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Abstract. Signal transducer and activator of transcription 3 
(STAT3) plays a critical role in cell survival and proliferation 
and is constitutively activated in many types of human cancers 
including hepatocellular carcinoma (HCC). Therefore, it is a 
major focus in the development of anticancer agents. Rubus 
aleaefolius Poir. has been demonstrated to be effective in the 
treatment of HCC. However, the precise mechanism of its 
anticancer activity remains largely unknown. Using HepG2 
cells and a HCC mouse xenograft model, in the present study 
we evaluated the effect of the total alkaloids of Rubus aleae-
folius Poir. (TARAP) on tumor growth in vitro and in vivo and 
investigated the underlying molecular mechanisms. We found 
that TARAP inhibited the proliferation of HepG2 human 
HCC cells and blocked G1/S cell cycle progression. In addi-
tion, TARAP treatment suppressed STAT3 phosphorylation in 
tumor tissues. Consequently, the inhibitory effect of TARAP 
on STAT3 activation resulted in the inhibition of proliferation. 
Moreover, TARAP altered the expression of several impor-
tant target genes of the STAT3 signaling pathway, such as 
decreased expression of cyclinD1, cyclinE, cyclin-dependent 
kinase (CDK) 4 and CDK2 as well as upregulated p21. These 
results suggest that suppression of the STAT3 signaling 
pathway leading to inhibition of proliferation and cell cycle 
arrest may be one of the mechanisms of the anticancer activity 
of TARAP against HCC.

Introduction

Hepatocellular carcinoma (HCC), the most common primary 
hepatic malignancy, is the third leading cause of cancer-related 
deaths worldwide (1). In recent years, the incidence of HCC 
has been rising in developing countries and in most developed 
countries  (2,3). Although some significant advances have 
been achieved in HCC treatments, poor prognoses and high 
recurrence risks have been a major challenge to researchers. 
Currently, surgical resection is the main treatment option for 
HCC patients; however, the complexities arising from surgery 
can reduce the therapeutic effect and the survival rate of 
patients (4,5). Accordingly, it is urgent to find more effective 
and alternative therapeutic strategies which may benefit HCC 
patients.

Signal transducer and activator of transcription 3 (STAT3) 
is an important transcription factor that plays an essential 
role in relaying extracellular signals initiated by cytokines 
and growth factors from the cytoplasm to the nucleus (6‑9). 
Following activation, phosphorylated STATs dimerize and 
translocate to the nucleus where they regulate the expression 
of numerous critical genes involved in cell cycle progression, 
proliferation and survival (10,11). The constitutive activation of 
STAT3 is frequently detected in primary human cancer cells 
including HCC cells (12). These reports indicate that consti-
tutive activation of STAT3 is one of the important pathways 
which contributes to the oncogenesis of HCC and can serve as 
an attractive therapeutic target for HCC.

Natural products have received recent interest as thera-
peutic agents for HCC due to their relatively few side effects 
and have long been used as alternative remedies for a variety 
of diseases including cancer (13,14). Rubus aleaefolius Poir. 
is a major genus of the rose family, Rosaceae, generally used 
as a folk medicine to treat various types of hepatic disease 
including HCC. Our previous studies demonstrated that total 
alkaloids of Rubus aleaefolius Poir. (TARAP) inhibited HCC 
growth in vivo and in vitro via activation of mitochondrial-
dependent apoptosis (15). However, the precise mechanism 
of its anticancer activity remains largely unclear. To further 
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elucidate its antitumor mechanism of action, in the present 
study we evaluated the efficacy of TARAP against tumor 
growth in vitro and in vivo and investigated the underlying 
molecular mechanisms.

Materials and methods

Materials and reagents. Dulbecco's modified Eagle's medium 
(DMEM), fetal bovine serum (FBS), penicillin-streptomycin, 
Trypsin-EDTA and TRIzol reagent were purchased from 
Invitrogen (Carlsbad, CA, USA). SuperScript II reverse tran-
scriptase was obtained from Promega (Madison, WI, USA). 
Antibodies for PCNA, cyclin-dependent kinase  (CDK)  2, 
cyclinE, CDK4, cyclinD1 and p21 were obtained from Santa 
Cruz Biotechnology, Inc. (Santa Cruz, CA, USA), and the cell 
cycle detection kit was obtained from Becton-Dickinson (San 
Jose, CA, USA). All other chemicals, unless otherwise stated, 
were obtained from Sigma (St. Louis, MO, USA). The roots 
of Rubus alceifolius Poir. were collected from Anxi of Fujian 
Province, identified and authenticated by experts in Fujian 
University of Tradional Chinese Medicine.

Preparation and content of TARAP. The preparation of 
TARAP was performed as previously described  (15). The 
roots of Rubus alceifolius Poir. were collected from Anxi of 
Fujian Province, identified and authenticated by experts in our 
University, and the alkaloids were extracted.

Cell culture. Human HCC HepG2 cells were obtained from 
the American Type Culture Collection (ATCC; Manassas, VA, 
USA). The cells were grown in DMEM containing 10% (v/v) 
FBS, and 100 U/ml penicillin and 100 µg/ml streptomycin 
in a 37˚C humidified incubator with 5% CO2. The cells were 
subcultured at 80‑90% confluency.

Colony formation. HepG2 cells were seeded into 6‑well plates 
at a density of 1x105 cells/well in 2 ml medium. After treat-
ment with various concentrations of TARAP for 24 h, the cells 
were collected and then reseeded into 6‑well plates at a density 
of 1x103 cells/well. Following incubation for 8 days in a 37˚C 
humidified incubator with 5% CO2, the formed colonies were 
fixed with 10% formaldehyde, stained with 0.01% crystal violet 
and counted. Cell survival was calculated by normalizing the 
survival of the control cells as 100%.

Cell cycle analysis. The cell cycle analysis was carried out 
by flow cytometry using fluorescence activated cell sorting 
(FACSCalibur; Becton-Dickinson) and propidium iodide (PI) 
staining. Subsequent to treatment with various concentrations 
of TARAP for 24 h, HepG2 cells were collected and adjusted 
to a concentration of 1x106 cells/ml, and fixed in 70% ethanol 
at 4˚C overnight. The fixed cells were washed twice with cold 
PBS, and then incubated for 30 min with RNase (8 µg/ml) and 
PI (10 µg/ml). The fluorescent signal was detected through the 
FL2 channel, and the proportion of DNA in different phases 
was analyzed using ModfitLT v3.0 (Verity Software House, 
Topsham, MA, USA).

In vivo tumor xenograft study. HepG2 cells were grown in 
culture and then detached by trypsinization, washed and resus-

pended in serum-free DMEM. Six-week-old athymic BALB/c 
nu/nu male mice received an s.c. injection of 4x106 HepG2 
cells mixed with Matrigel (1:1) in the right flank to initiate 
tumor growth. After 7 days of xenograft implantation when 
the tumor size reached 3 mm in diameter, mice were randomly 
divided into two groups and gavaged with the following: 
i)  control group (n=10), physiological saline (PS); and 
ii) TARAP group (n=10), 3 g/kg/day dose of TARAP in PS. 
All treatments were administered 5 days weekly for 21 days. 
At the end of the experiment, tumors were excised, and part of 
the tumor was fixed in buffered formalin and the remaining 
was stored at -80˚C for molecular analyses.

Immunohistochemical analysis. Tumor samples were fixed 
with 10% formaldehyde for 12 h and subsequently processed 
conventionally for paraffin-embedded tumor slides. The 
slides were subjected to antigen retrieval and the endogenous 
peroxidase activity was blocked with 3% hydrogen peroxide 
for 10 min. The sections were incubated with 1% bovine serum 
albumin in order to decrease non-specific staining and reduce 
endogenous peroxidase activity. For immunohistochemical 
staining, the sections were incubated with antibodies against 
phosphorylated STAT3 (pSTAT3), PCNA, CDK2, cyclinE, 
cyclinD1, CDK4 or p21 (all in 1:200 dilution; Santa Cruz 
Biotechnology, Inc.). After washing with PBS, slides were 
incubated with biotinylated secondary antibody followed 
by conjugated horseradish peroxidase (HRP)-labeled strep-
tavidin (Dako) and then washed with PBS. The slides were 
then incubated with diaminobenzidine (DAB, Sigma) as the 
chromogen, followed by counterstaining with diluted Harris' 
hematoxylin (Sigma). After staining, five high‑power fields 
(x400) were randomly selected in each slide, and the average 
proportion of positive cells in each field were counted using 
the true color multi-functional cell image analysis manage-
ment system (Image-Pro Plus, Media Cybernetics, USA). To 
rule out any non-specific staining, PBS was used to replace the 
primary antibody as a negative control.

RNA extraction and RT-PCR analysis. The expression levels of 
CDK2, CDK4, cyclinD1, cyclinE and p21 genes were detected 
by RT-PCR. Total RNA was isolated with TRIzol reagent. 
Oligo(dT)-primed RNA (1 µg) was reverse-transcribed with 
SuperScript II reverse transcriptase according to the manufac-
turer's instructions. The obtained cDNA was used to determine 
the mRNA amount of CDK2, CDK4, cyclinD1, cyclinE and 
p21 by PCR. GAPDH was used as an internal control.

Statistical analysis. All data are the means of three determi-
nations, and data were analyzed using the SPSS Package for 
Windows (v11.5). Statistical analysis of the data was performed 
with the Student's t‑test and ANOVA. Differences with P<0.05 
were considered to indicate a statistically significant result.

Results

TARAP inhibits the proliferation of HepG2 cells. A colony 
formation assay was used to assess the proliferation of 
HepG2 cells. As shown in Fig. 1A and B, TARAP treatment 
dose‑dependently reduced the cell survival rate by 27‑61% as 
compared to the untreated control cells (P<0.01).
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TARAP blocks the G1/S progression of HepG2 cells. The 
effect of TARAP on the G1 to S progression in HepG2 cells 
was examined via PI staining followed by FACS analysis. 
As shown in Fig. 2, the percentage of cells in the G1 phase 
following treatment with 0, 0.25, 0.5, 0.75 and 1.0 mg/ml of 
TARAP was 38.17±4.69, 53.53±7.51, 61.03±7.56, 71.99±8.91 
and 74.29±10.57%, respectively (P<0.01), indicating that 
TARAP inhibits HepG2 proliferation by arresting the cell 
cycle in the G1 phase.

TARAP suppresses STAT3 phosphorylation and cancer cell 
proliferatiom in HCC xenograft tumors in mice. STAT3 plays 
an important role in cell survival and proliferation. pSTAT3 
leads to promotion of cell proliferation. We therefore examined 
the effect of TARAP on STAT3 phosphorylation in tumor 
tissues using IHC assay. As shown in Fig. 3, the percentage 
of pSTAT3-positive cells in the control and TARAP-treated 
xenograft tumors was 45.17±7.72 and 21.67±3.01%, respectively 
(P<0.01), suggesting that TARAP treatment significantly 

Figure 2. Effect of total alkaloids of Rubus aleaefolius Poir. (TARAP) on the cell cycle progression in HepG2 cells. (A) Cells were treated with the indicated 
concentrations of TARAP for 24 h, stained with propidium iodide and analyzed by FACS. The proportion of DNA in the different phase was calculated using 
ModfitLT v3.0 software. (B) Data shown are averages with SD (error bars) from three independent experiments. *P<0.05 vs. control cells.

Figure 1. Effect of total alkaloids of Rubus aleaefolius Poir. (TARAP) on HepG2 cell survival. (A) Cells were treated with the indicated concentrations of 
TARAP for 24 h. Cell survival was determined by colony formation analysis. Images are representative of three independent experiments. (B) Quantification 
of colony formation analysis. The data were normalized to the survival of the control cells and are shown as averages with SD (error bars) from at least three 
independent experiments. *P<0.05 vs. control cells.
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suppresses the activation of STAT3 in HCC mice. To determine 
whether the inhibitory effect of TARAP on cancer growth 
is due to cell proliferation, we examined the expression of 
PCNA. As shown in Fig. 3, the percentage of PCNA-positive 
cells in control or TARAP‑treated mice was 67.83±17.61 and 
20.83±5.42%, respectively. Taken together, these data suggest 
that TARAP inhibits the proliferation of HCC cells via suppres-
sion of pSTAT3.

TARAP regulates the expression of CDK2, CDK4, cyclinD1, 
cyclinE, p21 in HCC xenograft tumors in mice. To explore 
the mechanism of the antiproliferative activity of TARAP, we 
performed RT‑PCR and IHC assay to respectively examine 
the mRNA and protein expression of CDK2, CDK4, cyclinD1, 
cyclinE and p21 in HCC tumors in mice. Results of the RT-PCR 
showed that TARAP treatment reduced the mRNA expression 
of CDK2, CDK4, cyclinD1, cyclinE, in tumors, whereas p21 
was increased (Fig. 4A). Data from IHC assay indicated that 
the protein expression patterns of CDK2, CDK4, cyclinD1, 
cyclinE and p21 were similar to their respective mRNA 
levels. The percentage of CDK2-, CDK4-, cyclinD1-, cyclinE- 
and p21-positive cells in the control group was 28.67±4.88, 
58.33±10.03, 37.67±5.39, 46.17±6.56 or 32.67±4.81%, whereas 
that in TARAP-treated mice was 17.67±2.53, 24.33±3.48, 
18.67±3.23, 25.33±3.59 and 89.5±12.44% (Fig. 4B).

Discussion

Although curative therapies such as surgical resection, liver 
transplantation and ablative therapies have led to improvement 
in the survival of patients with HCC (2,3), unfortunately, most 
patients are still diagnosed at advanced stages and receive only 
palliative treatments (16,17). In addition, many currently used 
anticancer agents possessing intrinsic cytotoxicity to normal 
cells limit the effectiveness of current cancer therapies. Natural 
products have relatively fewer side effects and have been used 
clinically for thousands of years to treat various types of 
diseases, including cancer (13,14). As a natural product, Rubus 

aleaefolius Poir. has exhibited strong activity against liver 
disease including liver cancer. However, the precise mecha-
nism of its anticancer activity remains largely unclear.

Cancer cells are characterized by uncontrolled prolif-
eration (18). Therefore, inhibiting excessive proliferation of 
tumor cells is one of the key approaches for the development 
of anticancer drugs. Here, using colony formation assay, we 
demonstrated that TARAP inhibited the proliferation of 
human HCC HepG2 cells in a dose-dependent manner. The 
transcription factor STAT3 is essential for cell survival and 
proliferation. Constitutive activation of STAT3 is one of the 
important pathways which contributes to the oncogenesis 
in HCC (12). Our data showed that TARAP suppressed the 
activation of STAT3. Eukaryotic cell proliferation is primarily 
regulated by the cell cycle. Cell cycle progression is tightly 
regulated by cyclins, CDKs, CDK inhibitors (CKIs) and many 
other factors. Cyclins associated with CDKs are the primary 
regulators of CDK activity. The activation of CDK4 plays 
an important role in the passage through the G1 restriction 
point when the cell becomes committed to proceed through 
the cell cycle, while CDK2 activation plays an essential role 
in the transition into S‑phase and DNA synthesis. CyclinD1 
expression, which is induced during G1 phase in response 
to mitogens, complexes with and activates CDK4. CDK2 is 
regulated primarily by cyclinE during G1/S transition and S 
phase, respectively (19,20). The KIP protein p21 is generally 
believed to act as a negative regulator of cell cycle progression. 
As a proliferation inhibitor, p21 protein plays an important 
role in G1 arrest by binding to and inhibiting the activity of 
cyclin‑CDK complexes; in contrast, when bound to PCNA, 
p21 is degraded more slowly compared with p21 binding to 
cyclin/CDK, which increases the rate of p21 degradation (21). 
Using a HCC mouse xenograft model, in the present study we 
found that TARAP decreased the phosphorylation activation 
of STAT3, Consequently, the inhibitory effect of TARAP on 
STAT3 activation resulted in the suppression of cell prolif-
eration and cell cycle arrest. Moreover, TARAP treatment 
profoundly reduced the expression of PCNA, cyclinE, CDK2, 

Figure 3. Effect of total alkaloids of Rubus aleaefolius Poir. (TARAP) on phosphorylation of STAT3 (pSTAT3) in hepatocellular carcinoma (HCC) xenograft 
tumors in mice and cell proliferation. (A) At the end of the experiment, tumor tissues from control and TARAP-treated group were processed for immunohis-
tochemical (IHC) staining for pSTAT3 or PCNA. Representative images were captured at a magnification x400. (B) Quantification of IHC assay is presented 
as the percentage of positively stained cells. Data shown are averages with SD (error bars) from 10 mice in each group. *P<0.01 vs. controls.
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Figure 4. Effect of total alkaloids of Rubus aleaefolius Poir. (TARAP) on the expression of cyclin-dependent kinase (CDK) 4, cyclinD1, CDK2, cyclinE and 
p21 in HCC xenograft tumors in mice. (A) The mRNA expression of CDK4, cyclinD1, CDK2, cyclinE and p21 in tumor tissues from the control and TARAP-
treated groups was determined by RT-PCR. GAPDH was used as an internal control. (B) The protein expression was analyzed via immunohistochemical (IHC) 
assay. Representative images were captured at a magnification of x400. Quantification of IHC assay is presented as the percentage of positively stained cells. 
Data shown are averages with SD (error bars) from 10 mice in each group. *P<0.01 vs. controls.
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cyclinD1 and CDK4, as well as increased expression of antip-
roliferative p21.

In conclusion, for the first time we demonstrated that 
TARAP inhibits growth in vivo and in vitro via inhibition of 
proliferation and cell cycle arrest, which is mediated by the 
suppression of the STAT3 pathway. Our findings suggest that 
TARAP may be a potential novel therapeutic agent for the 
treatment of cancers with constitutive activation of STAT3.
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