies against hepatocarcinoma  (8). However, the statistics 
show that only a small portion of patients are suitable for 
these therapeutics (9), and even for those qualified patients, 
the recurrence rate is over 50% (10). This situation indicates 
that chemotherapy is one of the few remaining options for the 
vast majority of patients (11). Unfortunately, effective chemo-
therapeutic strategies for liver cancer patients are still not well 
established and are under extensive investigation. Therefore, 
the search for novel potential anticancer compounds with high 
specificity and sensitivity for liver cancer patients is urgently 
needed. During such research, natural products provide a 
precious reservoir with high-level chemical diversity. Thus, the 

A novel cell cycle blocker extracted from Stellera chamaejasme L. 
inhibits the proliferation of hepatocarcinoma cells

XIAO-XI KAN1,  QI LI1,  XI CHEN1,  YA-JIE WANG1,  YU-JIE LI1,  QING YANG1,  HONG-BIN XIAO2, 
ZHI-XIN WANG2,  YING CHEN1,  XIAO-GANG WENG1,  WEI-YAN CAI1  and  XIAO-XIN ZHU1

1Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing 100700; 
2Key Laboratory of Separation Science for Analytical Chemistry, Dalian Institute of Chemical Physics, 

Chinese Academy of Sciences, Dalian, Liaoning 116023, P.R. China

Received October 21, 2015;  Accepted December 14, 2015

DOI: 10.3892/or.2016.4742

Correspondence to: Dr Xiao-Xin Zhu, Institute of Chinese Materia 
Medica, China Academy of Chinese Medical Sciences, 16 Dong Zhi 
Men South Street, Dongcheng, Beijing 100700, P.R. China
E-mail: zhuxiaoxin@icmm.ac.cn

Abbreviations: CDKs, cyclin-dependent kinases; SCL, Stellera 
chamaejasme L.; ESC, extract of Stellera chamaejasme L.

Key words: cell cycle arrest, hepatocarcinoma, cyclin  B1, CDK1 
Stellera chamaejasme L.



KAN et al:  Extract from SCL induces cell cycle arrest in liver cancer cells 3481

efficacy-based high-throughput screening of natural products 
serves as an efficient approach to drug discovery (12).

Stellera chamaejasme  L. (SCL), a wide-spread peren-
nial plant in Northwest China (13), was firstly recorded in 
Chinese medical ancient classic Sheng Nong's Herbal Classic. 
Historically, SCL has been applied to a variety of diseases 
including edema, tuberculosis, carbuncle, hemorrhoids, 
scrofula, scabies, and tumors over centuries (14,15). In modern 
times, characterized by high therapeutic efficacy and low 
cost, SCL shows great benefit in anticancer drug research and 
development and such has attracted increasing attention.

Recent pharmacologic studies have revealed that extracts 
from SCL, eluted with water, petroleum ether, ethyl acetate, 
acetone, ethanol, methanol and other solvents, possess clear 
antitumor effects in a wide-spectrum of malignancies (16,17). 
They have been confirmed to be strong inhibitors of tumor 
progression mainly due to unselected cytotoxic effects. 
Additionally, some of the extracts show higher efficiency in 
terms of cell death induction compared with commonly used 
chemotherapeutic agents. Although this promising evidence 
has greatly revealed its feasibility for clinical application, its 
material basis and the detailed pharmacological mechanism 
are still obscure. Particularly, limited to the isolation proce-
dures and the establishment of disease models, current studies 
for SCL are merely restricted to crude extracts with little 
disease specificity. The targeted efficacy identification and 
optimization are still lacking. More importantly, most of the 
known extracts from SCL unexpectedly exhibit multi-organ 
damaging effects, mainly represented by hematological and 
immunological toxicities, which adds another obstacle for its 
clinical application.

Under such circumstances, the systematic efficacy 
screening, verification and the detailed pharmacological 
analysis for SCL are needed and will be beneficial for the 
comprehensive understanding of SCL during clinical applica-
tion.

Based on the above analysis, our study was designed to 
screen and identify a novel extract from SCL with explicit 
material basis, high activity and low systemic toxicity. In addi-
tion, we also aimed to clarify its detailed molecular mechanism 
in hepatocarcinoma. Here, we report that, by screening dozens 
of Stellera chamaejasme extracts with a different polarity and 
optimizing the extraction process, a new fraction from SCL, 
named ESC, was identified with potent activities against the 
proliferation of multiple types of cancer cell lines, particularly 
SK-HEP-1 and HepG2 liver cancer cell lines. Inspired by this, 
we further confirmed the growth inhibitory capacity of ESC as 
well as its low systemic toxicity on hepatocarcinoma in vivo, 
and finally confirmed the cyclin-dependent mechanism in 
the regulation of cell cycle distribution. Taken together, our 
study experimentally identified a novel cell cycle blocker for 
hepatocarcinoma and provides more convincing evidence of 
Stellera chamaejasme L. as a valuable resource in the research 
and development of anticancer agents.

Materials and methods

Cell culture and reagents. The cancer cell lines A549, 
NCI-H157, NCI-H460, HepG2 and SK-HEP-1 were purchased 
from the American Type Culture Collection (ATCC; Manassas, 

VA, USA) and cultured in RPMI-1640 or Dulbecco's modified 
Eagle's medium (DMEM) containing 10% fetal bovine serum 
and 1% Pen/Strep. The H22 cell line was kindly donated by 
Dr Lanfang Li from the Institute of Chinese Materia Medica. 
RPMI-1640, DMEM and fetal bovine serum were purchased 
from Invitrogen (Carlsbad, CA, USA). ESC was extracted 
and prepared by the Dalian Institute of Chemical Physics, 
Chinese Academy of Sciences. An HPD-100 macroporous 
absorbent column was produced by Cangzhou Bon Absorber 
Technology Co., Ltd. Sulforhodamine B (SRB) was purchased 
from Sigma (USA). A cell cycle and apoptosis detection kit 
was purchased from CWBio (Beijing, China). Primary anti-
bodies against cyclin B1 and total-CDK1 were purchased from 
Boster (Wuhan, China); the phosphor-CDK1 (Tyr15) antibody 
was obtained from Cell Signaling Technology, Inc. (Danvers, 
MA, USA); β-actin antibody was purchased from Santa Cruz 
Biotechnology, Inc. (Santa Cruz, CA, USA).

SCL extraction and ESC preparation. Stellera chamae-
jasme L. (2 kg) was decocted thrice with ethanol at 70˚C 
(15 lx5 h, 7.5 lx3 h, 7.5 lx3 h). The liquids were merged and 
concentrated to extracts (230 g) on a rotary vacuum evaporator 
at 60˚C. The further purification of the extracts (222 g) was 
performed by means of HPD-100 macroporous absorbent 
column chromatography eluted with different concentrations 
of alcohol (40-100%). Furthermore, the fractions were concen-
trated on a rotary vacuum evaporator at 60˚C, dried to constant 
weight in vacuo and crushed into powder (ESC) before the 
experiments. The yield of the ESC was 32.4% (72 g).

Cell proliferation assay. The cell proliferation intensity was 
analyzed using the SRB assay. Cells were seeded onto 96-well 
plates (4,000 cells/well) and treated with ESC at different 
concentrations for 24, 48, 72 h. At the indicated time-points, 
the cells were fixed with 50% trichloroacetic acid (TCA) for 
1 h at 4˚C. Then the wells were washed with deionized water 
for 5 times. After drying, 100 µl SRB was added to each well 
and reacted for 10 min, the unbound SRB was washed out 
with 1% acetic acid and then dried completely. After being 
dissolved in 10 mmol/l unbuffered Tris-base, the OD490 values 
were detected and calculated to assess the cell proliferation 
level in response to drug treatment.

H22 xenograft model. H22 cells were passaged in the peritoneal 
cavity of ICR mouse. After 10 days, the mouse was sacrificed by 
cervical dislocation, the ascites was collected and diluted with 
cold sterile saline. The cell suspension was planted subcutane-
ously at the axillary fossa, 2x106 cells/mouse. On the next day, 
the mice were randomly divided into 4 groups (10 mice/group), 
and then received an intragastric administration of ESC (135.85, 
271.7, 543.4 mg/kg) and the control group was gastric transfused 
with an equivalent volume of distilled water for 10 days. The 
mice were weighed every day, and the volume of the tumors was 
measured every 2 days. On the 11th day of drug administration, 
the blood was collected and the mice were sacrificed. The tumors, 
spleens and thymus were dissected and weighed to calculate the 
tumor volume, spleen index and thymus index according to the 
following equations: Tumor volume = (length x width2)/2 (18). 
The spleen (thymus) index (mg/g) = spleen (thymus) weight/
body weight after tumor removal.
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The number of white blood cells was detected with an 
automatic blood cell analyzer (Siemens Ltd., Japan).

Histological analysis. All of the tumor tissue was paraffin-
fixed, and H&E staining was performed according to a 
standard protocol. The results were scored by a pathologist 
in a blinded manner. Tumors were classified using the WHO 
classification (19). Two standard morphological features of 
malignancy: cellular heteromorphism and apoptosis were 
assessed, each symbolized with -, +, ++ and +++.

Apoptosis analysis. HepG2 and SK-HEP-1 cells were plated 
onto a 6-well plate and exposed to ESC at concentrations of 
25, 50 and 100 µg/ml for 24 h. Then the apoptotic rate was 
detected using the Annexin V -FITC/PI apoptosis detec-
tion kit. The protocol was strictly designed according to the 
manufacturer's instructions. Briefly, the cells were harvested 
and washed with PBS for 3 times and then re-suspended with 
150 µl binding buffer containing 10 µl Annexin V-FITC and 
5 µl PI. After incubation for 20 min in the dark, the apoptotic 
rates were analyzed by flow cytometry (BD FACSCalibur).

Cell cycle analysis. HepG2and SK-HEP-1 cells were plated 
into a 6-well plate and treated with 25, 50 and 100 µg/ml ESC. 
After 24 h, the cells were washed with PBS and trypsinized. 
The cell suspension of each group was centrifuged for 5 min, at 
1,000 x g, and then the cells were fixed with 70% cold ethanol 
overnight. The fixative solution was discarded, and the cells 
were washed with PBS twice. Cells were re-suspended with 
500 µl PBS containing 50 µg/ml PI and 50 µg/ml RNase A, 
incubated at 37˚C for 30 min, and then the samples were 
analyzed with a flow cytometer. The detailed method was 
previously described (20).

Western blot analysis. SK-HEP-1 and HepG2 cells were seeded 
onto 6-well plates (1x105 cells/well) and treated with different 
concentrations of ESC (25, 50, 100 µg/ml). The cells were next 
harvested after 24 h and lysed with the appropriate volume 
of lysis buffer (including 20 mM Tris-HCl, pH, 7.4, 150 mM 
NaCl, 1 mM EDTA, 1 mM PMSF and 1% Triton X-100). Tumor 
tissues were collected from three randomly chosen mice 
in each group, and the tumor lysate samples were prepared 
followed the steps as previously described (21). The protein 
concentration for each lysate was determined using a BCA 
protein quantification kit (Pierce, USA). Then the denatured 
protein samples were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and the gels 
were electrically blotted onto NC membranes (Pall, USA). 
The membranes were blocked with 5% albumin from bovine 
serum (BSA) and then incubated with the primary antibodies 
at 4˚C for 8 h. After that, the membranes were incubated with 
the relevant secondary antibody conjugated with HRP. The 
target bands were visualized using chemiluminescence detec-
tion reagents (Thermo Fisher Scientific Inc., USA). β-actin 
was detected as the internal control for each experiment.

Statistical analysis. All the quantitative data shown in this 
manuscript are presented as arithmetic means ±  standard 
errors. Statistical analysis was performed with SPSS 17.0 and 
one-way analysis of variance (one-way ANOVA) was used to 

analyze the quantitation. P<0.05 indicates statistical signifi-
cance (*P<0.05, **P<0.01, ***P<0.001).

Results

Screening of the tumor-suppressive efficacy of ESC in different 
tumor cell lines. Based on the historical clinical record of SCL, 
lung and liver cancer have been proven to be the most sensitive 
disease models. Based on this, we firstly examined the inhibi-
tory effect of ESC on cell proliferation in lung cancer (A549, 
NCI-H157, NCI-H460) and liver cancer cell lines (HepG2, 
SK-HEP-1), respectively. During the efficacy screening, cells 
were treated with different concentrations of ESC for 24, 48 
and 72 h. At each time-point, the tumor proliferative intensity 
was quantified by the SRB incorporative assay, and the inhibi-
tory rates were calculated in the different groups. As expected, 
the results showed that ESC exerted clear but different levels 
of suppressive influence on all 5 types of cell lines in a time-
and dose-dependent manner (Fig. 1A-E).

Additionally, the inhibitory sensitivity toward different 
cancers was further analyzed through calculation of the IC50 
value. The minimum IC50 was 49.00 and 9.50 µg/ml in the 
SK-HEP-1 and HepG2 cells, respectively, which clearly 
suggested that ESC exhibited more powerful anti-proliferation 
activity in the liver cancer cell lines and hepatocarcinoma was 
determined to be the targeted cancer model for further study.

Safety assessment of ESC application in vivo. As mentioned 
previously, the multi-organ-involved toxic effect of SCL was 
the widely existed and severely restrictive factor for SCL 
application. To exclude this in vivo, we conducted a safety test 
on the liver cancer xenograft mice, which was confirmed to be 
the most sensitive model for ESC.

According to the results, 135.85, 271.7 and 543.4 mg/kg 
(equivalent to 1/10, 1/5, 1/2.5 of the LD50 value, respectively) 
were chosen as a low, medium and high dose for ESC oral 
application. The tumor-bearing mice were randomly grouped, 
regularly treated and weighed. The most susceptible tissues, 
including peripheral blood, thymus gland and spleen, were 
collected after 10 days of drug administration and prepared 
for further detailed analysis.

The results showed that intragastric administra-
tion of a low and medium dose of ESC had little impact 
on body weight  (Fig.  2A), and the spleen and thymus 
indices  (Fig. 2B and C). Moreover, whole blood analysis 
revealed that the quantity of leukocytes was also maintained 
at a similar level when compared with the negative control 
mice (Fig. 2D). It is notable that, although the leukocyte count 
in the high dose group decreased to 5.05±1.66x103/mm3, its 
value was maintained within the physiological level, which is 
4.0-12.0x103/mm3. The spleen and thymus indices were not 
obviously affected by ESC treatment. Collectively, our test 
clearly indicated that, different from the known extracts from 
SCL, ESC exhibited minimal hematotoxicity and had little 
influence on the immune system following oral application, 
which fully guaranteed the application safety and met the 
requirement for further study.

Identification of the tumor inhibitory effect of ESC in vivo. 
Based on the above results, we further aimed to ascertain 
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whether the anti-proliferative effects of ESC in vitro function-
ally contribute to the suppression of tumor burden in vivo.

To accomplish this, an H22 hepatocarcinoma model was 
established and tumor morphological observation, volume 
calculation and pathological analysis were performed. Firstly, 
through general observation, tumors in the negative control 
group were formed by the red and crisp tissues and charac-
terized by their incomplete pseudomembrane and bleeding 
tendency. Importantly, at the margin of the tumors, part of the 
cancer cells invaded into the surrounding tissue, which is the 
morphological marker for an aggressive growth pattern and 
high malignancy.

In contrast, the drug-exposed tumors were character-
ized by a rounded shape with a low perfusion level and firm 
texture (Fig. 3A). In line with this observation, the average 
tumor weight and volume in the ESC-treated groups were 
obviously and dose dependently decreased in response to ESC 
treatment (Fig. 3B and C). Moreover, the tumor growth curve 

clearly showed that ESC exerted a tumor growth suppressive 
effect since the 4th day after modeling in a dose-dependent 
manner (Fig. 3D), which further statistically confirms that 
ESC can efficiently and negatively regulate primary hepato-
carcinoma growth.

Accordingly, the pathological analysis further supported 
our results. As noted from the microscopic observation and 
pathological scoring, in the negative control mice, 80% of 
tumors showed high heteromorphism (Table I). In addition, 
cell death was detected at a low level  (Table  II). By H&E 
staining, the surrounding muscles and connective tissue were 
extensively and widely infiltrated by tumor cells. In contrast 
from the above results, the cell heteromorphism was gradually 
alleviated along with the elevated level of cell death following 
ESC treatment (Fig. 3E and Tables I and II). Taken together, 
our results clearly revealed the potent activity of ESC on the 
regulation of malignant growth behavior, which finally resulted 
in the inhibition of proliferation of hepatocarcinoma in vivo.

Figure 1. Anti-proliferative effect of ESC on different cancer cell lines. ESC inhibited cell growth in a dose- and time-dependent manner. In (A) A549, 
(B) NCI-H157 and (C) NCI-H460 cells, ESC exhibited a moderate anti-proliferative effect, whereas in (D) SK-HEP-1 and (E) HepG2 cell lines, ESC markedly 
inhibited cell growth in an explicit dose- and time-dependent manner. (F) IC50 value for each cell line after 72 h of ESC treatment. The IC50 values for the 
liver cancer cell lines, SK-HEP-1 and HepG2, were obviously lower than these values in the lung cancer cell lines. Results are represented and quantified as 
mean ± standard error of triplicate findings.
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ESC induces G2/M arrest in hepatocarcinoma cells. Indicated 
by the above evidence, we next investigated the underlying 
mechanism of ESC in the regulation of tumor cell growth and 
proliferation.

In the present study, we firstly noted that, with the same 
initial cell density, the cultural confluency was significantly 

and time-dependently lower in the ESC groups than that in 
the negative control group (Fig. 4A). Initially, we speculated 
this phenomenon was closely associated with apoptosis induc-
tion. However, the results of Annexin V-FITC/PI staining 
explicitly showed that the percentage of apoptotic cells was 
maintained at the approximate level in each group in both cell 
lines (Fig. 4B and C), which excluded an apoptosis-inducing 
effect of ESC. Therefore, we naturally hypothesized that ESC 
treatment may lead to cell cycle arrest.

In order to clarify this, flow cytometry assay was carried 
out to detect changes in the cell cycle distribution of the 
SK-HEP-1 and HepG2 cells.

As expected, in the HepG2 and SK-HEP-1 negative 
control groups, the percentages of cells in the G2/M phase 
were 7.86 and 13.95%, respectively. In contrast, ESC treat-
ment induced a 3- to 6-fold increase in G2/M-phase cells; the 
percentages at most reached 25.42% in the HepG2 and 75.90% 
in the SK-HEP-1 cells (Fig. 4D and E). In addition, these data 
further revealed the typical dose-dependent characteristic of 
ESC in the regulation of cell cycle distribution in hepatocar-
cinoma cells. This result clearly proved our hypothesis and 
identified that ESC functions as a potent cell cycle regulator 
which results in arrest of proliferation and tumor growth inhi-
bition in vivo.

Regulatory effects of ESC on cell cycle-associated molecules. 
Based on the above results, we further analyzed the influ-
ence of ESC on cell cycle regulation at the molecular level. 
It is widely accepted that mitosis is strictly controlled by a 
molecular complex at different checkpoints consisting of 
phase-specific cyclins and cyclin-dependent kinases (CDKs). 

Figure 2. Evaluation of the systemic toxicity of ESC in vivo. (A) The body weight of H22 tumor-bearing mice. Following administration of ESC, the spleen 
index (B) and thymus index (C) were recorded and calculated according to the formula provided in the ‘Material and methods’ section. The blood was collected 
from each group to analyze the quantity of leukocytes (D). The results showed that, although high-dose ESC had a slight impact on body weight and the amount 
of leukocytes (*P<0.05), the above indices were within a physiological range. Low-dose and medium-dose ESC did not affect all of the observed indices. Data 
are represented as means ± standard error, p-value was determined by one-way ANOVA analysis.

Table I. Tumor cell heteromophism in each group.

	 Heteromorphism
	 No. of	 ---------------------------------------
Group	 animals	 -	 +	 ++	 +++	 P-value

N.C	 10	 0	 0	 2	 8
ESC - low dose	 9	 0	 0	 6	 3	 >0.05
ESC - medium dose	 10	 0	 0	 7	 3	 <0.05
ESC - high dose	 8	 0	 0	 7	 1	 <0.01

Table II. The apoptosis of tumor cells in each group.

	 Apoptosis
	 No. of	 -------------------------
Group	 animals	 -	 +	 ++	 P-value

N.C	 10	 9	 1	 0
ESC - low dose	 9	 6	 3	 0	 >0.05
ESC - medium dose	 10	 4	 4	 0	 <0.10
ESC - high dose	 8	 3	 5	 0	 <0.05
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Sequential activation of such a complex is necessary for moti-
vating the cell cycle physiologically. In contrast, any prolonged 
or excessive signals will lead to uncontrolled mitosis and 
pathological cell cycle progression, which functionally causes 
the malignant proliferation in transformed cells. Led by 
this theory, we detected the expression levels of CDK1 and 
cyclin B1, the essential regulatory components specifically for 
the G2/M phase.

By immune blot analysis, the results clearly revealed 
that ESC treatment at 25, 50, 100 µg/ml dose-dependently 
decreased the expression level of cyclin B1. Accordingly, 
the phosphorylation level of CDK1 at the site of Tyr15 was 
significantly upregulated in both the SK-HEP-1 and HepG2 
cells (Fig. 5A and B).

To further determine whether ESC exhibits the same func-
tion in vivo, samples from the xenograft model described in 

Fig. 3 were used, and the key cell cycle regulators were detected. 
Consistent with the results in vitro, ESC dose-dependently 
induced a decrease in cyclin B1 and upregulated the phosphor-
ylation of CDK1Tyr15 in the mixed tumor lysate (Fig. 5C) or in 
single tumor samples (Fig. 5D). Thus, we concluded that ESC 
played an important role in cell cycle arrest by suppressing the 
monitor protein in the G2/M phase.

Discussion

During this century, with advancements in technology and 
scientific research, improvements have been achieved in the 
area of cancer therapy, and various types of effective drugs 
have been discovered. However, to date, the incidence and 
mortality rate of liver cancer remain at a high level. Even 
though locoregional therapies such as hepatic artery ligation 

Figure 3. The H22 tumor inhibitory effect of ESC in vivo. (A) The image of H22 tumor samples resected from mice in each group. The volume of the tumors 
was decreased in a dose-dependent manner. (B) Tumor weight analysis. The tumor weight was markedly decreased in each drug-treated group. (C) The tumor 
volume index in each group. The results were calculated according to the formula described in the ‘Material and methods’ section. The tumor volume was 
decreased along with an increase in the ESC dose. (D) The tumor growth curve of each group in the H22 xenograft model. The diagrams represent the increase 
in tumor volume. The line chart illustrates that the tumor mass was clearly detected on the 4th day in each group, and tumors in the ESC-treated groups grew at 
a lower rate compared with the control group. (E) The histological analysis of tumor samples collected from ESC-treated or non-treated mice. Based on H&E 
staining, the morphological features of malignancy were observed. The detailed histological scores can be found in Tables I and II (samples were collected 
from 8-10 mice in the different groups, x200 magnification). Compared with the control group, *P<0.05 was defined to have statistical significance. Data are 
represented as means ± standard error, p-value was determined by one-way ANOVA analysis. *P<0.05, **P<0.01, ***P<0.001.
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Figure 4. ESC arrests the cell cycle in the G2/M phase. (A) The morphological changes in ESC-treated SK-HEP-1 cells. After treating the cells with 25 µg/
ml ESC for 4, 12 and 24 h, the light-microscopic images (x100) were collected. Results showed the dual influence of ESC on cell morphology and growth 
intensity. (B and C) Cell apoptosis detection in the SK-HEP-1 (B) and HepG2 (C) cells. Annexin V-FITC/PI staining demonstrated that ESC at the indicated 
doses had little impact on the induction of apoptosis in both cell lines after a 24-h treatment. (D and E) Cell cycle analysis by PI staining in the SK-HEP-1 (D) 
and HepG2 (E) cells. The results clearly showed that treatment with ESC effectively increased the ratio of cells in the G2/M phase in a dose-dependent manner. 
All the quantitative data were collected from at least three repeated experiments. Compared with the control group, *P<0.05 was defined to have statistical 
significance. Data are represented as means ± standard error (B and C), p-value was determined by one-way ANOVA analysis. *P<0.05, **P<0.01, ***P<0.001.
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or embolization have been developed in the past decades, they 
have failed to significantly prolong the overall survival of liver 
cancer patients (22-24). Despite decades of efforts made by 
researchers worldwide, the investigation of anti-liver cancer 
drugs is stagnant (25-28). Conventionally, the commonly used 
drugs for liver cancer chemotherapy are 5-fluorouracil, mito-
mycin C, cisplatin, doxorubicin and their derivatives. In recent 
years, etoposide (VP-16) and paclitaxel have also been used in 
the clinic, but the efficacy has not obviously improved (29,30).

Unfortunately, chemoresistance accompanies the exten-
sive and long-term use of chemotherapeutic drugs in clinical 
liver cancer treatment  (29). Moreover, the commonly used 
chemical agents usually have unexpected side-effects, such 
as hair loss, nausea, vomiting, and diarrhea (31). Additionally, 
after resection or transarterial chemoembolization, the 
impaired physiological function of the liver and gallbladder 
leads to further severe side-effects and systemic toxicity (32). 
Therefore, the lack of effective chemotherapy for liver cancer 
contributes to the death of patients as early as one year after 
diagnosis (33). It is imperative to search for novel and effective 
anti-hepatocarcinoma drugs. Thus, natural extracts and their 
derivatives are valuable sources for drug discovery.

SCL is a wide-spread and historical-recorded plant, which 
has been used to cure cancer for over a thousand years. In 
previous studies of SCL, the extraction processes were imma-
ture and the efficiency was unstable. In addition, the unselective 
toxicity was another inevitable obstacle in SCL application. In 
our study, we established a novel extraction platform and made 
a reasonable optimization on SCL extraction. Through high 

throughput screening, we found a new extract, ESC, which 
exerted a specific inhibitory effect against liver cancer both 
in vitro and in vivo. Importantly, the antitumor activity showed 
little toxicity for immune and hematological systems in vivo. 
Thus, ESC has the potential to become an ideal candidate for 
clinical liver cancer treatment.

Based on a previous study, sustaining proliferative 
signaling, evading growth factors and enabling replicative 
immortality are widely regarded as the most important biolog-
ical capabilities required in tumor progression (34). Whereas, 
the oncogenic cell cycle regulation is the foundation of all 
these three hallmarks. Therefore, therapeutics targeting 
the cell cycle are reliable strategies for cancer treatment. 
Inspired by this, in addition to identification of efficacy, we 
also carried out a preliminary but indicative exploration on 
the mechanism of ESC against liver cancer. In this study, we 
found that ESC induced cell cycle arrest at the G2/M phase in 
both HepG2 and SK-HEP-1 liver cancer cell lines. It is widely 
accepted that the cell cycle is governed by a series of check-
point molecular complexes consisting of cyclins and CDKs. 
The sequential paired combination and separation between 
specific cyclin and CDK is the foundation of a normal cell 
cycle. Controlled by cyclin B-CDK1 complex activation, the 
G2/M checkpoint prevents DNA-damaged cells from entering 
mitosis and allowing DNA repair (35). During this process, the 
cyclin B-CDK1 complex activation is dependent on expression 
of cyclin B1 and dephosphorylation of CDK1Tyr15. By analyzing 
the expression level of cyclin B1 and the phosphorylation level 
of CDK1Tyr15, we found that the activity of the cyclin B1-CDK1 

Figure 5. Effect of ESC on key proteins in the G2/M phase of the cell cycle. (A and B) Detection of the expression of cyclin B1, CDK1 and the phosphorylation 
of CDK1Tyr15 in the SK-HEP-1 (A) and HepG2 (B) cells. ESC downregulated cyclin B1 expression in a dose-dependent manner. With basically the same expres-
sion level of t-CDK, the phosphorylation level of CDK1Tyr15 was upregulated significantly in both cell lines. To further prove this result, we detected the same 
molecules in mixed tumor lysate collected from three randomly chosen mice (C) and in individual tumor samples (D). As shown in the diagram, the expression 
of the detected molecules in vivo exhibited similar trends as those in vitro. The low, medium and high dose of ESC corresponds to 135.85, 271.7 and 543.4 mg/
kg, respectively. ESC induced G2/M arrest by regulating the cyclin B1-CDK1 complex. All the results were obtained from at least three independent repeats.
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complex was downregulated in a dose-dependent manner by 
ESC.

In conclusion, ESC exhibited a potent effect against liver 
cancer under a relatively safe condition via arresting tumor 
cells in the G2/M phase. Thus, ESC is a promising chemo-
therapeutic candidate to treat liver cancer. This may provide 
patients, who are not qualified for surgery, with another 
option and offer a novel comprehensive therapeutic strategy 
combining liver surgical resection and hepatic artery ligation.

Encouraged by the results mentioned previously, further 
experiments will be conducted to clarify the detailed and 
precise mechanism in ESC-induced cell cycle arrest. The puri-
fied chemical compound isolated from ESC would certainly 
be another aim of future study.
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