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Inhibition of Vav3 gene can promote apoptosis of human gastric
cancer cell line MGC803 by regulating ERK pathway
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Abstract Previous studies proved that Vav3 gene was
overexpressed in cancers. However, the molecular mechanism
of Vav3 in apoptosis still keeps unclear; therefore, the relation-
ship between Vav3 gene and apoptosis of gastric cancer (GC)
was explored in the present study. Vav3-siRNA was
transfected into MGC803 cells, and then cell activity and ap-
optosis rate were tested with MTT and FCM; apoptosis-
related genes and proteins in MAPK signaling pathway were
also tested. Results showed that Vav3 was overexpressed in
GC than in adjacent normal tissues (all P<0.05), and expres-
sion of Vav3 was related to degree of histological differentia-
tion, cancer invasion depth, and lymphatic metastasis
(Χ2= 7.185, P= 0.007; Χ2= 18.654, P< 0.001; Χ2= 5.058,
P=0.025). Vav3 silencing inhibited activity of MGC803 cells,
and apoptosis rate of cells was affected. Vav3-siRNA
transfection led to changes of apoptosis-related genes
such as Survivin, xIAP, Bcl-2, caspase-3, and Bax (all
P< 0.01). After transfection, ratio of phosphorylation of
ERK significantly reduced. We concluded that Vav3 in-
hibition can suppress cell activity and promote apoptosis
by regulating the apoptosis-related genes through the
ERK pathway.
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Introduction

Gastric cancer (GC) is currently the second leading cause of
death from all cancers in the world. It is also the leading cause
of death from malignant tumors in Eastern Asia including
China [1]. Recent studies indicate that GC cells have strong
resistance to apoptosis, which is an important factor responsi-
ble for poor prognosis; multiple apoptosis-related genes and
pathways together with expression products exert control in
the development of apoptosis resistance for GC cells [2–6].
And, there were some reports with certain results that GC cell
inhibition could be achieved by promoting apoptosis [7–9].
However, there is still no breakthrough in molecular mecha-
nism on apoptosis regulation in GC, so it is of significance to
search new apoptosis-regulated genes targeting GC cells for
molecular targeted GC therapy.

Members of oncogene Vav family, activator of small GTP
kinase in Rho family, could activate RhoA, Racl, Cdc42, and
so on. In Vav family, Vav3 plays an important role in the
process of tumor development and metastasis [10]. It has been
demonstrated that many researches focused on the effect of
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Vav3 in bladder cancer, lymphoma, and breast cancer, and
these researches showed that expression of Vav3 was upregu-
lated in these cancers [11–13]. So, it can be concluded that
Vav3 is invovled in carcinogenesis.

Our previous study found that expression of Vav3 was
upregulated in GC cells, and when expression of endogenous
Vav3 was inhibited, the growth and migration of GC cells was
also inhibited [14]. However, expression of Vav3 and its bio-
logical function in apoptosis remains halfway in GC, so we
observed expression of Vav3 in GC tissues and cell lines in
this study. Specific small interfering RNA (siRNA) was
employed to knockdown the expression of endogenous
Vav3, leading to decreased activity of GC cell line MGC803
and significantly increased apoptosis. The results suggest
that overexpressed Vav3 in GC cells inhibits apoptosis
of GC.

Materials and methods

Patients and tissue specimens

Fifty-five cases (38 males and 17 females, with a mean age of
61.8±10.2 years) of GC that had been surgically removed and
pathologically confirmed were obtained from the Fourth
Affiliated Hospital of Hebei Medical University from
January 2014 to August 2014. All these patients did not re-
ceive preoperative treatment including chemotherapy, radio-
therapy, or biotherapy for GC. One piece of tissue (approxi-
mately 1.0×0.5×0.5 cm) from both cancerous and adjacent
normal tissues (over 2 cm off the edge of cancerous tissues; it
was confirmed pathologically after surgery that no cancer cell
was found) was harvested. Each specimen was divided into
two parts, from which one part was fixed with 10 % of neutral
formalin, embedded with paraffin, and then cut serially with
the thickness of 4 μm for immunohistochemistry (IHC); the
other part was stored at −80 °C for real-time fluorescent quan-
titative PCR (qPCR) and Western blotting.

Cell lines and reagents

Gastric cancer cell lines AGS, OCUM-2MD3, SGC7901,
BGC823, MGC803, MKN28, and MKN45 and gastric epi-
thelial cell line GES-1 were purchased from Cell Resource
Center of Shanghai Institutes for Biological Sciences,
Chinese Academy of Sciences (Shanghai, China); RPMI
1640 culture medium and trypsin were from Gibco
Company; and Trizol reagent and Lipofectamine™ 2000
transfection reagents were purchased from Invitrogen.
Reverse transcription kit and fluorescence quantitative RT-
PCR (qPCR) reagents were purchased from Promega
Corporation, USA; PCR primers and small interfering RNA
were synthesized by the Shanghai Biological Engineering Co.

(China); protein extraction kit was purchased from Bio-Rad
company, USA; Vav3, Survivin, x-IAP, Livin, caspase-3, p53,
Bcl-2, Bax, ERK1/2, JNK, and p38MAPK in mitogen-
activated protein kinase (MAPK) signaling pathways and their
phosphorylated antibodies, as well as the internal standard β-
actin antibody were purchased from Santa Cruz, USA; and
MTT was purchased from Sigma, USA. Flow cytometer
(Epics-XL, typeII) was the product from Beckman Coulter,
USA.

Detection of Vav3 protein with IHC assay

Expressions of Vav3 in GC tissues and adjacent cancer tissues
was examined with IHC assay (two-step), which was operated
strictly in accordance with the instructions in the kit. Vav3
protein was positive if brown granules appeared in the cyto-
plasm. Five visual fields were observed randomly under mi-
croscope at ×400, and 100 cells were counted in each field.
Secondary scoring method was employed: First, cells were
scored based on the staining intensity: 0 for colorless, 1 for
pale yellow, 2 for brownish yellow, and 3 for tan; second,
positive cells were scored by percentage: 0 for positive cells
<25 %, 1 for those between 25 and 50 %, 2 for those between
51 and 75 %, and 3 for those >75 %. The sum of staining
intensity and the percentage of positive cells was regarded as
expression results, with 0 as negative (−), 1–2 as weakly pos-
itive (+), 3–4 as positive (++), and 5–6 as strongly positive
(+++).

Cell culture and treatment

Human GC cell lines and gastric epithelial cell line GES-1
were cultured in RPMI 1640 (Invitrogen) containing 10 %
fetal calf serum, 100 U/ml penicillin, 100 mg/ml streptomy-
cin, and incubated at 37 °C supplemented with 5 % of CO2.
Trypsin solution (0.25 %) containing 0.02 % of EDTA was
applied for trysinze and split cells.

RNA extraction and real-time fluorescent qPCR

Total RNAs of tissues or cell lines were isolated using Trizol
reagent, and 2-μg RNAwas reverse transcribed to synthesize
template cDNA. Twomicroliters of reverse transcription prod-
uct was detected by PCR to get the expression levels of
mRNA in target molecules, and GAPDH served as an internal
reference gene. According to kit instructions, we established
PCR reaction with a final volume of 20 μl, 2-μl reverse tran-
scription product, 10-μl SYBR Green Mix (Applied
Biosystems, Foster City, CA), and 0.5-μl of both upstream
and downstream primers (10 μmol/l), deionized water (7
μl). PCR reaction started with 1 cycle of 95 °C for 5 min,
followed by 45 cycles of 3 steps as 94 °C for denaturation
for 30 s and 60 °C for annealing for 30 s. Primers were

7824 Tumor Biol. (2016) 37:7823–7833



designed by using Primer 5.0 and detected for specificity in
Blast comparison test for the experiments, and primers were
synthesized with the sequences as follows:

Vav3 : 5 ′ -CAAATTCACCGAGATCCTGT-3 ′
(F) and 5′-TGCTGGAGTGCTGTACGAAA-3′ (R)
Survivin: 5′-GCCAGATTTGAATCGCGGGA -3′
(F) and 5′-GCAGTGGATGAAGCCAGCCT -3′ (R)
x - IAP: 5 ′ -CCGTGCGGTGCTTTAGTTGT-3 ′
(F) and 5′-TTCCTCGGGTATATGGTGTCTGAT-3′ (R)
Liv in : 5 ′ -TCCACAGTGTGCAGGAGACT-3 ′
(F) and 5′-ACGGCACAAAGACGATGGAC-3′ (R)
caspase-3: 5′-AGAGCTGGACTGCGGTATTGAG-3′
(F) and 5′-GAACCATGACCCGTCCCTTG-3′ (R)
p53 : 5 ′ -GTACCGTATGAGCCACCTGAG-3 ′
(F) and 5′-CGTCCCAGAAGATTCCCAC-3′ (R)
Bc l - 2 : 5 ′ -TGTGTGGAGAGCGTCAACC-3 ′
(F) and 5′-TGGATCCAGGTGTGCAGGT- 3′ (R)
Bax : 5 ′ - TTTCTGACGGCAACTTCAAC-3 ′
(F) and 5′-AGTCCAATGTCCAGCCCAT- 3′ (R)
GAPDH: 5′-GACCCCTTCATTGACCTCAAC-3′
(F) and 5′-CGCTCCTGGAAGATGGTGAT-3′
RT-PCR results were detected by 1.5 % agarose gel elec-
trophoresis, and quantitative PCR results were calculated
utilizing the 2−ΔΔCt method.

Western blotting analysis

Total proteins from clinical tissue samples or cultured cell
samples were extracted. After protein quantification, 60-μg
protein samples in each group were electrically transferred to
a PVDF membrane after gel electrophoresis with 12 % poly-
acrylamide. They were added with 5 % skim milk powder
supplemented with Tris-buffered saline with Tween 20
(TBST), closed at room temperature for 1 h, incubated with
diluted target molecule primary antibody or internal reference
β-actin primary antibody overnight at 4 °C, and rinsed three
times with TBST. Appropriate peroxidase-labeled secondary
antibody was added for incubation at room temperature for 1
h; chemiluminescence was employed for coloration and bands
underwent scanning for integral absorbance.

siRNA transfection

Vav3 specific small interfering RNA (Vav3-siRNA) sequence
was synthesized by Shanghai Sangon, and the sequence were
as follows:

siRNA#1: 5′-GACAGCAGCAGAATTTGATTCAGTA-3′
siRNA#2: 5′-GAGCAATGGAAAGATTGCAAGCAGA-3′
siRNA#3: 5′-CCCAGTTTCTCTGTTTGAAGAACAT-3′

Control siRNA (Non siRNA): 5′-CCCTTCTCTGTTT
GTAAAGAGACAT-3′

Before transfection, the synthesized siRNA was dissolved
in solution at a concentration of 20 μmol/l. MGC803 cells
were seeded in 6-well plates with the density of 4×105/ml
for 24 h. Prior to transfection, cells were rinsed with serum-
free and antibiotics-free RPMI 1640. According to the reagent
instructions or by comparing control siRNA and the corre-
sponding proportion, Vav3-siRNA diluted with serum-free
and antibiotics-free RPMI 1640 was transfected into
Lipofectamine™ 2000. It was held and then transfected into
MGC803 cells. Twenty-four hours after transfection, the
transfection efficiency was tested for subsequent experiments.

Cell survival test of MTT assay

MGC803 cells were trypsinized using 0.25 % containing 0.02
% of EDTA andwere seeded in 96-well plates with the density
of 5×104 cells/mL. Cells at a confluency of 60 to 70 % or
compared with control siRNA were transfected with Vav3-
siRNA. Six replicate wells were made in each group. Four
hours before the end of experiment, 20 μl of MTT with a
concentration of 5 mg/mL was added to each well. After 4
h, the culture medium was discarded, and 150 μl of DMSO
was added in each well and shaken at room temperature for 15
min. Absorbance value (OD) at a wavelength of 490 nm was
measured by a microplate reader. The above experiment was
repeated three times. Growth inhibition rate (%) = (1
− experimental group OD value / control group OD val-
ue)×100 %.

FCM assay (Annexin V/PI technique)

Quantitative apoptotic cell was measured by using anAnnexin
V-FITC/PI detection kit (Jiamei, Beijing, China), according to
the manufacturer’s instruction. Briefly, cells were harvested
and resuspended in binding buffer (106 cells/mL). After addi-
tion of 5-μl Annexin V-FITC and 10 μl of propidium iodide
(PI) with mixing, the tubes were incubated for 15 min at room
temperature in the dark. Annexin V-FITC binding was detect-
ed by a FACSCalibur cytometer (Becton Dickinson, USA).
The data was analyzed by the Cell Quest software.

Statistical analysis

Experimental results were expressed with expressed
±standard deviation (x� s ), and SPSS 13.0 was used for
the ANOVA analysis and Dunnett test. A P value of <0.05
indicated a significant difference.
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Fig. 1 Vav3 expression in gastric
cancer tissues and adjacent cancer
tissues. Clinical samples of gastric
cancer tissues and adjacent cancer
tissues were subjected to qPCR
(a), IHC (b), and Western blot (c)
assays to determine the
expression levels of Vav3. The
relative mRNA expression level
was shown in a and protein levels
in c. Vav3 expressions of IHC in
gastric cancer tissues and adjacent
cancer tissues were shown in b
(×400), and in gastric cancer
tissues, strong expression of Vav3
protein was shown as a, weak
expression as b; in adjacent
cancer tissues positive expression
of Vav3 protein was shown as c,
negative expression as d. Values
were shown as mean ± SD, for
tissue samples n= 55. *P< 0.05
versus adjacent cancer tissues
group
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Results

Expression of Vav3 in GC (qPCR and IHC, Western blot)
and the relationship between Vav3 protein (IHC)
and clinicopathological characteristics

qPCR results demonstrated that, compared with adjacent can-
cer tissues, mRNA level of Vav3 was higher in GC tissues
(P<0.05), as shown in Fig. 1a. IHC andWestern blot analysis
showed that protein level of Vav3 in GC tissues was signifi-
cantly higher than that in adjacent tissues, as shown in Fig. 1b,
c. Results of IHC showed that Vav3 protein were mainly
expressed in cytoplasm of cells, and generally diffused distri-
bution was shown (Fig. 1b), and positive expression rate of
Vav3 protein in GC group (IHC) was 70.91 % (39/55), which
was significantly higher than that in the adjacent tissues (14.55
%, 8/55) (Χ2 =35.70, P<0.001). Results showed that Vav3
expression (IHC) had no significant correlation to the patient’s
gender and age (Χ2=1.742, P=0.187; Χ2=1.408, P=0.236),
and it also had no correlation to nerve/vessel invasion
(Χ2 = 0.234, P = 0.629) nor TNM stages (Χ2 = 1.661,
P=0.198). Vav3 expression was related to degree of histolog-
ical differentiation, cancer invasion depth, and lymphatic me-
tastasis: that was, Vav3 expression was increased with reduc-
tion in the degree of tumor differentiation (Χ2 = 7.185,
P=0.007); Vav3 expression in patients with tumor invasion
reached T1/T2 was significantly lower than that in patients
with tumor invasion that was limited to the T3/T4
(Χ2= 18.654, P<0.001); Vav3 positive expression rate in
GC patients without lymph node metastasis was significantly
lower than in patients with lymph nodemetastasis (Χ2=5.058,
P=0.025) (Table 1).

Expression of Vav3 in gastric cell lines (qPCR
and Western blot)

Detection of cell lines indicated that mRNA and protein levels
of Vav3 are variable in different human GC cell lines, gastric
epithelial cell line GES-1. Out data showed Vav3 had the
highest mRNA and protein levels in MGC803, while gastric
epithelial cell line GSE-1 had the lowest Vav3 expression
(Fig. 2a, b). Then, MGC803 was selected for subsequent
study.

Vav3-siRNA inhibition to Vav3 in MGC803 cells

Three Vav3-siRNAs with different sequences were transfected
into MGC803. Cells transfected with control siRNA (Non
group) was utilized as a negative control. qPCR and Western
blot analysis showed that expression level of Vav3 did not
change after being transfectedwith control siRNA (Non group);
after being transfected with three Vav3-siRNAs, mRNA and
protein levels of Vav3 in MGC803 cells were all decreased,

among which in MGC803 cells transfected with Vav3-
siRNA-3, Vav3 decreased most significantly (Fig. 3a, b).
Different doses of Vav3-siRNA-3 were utilized to transfect
cells, and qPCR and Western-blot analysis showed that
expression of Vav3 was reduced in a dose-dependent man-
ner (Fig. 3c, d) (all P< 0.05). In subsequent sections, Vav3-
siRNA-3 was described as Vav3-siRNA.

Vav3-siRNA transfection to MGC803 cell activity (MTT
assays)

After different doses of Vav3-siRNA, including 20, 40, and
80 nM, were used to transfect MGC803 cells, MTT detect-
ed changes in cell activity. Compared with the control
siRNA (Non group) transfected with control siRNA, inhi-
bition of cell proliferation in MGC803 transfected with
Vav3-siRNA was increased in a dose-dependent manner
(P< 0.05) (Fig. 4).

Influences of Vav3-siRNA to the MGC803 apoptosis
(FCM result)

Twenty-four hours after 80 nM of Vav3-siRNA was
transfected into MGC803 cells, changes in cell apoptosis
ability were detected by flow cytometry (FCM). The

Table 1 Relationship between Vav3 protein (IHC) in gastric cancer and
patients’ clinicopathological characteristics (n= 55)

Clinical feature Positive
(39)

Negative
(16)

Χ2 P

Sex

Male (38) 29 9 1.742 0.187

Female (17) 10 7

Age

≥60 (24) 19 5 1.408 0.236

<60 (31) 20 11

Tumor differentiation

Highly/moderately (37) 22 15 7.185 0.007

Poorly/undifferentiated (18) 17 1

Depth of invasion

T1/T2 (9) 1 8 18.654 <0.001

T3/T4 (46) 38 8

Lymphatic metastasis

Positive (42) 33 9 5.058 0.025

Negative (13) 6 7

Nerve /vessel invasion

Invaded (18) 12 6 0.234 0.629

Not invaded (37) 27 10

TNM stages

I–II (21) 17 4 1.661 0.198

III–IV (34) 22 12
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results manifested that, compared with the control siRNA
(Non group), apoptosis rate of GC cells transfected with
Vav3-siRNA was significantly increased after transfection
(Fig. 5) (P< 0.05).

Influences of Vav3-siRNA to apoptosis related genes
in MGC803 cells

We used qPCR and Western blot to detect expression of
apoptosis-related genes. Eighty nanomolars of Vav3-siRNA
or control siRNA was transfected into MGC803 cells. After
24 h, expressions of Survivin, xIAP, Livin, caspase-3, p53,
Bcl-2, and Bax were detected. The results showed that
mRNA and protein levels of apoptosis-related genes
Survivin, xIAP, and Bcl-2 significantly decreased, while
mRNA and protein levels of caspase-3 and Bax significantly
increased; expressions of Livin and p53 had no obvious
changes (P>0.05) (Fig. 6).

Influences of Vav3-siRNA to MAPK signaling pathways
in MGC803 cells

Western blot was employed to detect changes of expression
levels and total protein levels in phosphorylation of ERK1/2,
JNK, and p38 of Vav3-siRNA-transfected MGC803 cells. The
results showed that compared with Non group, the total protein
level of signaling pathways mentioned above had no obvious
changes in the Vav3-siRNA group, and phosphorylation levels
of JNK and p38MAPKwere not significantly different, where-
as phosphorylation levels of extracellular signal regulated ki-
nase (ERK) were significantly lowered (Fig. 7) (P<0.05).

Discussion

GC is the most common digestive cancer in China. The mor-
tality rate of GC is high among various malignant tumors and

Fig. 2 Vav3 expression in gastric
cell lines. Gastric cell lines
GES-1, AGS, OCUM-2MD3,
SGC7901, BGC823, MGC803,
MKN28, and MKN45 cell lines
were subjected to qPCR (a) and
Western-blot (b) assays to
determine the expression levels of
Vav3. The relative mRNA
expression levels were shown in
a, and protein levels in b. Values
were shown as mean ± SD, n= 4
in each group. *P< 0.05 versus
control group (GES-1 group).
Highest Vav3 levels (both mRNA
and protein) were discovered in
MGC803 cells
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seriously threatens the life and health of people [15, 16]. The
main mechanism of GC is the activation of oncogenes and
inactivation of tumor suppressor genes. Study has proved
Vav3 gene was upregulated in GC [14]. Our present study also
found that high expression of Vav3 in GC tissues and cell lines
and Vav3 expression was related to degree of histological
differentiation, cancer invasion depth, and lymphatic metasta-
sis, which suggested that Vav3 played a key role in promoting
the development and progression of GC. After siRNA tech-
nology was applied to inhibition of expression of endogenous
Vav3 in GC MGC803 cells, decreased cell growth capacity
and increased apoptosis rate of GC cells were discovered,
which confirmed Vav3 could promote cell growth and also
induced apoptosis of GC cells, providing an experimental

basis for exploring the mechanism of GC and targeted gene
therapy.

Vav3 gene, located on chromosome 1, encodes a protein of
847 amino acid with a molecular mass of 97.8 kD. Vav3 is
able to regulate various signaling pathways through modulat-
ing activities of members of the Rho family. According to
report, the major downstream signaling pathways affected
by Vavs are MAPK and PI3K-Akt [17, 18], which are essen-
tial for the development of the body. Results of animal studies
have confirmed that Vav3 plays important roles in the pathol-
ogies of nervous system and cardiovascular system, and the
defect of Vav3 expression could lead to abnormality of sym-
pathetic nerve and cardiovascular system [19, 20]. Therefore,
it is of importance in the field of cancer research to character-
ize and identify biological functions of Vav3 in the pathogen-
esis of malignant tumor.

RNA interference (RNAi) technique is able to maintain
transcriptional silencing of specific genes by delivering spe-
cific double-stranded RNA into cells. siRNAs have common-
ly been employed as reverse genetic methods to study the
biological functions of target genes in vitro and in vivo in
recent years due to the specificity, efficiency, and persistence
of the technology [21]. In present study we found that inhibi-
tion of high expression of Vav3 in GC cell line MGC803 by
siRNA resulted in alterations on growth and apoptosis of
MGC803 cells. It has been reported that Vav3 plays a role in
prostate cancer and breast cancer proliferation [11, 13]. Other
studies also show that Vav3 functions in apoptosis in bladder

Fig. 3 Vav3-siRNA
downregulates Vav3 expression
in MGC803 cells. Cells were
transfected with different
sequence of Vav3-siRNA
(s1, s2, s3) or control NS-siRNA
(Non group) (a, b), alternatively.
Cells were transfected with
different amount of the sequence
of Vav3-siRNA-3 for 24 h (c, d),
the expression of Vav3 were
identified by qPCR and Western
blot, and the expression levels
were represented as results of
c (mRNA) and d (proteins).
*P< 0.05 versus Non group

Fig. 4 Effects of Vav3-siRNA on the activity of gastric cancer cell line
MGC803 (MTT assay). Cells were transfected with Vav3-siRNA or
control NS-siRNA, and then were subjected to MTT assay to show
inhibition rates of Vav3-siRNA to MGC803 cells. The results showed
that inhibition rate was reduced in a concentration-dependent manner
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cancer [17, 22] and breast cancer [23]. Flow cytometry results
of this study displayed that when Vav3-siRNA inhibited Vav3
in MGC803 cells. After transfection with Vav3-siRNA, apo-
ptosis rate of GC cells was significantly increased, suggesting
that Vav3 overexpression enhanced apoptosis resistance of
GC cells.

Mechanism of tumor cell apoptosis is extremely complicat-
ed, with many genes involved in different manners. Bcl-2
family members in mitochondrial pathway play an important
role in this process. Bcl-2 is able to enhance the apoptotic
resistance of tumor cells in a variety of ways. Bcl-2 can be
combined with Bax to form Bcl-2/Bax dimers, and changes in
the ratio of Bcl-2/Bax make a difference in tumor cell apopto-
sis [24–26]. p53 is the most researched tumor gene, and wild-
type p53 can promote tumor cell apoptosis, and mutant tumor
p53, a key factor in carcinogenesis, has more effects on inhi-
bition of apoptosis [27, 28]. Apoptosis inhibition protein fam-
ily play key roles in inhibition of tumor cell apoptosis path-
way, and Survivin, x-IAP, and Livin in the family have a
strong suppression of apoptosis [29–34]. Caspase family is
the core in apoptosis, which can directly induce apoptosis,
and caspase-3 is one of the mainmembers [35, 36]. The results
of this study showed that after Vav3 expression was inhibited,

expression of Survivin, x-IAP, and Bcl-2 were decreased, ex-
pressions of caspase-3 and Bax increased, and expressions of
Livin and p53 had no obvious change, which indicated Vav3
gene was closely related to GC cell apoptosis. Its regulation
mechanism may be caused by regulating genes in mitochon-
drial pathway and inhibition of apoptosis pathway.

Studies have shown that Vav3 regulatory mechanisms are
in connection with MAPK [17, 37] signaling pathway, and the
MAPK pathway is closely related to apoptosis of tumor cells
[38]. MAPK, a serine/threonine protein kinase and a main
signal system in eukaryotes, could transduct the signal of ex-
tracellular stimuli to induce basic physiological response in-
tracellularly. It has been identified that three MAPK signal
transduction pathways were present in eukaryotic cells, name-
ly ERK pathway, c-jun N-terminal kinase (JNK)/stress-acti-
vated protein kinase (SAPK) pathway, and p38 MAPK path-
way [39]. In order to clarify which of the above pathways is
related to Vav3 in MGC803 for apoptosis, we examined these
key molecules associated with cell in signaling pathways. The
results showed that silencing Vav3 expression inhibits activa-
tion of ERK phosphorylation, without affecting changes in
other signaling pathways. We conclude that Vav3 gene might
be invovled in apoptosis of GC cells through ERK pathway

Fig. 5 Effects of Vav3-siRNA on
the cell apoptosis of gastric cancer
cell line MGC803 (FCM assay).
Cells transfected with
Vav3-siRNA or control
NS-siRNAwere also tested by
FCM. Apoptosis rates were
shown as a (histogram of
apoptosis rates) and b (figure of
apoptosis in each group).
*P< 0.05 versus Non group
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regulation, whereas detailed molecular mechanism in the pro-
cess should be evaluted in future study.

In conclusion, this study has found that Vav3 upregulation
in GC tissues and cells and siRNA-mediated Vav3 expression
silencing inhibits cell growth and promotes apoptosis through
upregulation of caspase-3 and Bax, and downregulation of
Survivin, x-IAP, and Bcl-2. Although the exact mechanism
still needs further study, these results have suggested that
Vav3 may act as an oncogene in the development of GC and
could be employed for targeting Vav3 as a potential therapeu-
tic treatment of human GC.

Fig. 7 Inhibition of Vav3 expression affected MAPK pathway in
MGC803 gastric cancer cells. MGC803 cells were transfected with
Vav3-siRNA or control NS-siRNA, and then the expression and
phosphorylation of MAPK pathway molecules were assayed by Western
blot. Values were presented as mean ± SD. *P< 0.05 versus Non group

Fig. 6 Effects of inhibiting Vav3 on the apoptosis-related genes of gas-
tric cancer cell line MGC803. Cells were transfected with Vav3-siRNA
or control NS-siRNA (Non group), then were subjected to qPCR (a) or
Western blot (b) assays to detect the mRNA or protein expression levels
of Survivin, xIAP, Livin, caspase-3, p53, Bcl-2, and Bax. *P < 0.05
versus Non group

R
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