
ORIGINAL ARTICLE

Lupeol enhances inhibitory effect of 5-fluorouracil on human
gastric carcinoma cells
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Abstract Lupeol, a dietary triterpene present in many fruits
and medicinal plants, has been reported to possess many phar-
macological properties including cancer-preventive and anti-
cancer effects in vitro and in vivo. Here, we investigated the
anti-cancer efficacy and adjuvant chemotherapy action of
lupeol in gastric cancer (GC) cells (SGC7901 and BGC823)
and explored the underlying mechanisms. Cells were treated
with lupeol and/or 5-fluorouracil (5-Fu) and subjected to cell
viability, colony formation, apoptosis, western blot, semi-
quantitative RT-PCR, and xenograft tumorigenicity assay.
Our results showed that lupeol and 5-Fu inhibited the prolif-
eration of SGC7901 and BGC823 cells, and combination
treatment with lupeol and 5-Fu resulted in a combination in-
dex < 1, indicating a synergistic effect. Co-treatment with
lupeol and 5-Fu induced apoptosis through up-regulating the
expressions of Bax and p53 and down-regulating the expres-
sions of survivin and Bcl-2. Furthermore, co-treatment
displayed more efficient inhibition of tumor weight and vol-
ume on BGC823 xenograft mouse model than single-agent
treatment with 5-Fu or lupeol. Taken together, our findings
highlight that lupeol sensitizes GC to 5-Fu treatment, and
combination treatment with lupeol and 5-Fu would be a prom-
ising therapeutic strategy for human GC treatment.
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Introduction

Gastric cancer (GC) is the fourth most frequent type of cancer
and the second leading cause of cancer-related death around
the world (Siegel et al. 2012). The only potentially curative
treatment for GC is surgery, but in patients with unresectable
disease, chemotherapy is the main course of treatment
(Cervantes et al. 2008). Unfortunately, the rapid development
of new chemotherapeutic agents have done little to improve
the prognosis of advanced and recurrent GC, with the overall
5-year survival rates ranging from 5 to 15% (Luo et al. 2010).
Therefore, there is an urgent need to identify novel therapeutic
agents to treat patients with advanced GC.

5-Fluorouracil (5-Fu) is a widely used chemotherapeutic
agent in gastrointestinal malignancies, including GC.
Although most patients display chemosensitivity to 5-Fu at
the beginning of therapy, fast acquired resistance and severe
adverse effects have limited its application in cancer treatment
(Longley et al. 2003). Nowadays, combination chemotherapy
has been considered as a more effective treatment strategy. For
instance, oxymatrine or resveratrol combined with 5-Fu can-
not only improve the response rates but also reduce the seri-
ousness of the side effects (Liu et al., 2015a; Santandreu et al.
2011). Despite these improvements, novel chemotherapeutic
regimens and new chemo-sensitizers are urgently needed.

Lupeol [Lup-20(29)-en-3b-ol] (Fig. 1), a dietary triterpene,
found in several medicinal plants and various fruits, such as
olive, mango, grapes, figs, and vegetables, is used for treat-
ment of lots of ailments worldwide (Imam et al. 2007; Saleem
2009; You et al. 2003). Extensive research over the past de-
cades have revealed various important pharmacological activ-
ities of lupeol (Chaturvedi et al., 2008; Ardiansyah et al. 2012;
Liu et al. 2013; Tarapore et al. 2010; Saleem et al. 2009), and
our previous research also suggested that lupeol inhibited cell
proliferation and induced cell apoptosis of human pancreatic

* Quangen Gao
wjyygqg@sohu.com; wjyysgh@163.com

1 Department of General Surgery, Wujiang No. 1 People’s Hospital,
Suzhou 215200, China

2 Department of Geriatric Ward, Wujiang No. 1 People’s Hospital,
Suzhou 215200, China

Naunyn-Schmiedeberg's Arch Pharmacol (2016) 389:477–484
DOI 10.1007/s00210-016-1221-y

RETRACTED A
RTIC

LE

http://crossmark.crossref.org/dialog/?doi=10.1007/s00210-016-1221-y&domain=pdf


cancer, gallbladder carcinoma, and osteosarcoma in a dose-
dependent manner (Liu et al., 2015c; Liu et al. 2016; Liu et al.,
2015d). However, there is no any investigation about the
chemo-sensitization effect of lupeol until now.

In the present study, we utilized the human GC SGC7901
and BGC823 cells and BGC823 xenograft mouse model to
explore the possible chemo-sensitization effect of lupeol to
potentiate the anti-tumor effect of 5-Fu in vitro and in vivo
and found that these two agents act synergistically anti-cancer
activity. These findings may provide a new therapeutic strat-
egy to achieve anti-cancer synergism.

Materials and methods

Reagents and antibodies

Lupeol and 5-Fuwere purchased from Sigma-Aldrich (St. Louis,
MO, USA), and a stock solution of lupeol (30 mmol/L) was
prepared by resuspension in warm alcohol and dilution in di-
methyl sulfoxide (DMSO) at 1:1 ratio. 5-Fu was dissolved in
DMSO to a final storage concentration of 100 mg/mL. Lupeol
and 5-Fu solution were sterilized through 0.22-μm filter for use
in subsequent experiments and stored in –20 °C.

Materials used included 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT; Sigma Chemical
Company, St. Louis, CA); Apoptosis Detection Kit
(MultiSciences Biotech, Shanghai, China); Hoechst 33342
Staining Assay Kit (Molecular Probes, Beyotime Institute of
Biotechnology, Shanghai, China); TRIzol Reagent
(Invitrogen, Carlsbad, CA); glyceraldehyde 3-phosphate de-
hydrogenase (GAPDH) antibodies (Kangchen Bio-tech,
Shanghai, China); and survivin, Bax, Bcl-2, p53, and horse-
radish peroxidase-conjugated sheep anti-mouse immunoglob-
ulin G (IgG) and sheep anti-rabbit IgG antibodies (Cell
Signaling Technology, Danvers, MA).

Cell lines and culture

The human GC cell lines (SGC7901 and BGC823) were ob-
tained from the Shanghai Cell Institute Country Cell Bank

(Shanghai, China). The cells were maintained in RPMI-1640
medium (Gibco, Gaithersburg, MD, USA); supplemented
with 10 % fetal bovine serum (Gibco, USA), 100 mg/mL
streptomycin, and 100 u/mL penicillin (HyClone, USA); and
incubated in a humidified atmosphere with 5 % CO2 at 37 °C.
The cells were kept in an exponential growth phase during
experiments.

Cell viability assay

Cell viability was measured using the MTT assay and colony
formation test. For MTT assay, SGC7901 and BGC823 cells
were seeded at 1 × 104 cells/well into 96-well plates and cul-
tured overnight, then exposed to 5-Fu (0, 2, 5, 10, 25, 100, and
200 μg/mL), lupeol (7.5, 15, and 30 μM), or 5-Fu + lupeol for
48 h. Untreated cells served as controls. Thereafter, 20 μL of
MTTsolution (5 mg/mL) was added to each well and the cells
were incubated for a further 4 h at 37 °C. After removal of the
culture medium, cell was lysed in 200 μL of DMSO and the
optical density (OD) was measured at 490 nm using a micro-
plate reader. The change of cell viability was calculated using
the formula (1 − average absorbance of treated group/average
absorbance of control group) × 100 %.

For colony formation test, SGC7901 and BGC823
(800 cells/well) cells were plated into 6-well plates and cul-
tured at 37 °C with 5 % CO2. The medium was replaced with
fresh culture media every 2 days. After 10 days, the plates
were fixed with 4 % paraformaldehyde at 4 °C for 15 min
and stained using Giemsa for 30 min. Then, the number of
stained colonies that contained 50 cells was manually counted.
Proliferation potential was assessed as relative colony forma-
tion rate (%) = number of colonies in the treatment group/
number of colonies in the control group × 100 %.

Evaluation for combination index

After detection of the single and combination inhibitory ef-
fects of 5-Fu and lupeol, the combination index (CI) was cal-
culated according to the method of Chou (Chou 2010) using
CalcuSyn software program. The value of CI is a quantitative
measure of the degree of interaction between different drugs.
CI < 1 indicates synergism, CI = 1 denotes additive effects,
and CI > 1 denotes antagonism.

Evaluation of cell apoptosis

Cell apoptosis was detected as previously described (Liu et al.
2015b). BGC823 cells were treated with different concentra-
tions of 5-Fu and/or lupeol for 48 h, harvested, and prepared
for flow cytometry analysis (Becton Dickinson, Franklin
Lakes, NJ, USA).

Hoechst 33342 staining was used to confirm the alterations
of nucleus morphology of BGC823 cells after 5-Fu, lupeol, or

Fig. 1 The chemical structure of lupeol
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5-Fu + lupeol treatment. Briefly, after incubation for 48 h,
cells were stained with 10 μg/mL Hoechst 33342 at 37 °C in
the dark for 15 min, then washed with phosphate-buffered
saline (PBS), and observed using an inverted fluorescence
microscope.

Western blot analysis

Western blot analysis was performed as described previously
(Liu et al., 2015c; Liu et al. 2016). Proteins (40 μg) were
separated by SDS-PAGE (8, 10, or 12 %) and then transferred
to polyvinylidene difluoride membrane (Beyotime Institute of
Biotechnology). The membranes were incubated with primary
antibodies overnight at 4 °C and then with appropriate sec-
ondary antibodies conjugated to horseradish peroxidase for
1 h at room temperature. Signals were visualized by ECL
chemiluminescence. The GAPDH expression was used as ref-
erence band. The protein expression rate was semiquantified
using Image J software.

Semiquantitative real-time polymerase chain reaction
analysis

For gene expression analysis, BGC823 cells (1 × 105 cells/well in
a 24-well plate) were grown for 24 h and subsequently treated
with 5-Fu, lupeol, or 5-Fu + lupeol for 48 h. Total RNA was
extracted with TRIzol Reagent (Invitrogen, Carlsbad, CA) ac-
cording to the manufacturer’s instructions, and first-strand com-
plementary DNAwas synthesized from 2 μg of total RNA using
Prime Script Reverse Transcriptase (TaKaRa, Shiga, Japan). The
polymerase chain reaction (PCR) primer and regimen are as
follows: 5′-CAGATTTGAATCGCGGGACCC-3′, 5′-
CCAAGTCTGGCTCGTTCTCAG-3′ for survivin (206 bp,
38 cycles); 5′-GGCCCACCAGCTCTGAGCAGA-3′, 5′-
GCCACGTGGGCGGTCCCAAAGT-3′ forBax (479bp, 42cy-
c les) ; 5 ′ -GTGGAGGAGCTCTTCAGGGA-3 ′ , 5 ′ -
AGGCACCCAGGGTGATGCAA-3′ for Bcl-2 (304 bp, 42 cy-
cles); 5′-CAGCCAAGTCTGTGACTTGCACGTAC-3′, 5′-
CTATGTCGAAAAGTG TTTCTGTCATC-3′ for p53
(396 bp, 38 cycles); and 5′-GGAGTCCTGTGGCATCCACG-
3′, 5′-CTAGAAGCATTTGCGGTGGA-3′ for β-actin (322 bp,
30 cycles). The PCR conditions included denaturation at 94 °C
for 1 min, annealing at 56 °C for 1 min, and extension at 72 °C
for 2 min. Samples were separated in 20-g/L agarose gel and
visualized with ethidium bromide staining under ultraviolet light.

Animal experiment

Animal studies were carried out as we previously described
(Liu et al. 2015d). Exponentially growing BGC823 cells
(5 × 106) were suspended in 200 μL PBS and subcutaneously
injected into the right axillary fossa of each nude mouse. On
day 6, a total of 32 nude mice whose tumors were similar in

size (6–8 mm in diameter) were chosen and equal numbers
were assigned to four groups (n = 8 per group). Group I was
given sterile physiological saline via intraperitoneal injection
every other day, group II was given 10 mg/kg 5-Fu via intra-
peritoneal injection every other day, group III was injected
with 30 mg/kg lupeol intraperitoneally every other day, and
group IV was given 10 mg/kg 5-Fu + 30 mg/kg lupeol. After
2 weeks of drug administration, all mice were killed on day
28, and tumors were dissected and weighed. The tumor vol-
ume and inhibition ratio were detected as previously described
(Liu et al., 2015a).

Then, formaldehyde-fixed, paraffin-embedded tissue
blocks were prepared from xenograft tissue and cut into serial
sections (4 μm) for hematoxylin-eosin (H&E) staining. And,
the apoptosis of paraffin-embedded tumor sections was detect-
ed using a terminal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL) assay kit according to manufacturer’s
instructions. The animal studies were approved by the
Wujiang No. 1 People’s Hospital Ethics Committee, and the
principles of laboratory animal care were followed in all ani-
mal experiments.

Statistical analysis

All experiments presented here derived from at least three
independent experiments. All data are expressed as
mean ± standard deviation (SD) and analyzed by the SPSS
17.0 software. Comparisons among different groups were per-
formed using one-way analysis of variance, and the P value
less than 0.05 was considered statistically significant.

Results

Lupeol inhibited the growth of human GC cells
and enhanced 5-Fu efficacy in vitro

Firstly, we evaluated the potential role of 5-Fu and lupeol on
the cell growth of SGC7901 and BGC823 cells using MTT
assay. As shown in Fig. 2a, BGC823 cells performed more
sensitive than SGC7901 cells to 5-Fu treatment. When the
concentration exceeded 25 μg/mL, SGC7901 and BGC823
cells exhibited a resistance trend to 5-Fu treatment.
However, lupeol inhibited SGC7901 and BGC823 cell prolif-
eration in a dose-dependent manner (Fig. 2b, c). When cells
were treated simultaneously with 5-Fu (2 and 5 μg/mL) and
lupeol (7.5, 15, and 30μM), a stronger inhibitory effect on cell
proliferation was derived than single-agent treatment (Fig. 2b,
c). To further verify the synergistic effects of 5-Fu and lupeol,
the CalcuSyn software was used to analyze the cell viability
inhibition effects of the single and combined treatment. The
CI value for 5-Fu + lupeol treatment was 0.76 ± 0.08 for
SGC7901 cells and 0.67 ± 0.11 for BGC823 cells under the
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applied dosages (Fig. 2b, c). For BGC823 cells, the combina-
tion of 5-Fu (2 μg/mL) and lupeol (7.5 μM) displayed the best
synergistic inhibition capacity, which was selected for further
investigations.

Then, we performed colony formation test to explore the
effect of 5-Fu and lupeol on GC cell tumorigenicity. We found
that single-agent treatment with 5-Fu or lupeol decreased both
the size and number of colonies, and the combination of both
agents can further attenuate the colony-forming ability com-
pared with single-drug therapy (Fig. 2d, f).

Lupeol enhanced 5-Fu-induced apoptosis in human GC
cells

Hoechst 33342 staining was employed to reveal the morpho-
logical changes in the apoptotic cells. Results showed that
BGC823 cells treated with 5-Fu or lupeol alone exhibited
morphological features of early apoptotic cells, such as bright
nuclear condensation or fragments, whereas in 5-Fu + lupeol
group, apoptotic bodies began to appear and the number of
late apoptotic cells increased (Fig. 3c, d). We further quanti-
fied the apoptosis of BGC823 cells by flow cytometry assay.
As shown in Fig. 3a, b, either 5-Fu or lupeol could induce
apoptosis of BGC823 cells, and combination treatment could
achieve the greatest apoptosis rate (P < 0.05 vs 5-Fu or lupeol
alone). These data suggested that lupeol enhanced 5-Fu-
induced apoptosis in human GC cells.

Lupeol potentiated the anti-tumor activity of 5-Fu
through promoting the apoptotic signaling pathway

To investigate the possible molecular mechanisms responsible
for 5-Fu- and lupeol-induced apoptosis in BGC823 cells, we
evaluated the changes of protein and messenger RNA
(mRNA) levels of survivin, Bax, Bcl-2, and p53 by western
blot and semiquantitative real-time (RT)-PCR analysis, re-
spectively. Western blot analysis showed the expressions of
Bax and p53 were up-regulated, while the expressions of
survivin and Bcl-2 were down-regulated in the cells treated
with 5-Fu and/or lupeol. This finding was confirmed in
mRNA levels by RT-PCR analysis (Fig. 4c, d). It is important
to note that these effects were more pronounced when 5-Fu
and lupeol were used together than when each was used alone.

Lupeol treatment improved the anti-tumor effect of 5-Fu
in vivo

Further, we studied the effects of lupeol and 5-Fu on GC cell
growth in vivo. The xenograft model was established in
BALB/c nude mice following subcutaneous transplantation
of BGC823 cells. The results showed that treatment with 5-
Fu (10 mg/kg) or lupeol (30 mg/kg) alone had little effect on
the weight and volume of GC xenograft tumors, whereas the
combination of both agents resulted in a significant reduction
in GC tumor growth (Fig. 5a). The mean tumor weights in

Fig. 2 Lupeol synergistically enhanced the anti-proliferative effect of 5-
Fu in GC cells. a–c Cell viability was measured byMTTassay after 5-Fu
and/or lupeol treatment in SGC7901 and BGC823 cells and combination

index (CI) value was analyzed using CalcuSyn software. d–f Colony
formation of GC cells after 5-Fu and/or lupeol treatment. *P < 0.05
versus the control group, **P < 0.05 versus 5-Fu or lupeol alone group
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different groups were also calculated, and results showed that
the tumor weight inhibition rates for 5-Fu, lupeol, and 5-Fu +
lupeol treatment groups were 27.47, 37.94, and 73.79 %, re-
spectively (Fig. 5c). The trends of tumor volume inhibition in
different groups were consistent with tumor weight inhibition
(Fig. 5d).

We next examined the subcutaneous tumor tissues by H&E
staining. The tumor tissue from control mice showed compact
tumor cells with blue-purple nuclei and pink cytoplasm. In 5-
Fu or lupeol treatment group, the tumor cells were sparse and
separated from each other. In 5-Fu + lupeol treatment group,
the structure of the tumor tissue was more seriously damaged
than the single-agent treatment group, and the nuclei were
polygonal and lightly stained (Fig. 5c). TUNEL staining of
tumor sections was performed to detect tumor apoptosis in
vivo. Co-treatment with 5-Fu and lupeol significantly in-
creased the apoptotic index, as determined by the percentage
of TUNEL-stained nuclei (P < 0.01 vs 5-Fu or lupeol alone;
Fig. 5e).

Discussion

Because of the limited efficiency of single-agent chemothera-
py in the treatment of human cancers, many combination

therapies, by using effective chemo-sensitizers to augment
the response rate of existing anti-cancer drug and simulta-
neously overcome their resistance, have been applied in the
clinic recently (Santandreu et al. 2011; Kong et al. 2015).
Increasing studies have demonstrated that the extracts of
Chinese traditional medicines, such as oxymatrine, curcumin,
and gypenosides, could act as chemo-sensitizer to enhance the
efficacy of 5-Fu in human cancer cells (Liu et al., 2015b;
Shakibaei et al. 2013; Kong et al. 2015). However, whether
lupeol can become a good chemo-sensitizer to amplify the
effectiveness of chemotherapy in clinic is not clear. In this
study, we found that lupeol displays a splendid chemo-
sensitization effect to potentiate the 5-Fu-induced cell growth
inhibition in vitro and in vivo. To the best of our knowledge,
the present study is the first preclinical research that assesses
the chemo-sensitization effect of lupeol and the anti-tumor
effect of using 5-Fu and lupeol in combination.

Uncontrolled cell proliferation is a key aspect of tumori-
genesis, and inhibiting proliferation can achieve growth arrest
in tumor cells. Cell apoptosis is an autonomous cell death
process, and it is reported that the deregulation of apoptosis
is hallmark of all cancer cells (Kim et al. 2010). Clearly, an
agent which could efficiently inhibit the proliferation and in-
duce apoptosis of cancer cells would be a hopeful candidate to
suppress cancer progression and thus could reduce mortality.

Fig. 3 Combination treatment with lupeol- and 5-Fu-induced
apoptosis in GC cells. a,b Cell apoptosis was detected by
annexin V–fluorescein isothiocyanate (FITC)/propidium iodide
(PI) binding assay in BGC823 cells. c,d The nuclei were stained

by Hoechst 33342 and the percentage of apoptosis cells was
calculated as apoptosis index (AI; %). *P < 0.05 versus the
control group, **P < 0.05 versus 5-Fu or lupeol alone group
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Our previous studies have shown that lupeol possesses this
capability to inhibit proliferation as well as induce apoptosis
in human pancreatic cancer cells through AKT/ERK path-
ways (Liu et al., 2015c) and induces apoptosis of human os-
teosarcoma cells through PI3K/AKT/mTOR pathway (Liu
et al. 2016). In our present study, the MTT assay and colony
formation test demonstrated that the cell viabilities of
SGC7901 and BGC823 decreased significantly after co-
treated with low doses of 5-Fu and lupeol in comparison to
either single treatment. The results from Annexin V-FITC/PI
staining suggested that 5-Fu and lupeol in combination effec-
tively induced BGC823 cell apoptosis compared to 5-Fu or
lupeol alone.

Cell apoptosis is induced and controlled by many compli-
cated factors, such as blockage of cell cycle and expression
changes of correlative apoptosis genes. Previous studies have
shown that the Bcl-2 family related genes and survivin gene
function as key regulators in cell apoptosis (Mita et al., 2008;
Richardson et al. 2008). The Bcl-2 family members can be
classified into the following three subfamilies: pro-apoptotic

members such as Bax, Bad, Bid, and Bcl-Xs; anti-apoptotic
members such as Bcl-2 and Bcl-xL; and the BH3-only mem-
bers such as Bim and Bad (Cotter et al. 2009). Most therapeu-
tic agents act by blocking the function of anti-apoptotic Bcl-2
proteins or by enhancing the activities of pro-apoptotic pro-
teins such as Bax. Once the brake provided by anti-apoptotic
Bcl-2 members is removed, the pro-apoptotic protein Bax
oligomerizes at the mitochondrial membrane leading to re-
lease of apoptogenic factors into the cytosol, an event initiat-
ing a deadly proteolytic cascade (Wei et al. 2004; Song et al.
2007). Survivin belongs to the anti-apoptotic protein family
and is a good marker for most cancer cells (Marconi et al.
2007). Various strategies to target survivin in cancer treatment
are currently under investigation with promising results
(Altieri et al. 2006). P53 is a multifunctional protein with
multiple modifications and biochemical properties. It has the
ability to bind to specific DNA sequences and functions as a
potent transcription factor that trans-represses and trans-
activates specific genes involved in controlling cell apoptosis
and cycle (Prives et al. 1999). Recent research indicated that

Fig. 4 Lupeol potentiated the anti-tumor activity of 5-Fu through pro-
moting the apoptotic signaling pathway. a Expressions of survivin, Bax,
Bcl-2, and p53 were analyzed by western blot assay. An up-regulation in
the levels of Bax and p53, and a down-regulation of survivin and Bcl-2,
occurred in BGC823 cells after treatment with 5-Fu and/or lupeol for
48 h. b Band density ratio of survivin, Bax, Bcl-2, and p53 to GAPDH
was shown as means ± standard deviation (SD). cAn up-regulation in the

mRNA levels of Bax and p53, and a down-regulation of survivin and Bcl-
2, occurred in BGC823 cells after treatment with 5-Fu and/or lupeol for
48 h. d The band density ratio of survivin, Bax, Bcl-2, and p53 to β-actin
was shown as means ± SD. For one experiment, three assays were carried
out but only one set of gel is shown. *P < 0.01 versus 5-Fu or lupeol alone
group
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common anti-cancer drugs can perform their functions by
modulating Bcl-2 protein expression, whereas this modulation
seems ultimately to lead to the presence of p53 (Coutts et al.
2006). In this study, we found that lupeol in combination with
5-Fu could up-regulate the expressions of Bax and p53 and
down-regulate the expressions of survivin and Bcl-2, either in
mRNA level (detected by semiquantitative RT-PCR) or in the
protein level (detected by western blot analysis). These data
strongly support that the inhibitory of lupeol in combination
with 5-Fu is associated with their ability to induce apoptosis
by regulating the transcription and translation of survivin,
Bax, Bcl-2, and p53 genes.

In addition, in our in vivo study, we found that both 5-Fu
and lupeol could induce tumor inhibition, especially when
combination treatment was applied. More importantly, H&E
staining analyses of the tumors from mice treated with
lupeol or 5-Fu revealed morphological feature character-
istic of apoptotic cells, and the structure of the tumor
tissue was more seriously damaged in 5-Fu + lupeol
treatment group. Also, co-treatment with 5-Fu and lupeol sig-
nificantly increased the apoptosis of tumor cells, as deter-
mined by the TUNEL staining, which was consistent with
our findings in vitro.

In conclusion, our present investigation confirms that co-
treatment with lupeol and 5-Fu could synergistically inhibit
humanGC cell proliferation, induce cell apoptosis, and reduce

tumorigenicity in vitro and in vivo. The synergistic effects of
lupeol and 5-Fu may be associated with the down-regulation
of survivin and Bcl-2 expressions and up-regulation of Bax
and p53 expressions. Thus, we propose that lupeol may be a
promising adjuvant chemotherapy agent in treatment of hu-
man GC.
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