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ABSTRACT
The use of vincristine, a known antitumor agent, in hepatoma therapy is limited particularly because of its toxic effect. Meanwhile, berberine has
drawn increasing attention to its antineoplastic effect in recent years. In view of the advantages of combinational drug treatment reported in anti‐
cancer chemotherapy, we evaluated the effects of co‐treatment of vincristine and berberine on hepatic carcinomacell lines in this study.Wefind that
combinational usage of these two drugs can significantly induce cell growth inhibition and apoptosis even under a concentration of vincristine
barely showing cytotoxicity in the same cells when used alone. The underlying mechanism about this combinational effect was addressed in this
study by monitoring the signals related to mitochondrial function, apoptotic pathway and endoplasmic reticulum stress. Our results suggest a new
value of berberine as a potential adjuvant agent in cancer chemotherapy and provide a hopeful approach for developing hepatoma therapy by
utilizing the combinational effect of vincristine and berberine. J. Cell. Biochem. 115: 721–730, 2014. � 2013 Wiley Periodicals, Inc.
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Global cancer statistics in 2011 indicates that hepatocellular
carcinoma (HCC) is the fifth most frequently diagnosed

cancer around the world [Jemal et al., 2011]. However, it is still
lack of well established anticancer chemotherapeutic approach
against HCC.

Vincristine is a broadly used chemotherapeutic drug for various
malignant tumors [Jordan, 2002; Silverman et al., 2013]. It kills cells
by disrupting microtubule polymerization and therefore blocking cell
division [Mollinedo and Gajate, 2003]. Because it also damages non‐
neoplastic cells, the toxic side effects of vincristine are obvious in
clinic [Skobel and Kammermeier, 1997; Marinina et al., 2000;
Dhingra et al., 2013; Smith et al., 2013]. Actually, vincristine does not
used alone but commonly administered in combination with other
agents for tumor treatment in clinic [Song et al., 2010; Kim et al.,
2013; Venkatramani et al., 2013].

Despite of other pharmacological and biological activities, the
anticancer effect of berberine, an isoquinoline plant alkaloid isolated
from Coptidis rhizome, has attracted many attentions [Amin et al.,
1969; Ghosh et al., 1985; Averbuch et al., 1988; Huang, 1992; Galle
et al., 1994; Chinese Herbals Editor Board tSABoCMoC, 1999;
Upadhyay and Yadav, 1999; Ji et al., 2000; El‐Serag, 2002a,b;
Grycová et al., 2007; Yuen et al., 2009; Singh and Kakkar, 2009; Wu
et al., 2010; Tan et al., 2011]. Recent research focused on berberine0s
anti‐tumor effect has shown that berberine can induce growth
inhibition or apoptosis in broad tumor cell types derived from
leukocytes, liver, lung, gastrointestinal tract, oral, skin, brain, bone,
bladder, breast, cervix, and prostate [Mantena et al., 2006; Hsu et al.,
2007; Choi et al., 2008; Meeran et al., 2008; Patil et al., 2010]. Animal
studies also showed that berberine can suppress chemical‐induced
carcinogenesis tumor invasion and the growth of HCC xenograft.
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Therefore, berberine is elementarily recognized as an anticancer
herbal medicine.

Recent years, researchers and tumor therapeutists have taken an
increasing interest in the combination therapy by associating
anticancer herbal medicine with chemotherapeutic agent, and gained
notable successes [Tyagi et al., 2002; Notarbartolo et al., 2005; Zhao
et al., 2010]. In these studies, the doses of chemo‐drugs efficient for
killing cells were apparently cut down and the toxic effects of these
drugs were reduced when combinational treatment applied.

Considering the toxicity of vincristine is high to hepatic cells, we
investigated the combined effect of vincristine and berberine in two
hepatic carcinoma cell lines in present study, by detecting the drug‐
induced growth inhibition and apoptosis, and exploring underlying
mechanisms.

MATERIALS AND METHODS

MATERIALS
Berberine hydrochloride (berberine) was purchased from SCMUST
(Chengdu, China) and vincristine sulfate (vincristine) fromMingXing
Pharmaceutical Co. Ltd (Guangzhou, China). Dulbecco0s modified
Eagle medium (DMEM), and fetal bovine serum (FBS) were obtained
from GIBCO/BRL Life Technologies (Grand Island, NY). Trizol reagent
was purchased from Invitrogen (Carlsbad, CA) and the reagents used
for quantitative real time RT‐PCR (qRT‐PCR) were from Transgen
(Beijing, China). 3‐(4,5‐dimethyl‐2‐thiazolyl)‐2,5‐diphenyl‐2H‐tet-
razolium bromide (MTT) was obtained from Sigma‐Aldrich (St. Louis,
MO). Antibody against b‐actin was purchased from Zhongshan
(Beijing, China), and antibody against poly (adenosine diphosphate
(ADP)‐ribose) polymerase (PARP) from Boisynthesis (Beijing, China).

CELL CULTURE
Human hepatocellular carcinoma cell lines (HepG2 and SMMC7721)
were purchased from the American Type Culture Collection (ATCC,
Manassas, VA). Cells were maintained in DMEM supplemented with
10% heat‐inactivated FBS (v/v), and penicillin (100U/ml)/strepto-
mycin (100mg/ml).

CELL VIABILITY ASSAY
Vincristine and berberine were dissolved in phosphate buffered saline
(PBS). HepG2 and SMMC‐7721 cells were plated in 96‐well plate with
complete medium at 5� 103, 3� 103 and 2� 103/well. After 24 h, the
cells were incubated with increasing concentrations of vincristine
and berberine for 24, 48, and 72 h. Thereafter, the cells were incubated
with MTT at 37°C for 4 h, and DMSO was added to dissolve the
formazan crystals. Absorbance at 570 nm was then measured with a
spectrophotometer (BIO‐RAD Model 680).

COLONY FORMATION ASSAY
Cells were plated in six‐well plates at 800 cells per well. After 2 days of
growth, cells were treated by vincristine and berberine alone and
together for 24 h. Then the medium was changed to blank complete
medium and the cells were cultured for another 10 days. Cell colonies
were stainedwith crystal violet as described previously [Li et al., 2011].

JC‐1 STAINING ASSAY
Mitochondrial membrane potential (MMP) was determined with JC‐1
assay kit (Beyotime, Shanghai, China). Cells were seeded at 3� 103

cells/well in a 96‐well plate. After incubation with vincristine and
berberine for 48 h, the change of fluorescence in cells was visualized
and photographed by converted fluorescence microscope (Nikon,
ECLIPSE TI‐U).

DCFH‐DA STAINING ASSAY
Reactive oxygen species (ROS) assay kit (Applygen, Beijing, China) was
used for the detection of ROS generation. Cells were treated by
vincristine and berberine for 24 h, thenwashedwith PBS and incubated
with 10mM DCFH‐DA fluorescent probe for 40min at 37°C. After two
times washing with PBS, cells were digested and collected to quantify
the level of ROS. Themeanfluorescence intensity was analyzed by flow
cytometry as described [Mo et al., 2013]. Cells were also observed and
photographed by converted fluorescence microscope.

FACS ASSAY
Cell cycle distribution was analyzed by flow cytometry. Cells were
plated in six‐well plates at 2� 105 cells per well and treated with
vincristine (1 nM) and berberine (30mM) for 24 h. Cells were
harvested, washed with PBS and fixed in 70% ethanol at �20°C
for at least 2 h. Fixed cells were washed with PBS again and incubated
with PBS containing 50mg/ml propidium iodide (PI), 100mg/ml
RNase A and 0.1% Triton X‐100 for 30min at 4°C in dark. The stained
cells were analyzed by flow cytometry.

TUNEL ASSAY
Apoptotic cell death was evaluated by in situ cell death detection kit
(Roche Applied Science, Indianapolis, IN), which is based on labeling
of DNA strand breaks (Tunel technology). Cells were seeded on glass
cover slips placed in six‐well plates at 2� 105 cells per well and
treated by vincristin and berberine for 48 h. The detection of DNA
strand breaks was performed according to the manufacturer0s
instruction and the incorporated fluorescein was visualized under a
converted fluorescence microscope. The nucleolus of all cells in the
assay was stained with DAPI.

QUANTITATIVE REAL TIME RT‐PCR
Total RNA was extracted from about 2� 105 cells by using Trizol
reagent. Five hundred nanograms total RNA was used for reverse
transcriptase‐mediated cDNA synthesis and qRT‐PCR was performed
following the manufacturer0s instruction. Sequences of the primers
used for following human genes detection are as below: p21, 50‐CCT
gTC ACT gTC TTg TAC CCT‐30and 50‐gCg TTT ggA gTg gTA gAA ATC
T‐3; BAX, 50‐gAT gCg TCC ACC AAg AAg CT‐30and 50‐Cgg CCC CAg
TTg AAg TTg‐30; Caspase3, 50‐ACT CTg gAA TAT CCC Tgg ACAACA‐
30 and 50‐gAC TTC TACAAC gAT CCC CTC TgA‐30; GADD153, 50‐TgA
TgC TCC CAA TTg TTC ATg‐30 and 50‐TCg CCg AgC TCT gAT TgA C‐
30; MDR1, 50‐CCC ATC ATT gCA ATA gCA gg‐30 and 50‐gTT CAAACT
TCT gCT CCT gA‐30 and GAPDH (internal reference gene), 50‐TgAAgg
TCg gAg TCA ACg gA‐30 and 50‐CCT ggA AgA Tgg TgA Tgg gAT‐30.

WESTERN BLOT
Whole cell lysates were prepared as before [Yang et al., 2013]. About
100mg of protein extracts were separated on SDS–polyacrylamide
gel. Semi‐dry transfer method was adopted for transferring proteins
to PVDF membranes. Then the membranes were blocked with
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5% skimmilk in TBST (Tris‐buffered saline containing 0.1% Tween),
and probed with anti‐PARP (1:500), and anti‐b‐actin (1:2,000)
antibodies at 4°C overnight. After washing, the membranes were
incubated with horseradish peroxidase (HRP)‐conjugated anti‐
mouse and anti‐rabbit IgG (1:2,000) for 1 h at room temperature.
The immunoreactive bands were visualized by an enhanced
chemiluminescence system.

STATISTICAL ANALYSIS
Results are expressed as the means� SEM. Statistical significances
among groups were analyzed by one‐way analysis of variance
(ANOVA) followed by a Turkey comparisons test. A value with
P< 0.05 was considered to be statistically significant.

RESULTS

CYTOTOXICITY OF VINCRISTINE AND BERBERINE ON HEPATIC
TUMOR CELLS
At first, Cytotoxicity of vincristine and berberine was evaluated
separately in two human hepatocellular carcinoma cell lines, HepG2
and SMMC‐7721, and one non‐neoplastic hepatic cell line, LO2.
Following the cells were treated with serially increasing concen-
trations of vincristine and berberine for 24, 48, and 72 h, respectively,
the viability of these cells were measured via MTT assay. The results
showed that either vincristine‐ or berberine‐treatment decreased the
viability of cells (Fig. 1). For vincristine, IC50 in HepG2 cells was 4 nM
for 72 h, while no IC50 could be figured out in SMMC‐7721 cells

Fig. 1. Time‐ and dose‐dependent viability curves of vincristine and berberine in hepatic cells. HepG2 cells (A,B), SMMC‐7721 cells (C,D) and LO2 cells (E,F) were treated with
serially concentrations of vincristine and berberine for 24, 48, and 72 h, respectively. MTT assay was performed. Data were analyzed as means� SD of three independent
experiments. �P< 0.05 and ��P< 0.01, compared with control.
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even the concentration of vincristine up to 40 nM (Fig. 1A,C). For
berberine, the IC50 in HepG2 cells was around 40mM for 48 h and
10mM for 72 h (Fig. 1B) but the largest viability inhibition in SMMC‐
7721 cells was less than 30% even at 72 h when 40mM berberine was
applied (Fig. 1D). The toxicity of these two drugs in LO2 cells was
lower than that in HepG2 cells but higher than that in SMMC‐7721
cells. These results reveal the cytotoxicities of vincristine and
berberine are diverse in different hepatic cells and demonstrate that
HepG2 cells were more sensitive to these toxicities than SMMC‐7721
cells.

CO‐TREATMENT OF VINCRISTINE AND BERBERINE PROMOTED THE
DECREASE OF CELL VIABILITY IN HEPATIC TUMOR CELLS
To test the combined effect of vincristine and berberine on cell
viability, co‐treatment experiments were conducted. Based on above
experiment, we adopted the concentrations of vincristine and
berberine used for co‐treatment as following: 1 nM vincristine and
30mM berberine for HepG2 cells and 20 nM vincristine and 40mM
berberine for SMMC‐7721 cells. In these experiments, cells were
incubated with vincristine and berberine alone or together, followed
by detecting the cell viability via MTT assay. The results were
summarized in Figure 2. As shown, the co‐treatment of vincristine
and berberine clearly promoted the decline of cell viability, This
promotion was mostly significant in comparison the co‐treatment
group with either vincristine alone group or berberine alone group (V
vs. VB or B vs. VB). Notably, the combinational effect was more
apparently come into play in vincristine sensitive HepG2 cells.

CO‐TREATMENT OF VINCRISTINE AND BERBERINE ENHANCED THE
GROWTH INHIBITION IN HEPATIC TUMOR CELLS
With 48 h incubation, neither 1 nM of vincristine nor 30mM of
berberine triggered visible cell death in HepG2 cells, whereas the co‐

treatment induced obvious cell floating and rounding (Fig. 3A). To
measure the effect of co‐treatment on growth inhibition in HepG2
cells, colony‐forming assay, cell cycle analysis and qRT‐PCR were
performed. From colony‐forming assay, we observed that even
though single drug treatment decreased visible cell colonies, co‐
treatment resulted in much severe colony reduction (Fig. 3B). By cell
cycle analysis, we found that vincristine alone caused G2/M arrest,
but berberine alone or co‐treatment induced evident G1 arrest
(Fig. 3C). Consistent with above measurements, the results based on
quantitative real time RT‐PCR assay showed that the transcription of
the p21 gene, a regulator of cell cycle progression at G1 and S phase,
was obviously elevated by co‐treatment, although berberine alone did
the same (Fig. 3D). These results show that the combinational effect of
vincristine and berberine can enhance the growth inhibition of
HepG2 cells.

CO‐TREATMENT OF VINCRISTINE AND BERBERINE INDUCED
APOPTOTIC CELL DEATH IN HEPG2 CELLS
To assess whether co‐treatment can promote apoptosis in HepG2
cells, we examined the DNA brand break by Tunel technology.
Apparent numbers of Tunel‐positive cells were observed in co‐
treatment group, whereas only a few in berberine group and
vincristine group (Fig. 4A,B). Similar results were obtained by DAPI
staining, where the numbers of condensed nucleolus in co‐treatment
group were more than those in other groups (Fig. 4A). In addition,
qRT‐PCR assay was conducted for detecting the transcriptional
activity of apoptosis‐marker genes, BAX and Caspase 3. In berberine
and co‐treatment groups, the expressions of both genes were
increased significantly, with higher increase in co‐treatment group
(Fig. 4C). To get the evidence about the situation of drug‐induced
apoptotic cell death from the view of protein level, the cleavage of
poly (ADP‐ribose) polymerase (PARP), another known apoptosis‐

Fig. 2. The combinational effect of vincristine and berberine on cell viability. HepG2 cells (A–C) were left untreated (Ctl) or treated with vincristine (V, 1 nM), berberine (B, 30mM)
and both (Vþ B) for 24, 48, and 72 h, respectively. SMMC‐7721 cells (D–F) were treated with vincristine (20 nM), berberine (40mM) and both for 24, 48, and 72 h, respectively.
Cell viability was detected by MTT assay. Data were analyzed as means� SD of three independent experiments. �P< 0.05 and ��P< 0.01, compared with control.
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marker, was checked byWestern blot. The results showed that cleaved
PARP protein markedly increased in berberine and co‐treatment
groups (Fig. 4D). These results consistently indicate that the co‐
treatment of vincristine and berberine enhanced the apoptosis in
HepG2 cells.

CO‐TREATMENT OF VINCRISTINE AND BERBERINE CAUSED THE
DAMAGES OF MITOCHONDRIAL FUNCTION
We next addressed intracellular reactive oxygen species (ROS) level
and mitochondrial membrane potential (MMP), as they are wildly
accepted parameters of mitochondria function. To measure intracel-
lular ROS, the cells with 24 h‐treatment were labeled by DCFH‐DA
probe. Figure 5A,B demonstrates the results obtained by flow
cytometry, showing that berberine alone and co‐treatment markedly
increased ROS generation in cells. Figure 5C presents a set of
fluorescent microimages displaying that the visible ROS positive cells
were more in co‐treatment group than those in other groups. To
evaluate MMP status, JC‐1 staining was conducted, in which the JC‐1
aggregates (red) and JC‐1 monomers (green) reflect higher or lower
level of mitochondrial membrane polarization, respectively. As
shown in Figure 5D, the overall intensity of red fluorescence in
berberine groupsmarkedly decreased, indicating a reduction ofMMP.

Coherently, the green fluorescence positive cells were the most in co‐
treated group.

THE EXPRESSION ALTERATIONS OF ER‐STRESS AND DRUG‐
RESISTANT RELATED GENES
Endoplasmic reticulum (ER)‐stress is another general incentive of
apoptosis, so we investigated the expression of GADD153 gene, one
of the components of the ER stress‐mediated apoptosis pathway [Liu
et al., 2013]. As shown in Figure 6A, the transcription of the
GADD153 gene do increased when the cells were exposed to berberine
for 24 and 48 h. Clearly, the increased transcription of this gene was
particularly higher in co‐treatment cells.

The expression of the MDR1 gene, a well known drug efflux
transporter, generally influences the intracellular concentration and
the cytotoxicity of vincritine [Woodahl et al., 2009; Zhou et al., 2010].
For this reason, the transcriptional expression of the MDR1 gene was
measured by quantitative real time RT‐PCR in our system. The result
indicated that nevertheless vincristine alone slightly elevated the
transcription of the MDR1 gene, berberine and co‐treatment
obviously reduced the transcription of this gene (Fig. 6B). These
results show that berberine as well as co‐treatment can elevate the
cytotoxicity of these drugs to hepatic carcinoma seemed through a

Fig. 3. Co‐treatment of vincristine and berberine induced growth inhibition in HepG2 cells. A: Microscopic images of cells after 48 h treatments as indicated, 1 nM of vincristine
and 30mM of berberine were applied. magnification, 200�. B: Cells were treated with vincristine or/and berberine for 24 h, the colonies of cells growing for another 10 days were
shown by crystal violet staining assay. C: After 24 h treatment, the phase distributions of cell cycles were detected by flow cytometry. D: The mRNA level of the p21 gene was
analyzed by qRT‐PCR. Fold changes relative to control were displayed. �P< 0.05 and ��P< 0.01, compared with control.
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way involved in reducing the expression of the MDR1 gene and
sequential drug efflux.

DISCUSSION

In the present study, the combinational effects of vincristine and
berberine on growth inhibition and apoptotic cell death of hepatoma
cells is evidenced. This finding is based on the facts that co‐treatment
with vincristine and berberine significantly reduced the viability of
hepatocellular carcinoma cell lines when comparing to the drugs were
applied separately; and that co‐treatment also increased apoptotic
cell death in our system. These results demonstrate that berberine
should be a powerful adjuvant for anti‐cancer therapy, particularly
when it combines with vincristine for hepatoma treatment. Our
finding provides a new evidence for the importance and the
effectiveness of combinational drug treatment in anti‐cancer
chemotherapy.

Despite of being a powerful anti‐cancer drug in experiments, the
clinical usage of vincristine is largely limited because its therapeutic

dosages usually cause several toxic effects [Jackson and
Bender, 1979; McCune and Lindley, 1997; Skobel and
Kammermeier, 1997; Marinina et al., 2000]. It has been wildly
accepted that the high toxicity of vincristine comes from its action on
inhibiting microtubule polymerization, which can damage both
malignant and nonmalignant cells [Himes et al., 1976; Owellen
et al., 1976]. Even many efforts have been paid for lowering the toxic
effect of vincristine by combinational using it with other anti‐cancer
drugs, the balance between the therapeutic efficiency and tolerable
side effect has not been well established [Evans et al., 1982;
Allerton, 1996; Gillies et al., 1998]. Importantly, this problem not only
exists in vincristine utilization but also in the use of other approved
drugs directed for cancer therapy [Tange and Vuzevski, 1984; Löw‐
Friedrich et al., 1990; Sasson et al., 1994; Koutinos et al., 2002]. Given
this fact, it is a common view to develop new anti‐cancer therapy by
expanding our attention from the combinational usage of traditional
anti‐cancer drugs to broader resources.

Berberine has been studied recently for its antineoplastic nature
[Mantena et al., 2006; Hsu et al., 2007; CHOI et al., 2008; Meeran

Fig. 4. Co‐treatment of vincristine and berberine induced apoptosis in HepG2 cells. A: Cells were treated with vincristine (1 nM) or/and berberine (30mM) for 48 h and the
apoptotic cells were detected by Tunel technology. Photographs were taken by converted fluorescence microscope, magnification, 100�. B: The ratios of Tunel positive cells were
counted from the results of Tunel assay. C: Cells were treated as above for 48 h, and the mRNA levels of the BAX gene and the caspase 3 gene were analyzed by qRT‐PCR. Fold
changes relative to control were displayed. D: Cells were treated for 24 h (upper) and 48 h (lower), and cleaved poly (ADP‐ribose) polymerase (PARP) was estimated byWestern blot
analysis. �P< 0.05 and ��P< 0.01, compared with control.
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et al., 2008; Patil et al., 2010]. However, themechanisms of this nature
remain unclear. Someone reported that berberine induced mitochon-
drial‐dependent apoptosis in breast cancer cells (MCF‐7) [Patil
et al., 2010]. It is also known that berberine can directly damage DNA
in high concentration and induce apoptosis [Kuo et al., 1995]. To
know whether berberine can be used for combinational therapy
against cancer, we focused on assessing the effect of berberine in
hepatoma cell system when conbinationally used with vincristine,
because of the well known hepatocyte toxicity of vincristine [Mattos
et al., 2001]. Our results clearly displayed not only the antiprolifer-
ative effect of vincristine and berberine alone, but also the
strengthened antitumor effect when these two drugs were used
together. These results are accordant to the combinational effect of
berberine and carmustine [Zhang et al., 1990] and of berberine and
cisplatin [Youn et al., 2008], suggesting the wide usage value of
berberine in anti‐cancer therapy. It is worth to mention here that,
based on statistic analysis, the combinational effect of vincristine and

berberine in our experimental system is additive for growth inhibition
(Fig. 2), but synergistic for apoptosis induction (Fig. 4B).

In this study, the combinational effect of vincristine and
berberine includes not only cell growth inhibition, but also
apoptotic cell death induction. As shown in results, the signs of
apoptotic cell death were faint when vincristine and berberine was
used alone, but became stronger when they were used together. We
noticed from previous reports, that the IC50 of vincristine in HepG2
cells are inconsistent, ranging from 4.4 to 200 nM [Jongsma
et al., 2000; Gasparotto et al., 2006; Kim et al., 2009], which is
similar to or higher than what we observed. The difference in the
IC50 of vincristine in this cells may be explained by the discrepancy
of culture conditions and cell passages, or the activity variation
among different lots of drugs.

To understand the mechanisms for the combinational effect
observed, we investigated mitochondrial function of the cells.
Berberine is a molecule predominantly distributed in mitochondria.

Fig. 5. The combinational effect of vincristine and berberine on cell mitochondrial functions. A: Cells were treated as indicated for 24 h and the generation of reactive oxygen
species (ROS) was assayed after DCFH‐DA staining and by FACS analysis. B: Mean ROS level calculated from FACS analysis. C: DCFH‐DA stained cell populations were visualized by
converted fluorescence microscope, and randomly selected images are shown. magnification, 100�. D: After 48 h treatment, mitochondrial membrane potential (MMP) in the cells
was displayed by JC‐1 staining and observed under converted fluorescence microscope, magnification, 100�.
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By checking intracellular distribution of berberine under fluores-
cent microscopy (berberine is an auto‐fluorescence), we found that
lower than 50mM of berberine was mostly distributed in
mitochondrial (data not shown). The same result has been reported
previously [Serafim et al., 2008]. In our experiments, 20–30mM of
berberine alone showed slight influence for mitochondrial
functions, but the co‐treatment with vincristine strengthened
mitochondrial damage, showing by increased ROS generation and
decreased MMP. Then, we investigated the involvement of ER
stress‐mediated apoptosis in the combinational effect, as it was
reported that berberine can induce GADD153‐mediated, caspase‐
dependent apoptosis in human cervical cancer Ca ski cells
[McCullough et al., 2001; Oyadomari and Mori, 2003; Lin et al.,
2007]. Coincide with their studies, the treatment by berberine alone
or with vincristine induced the elevation of GADD153 expression in
our study. Together with other signs of apoptosis we observed, such
as elevated expression of the BAX gene, increased tunel positive
cells, condensed DAPI‐staining nucleus, and boosted the cleavage
of PRAP, we think the apoptosis promoted by co‐treatment is
related to ER stress.

Considering the expression of drug resistance genes is important
for the therapeutic efficiency of vincristine, we also preliminarily
checked the influence of this combinational treatment in the

expression of a major drug‐resistant gene, MDR1 (P‐glycoprotein
[P‐gp, ABCB1]) in HepG2 cells. Vincristine did not significantly affect
the expression of the MDR1 gene in our system. However, berberine,
either alone or together with vincristine, could suppress the
transcription of the MDR1 gene. This result needs to be further
confirmed in future study at protein level.

In summary, our study firstly demonstrate that berberine in
combination with vincristine has markedly combinational effect on
growth inhibition and apoptosis induction in human hepatoma cells.
The mechanisms underlying these effects may relevant to the
dysfunction of mitochondria and the induction of endoplasmic
reticulum stress. Besides, berberine seems play a leading role in these
combinational effect. These results indicate that berberine might be
an optional adjuvant for cancer therapy, especially for HCC. However,
in vivo study and further mechanistic analysis are necessary to
confirm the effect of this combination.
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