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Abstract: Gastric carcinoma is one of the most lethal malignancies of cancers and its prognosis remains dismal 
due to the paucity of effective therapeutic targets. Herein, we showed that HRAS is markedly up-regulated in gastric 
carcinoma. Prognostic analysis indicated that HRAS expression might be a prognostic indicator for the survival of 
patients with gastric carcinoma. Ectopic expression of HRAS in gastric carcinoma cells accelerated proliferation, 
migration, invasion, angiogenesis, and clone formation ability of gastric carcinoma cells in vitro. Furthermore, HRAS 
over-expressing significantly promoted the tumorigenicity of gastric carcinoma cells in vivo whereas silencing en-
dogenous HRAS caused opposite outcomes. Moreover, we demonstrated that HRAS enhanced gastric carcinoma 
aggressiveness by activating VEGFA/PI3K/AKT pathway and Raf-1 signaling. Together, our results provide new evi-
dence that HRAS overexpression promotes the progression of gastric carcinoma and might represent a novel thera-
peutic target for its treatment.
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Introduction

Gastric carcinoma remains one of the most 
common malignant solid cancer and a world-
wide major public health concern [1]. Gastric 
carcinogenesis is a complex phenomenon in- 
volving multiple epigenetic and genetic fac- 
tors; several genetic, environmental and in- 
fectious agents interact causing a cumula- 
tive effect in the early steps of gastric carci- 
nogenesis [2]. Despite improvement in surgi- 
cal morbidity and mortality, as well as signifi-
cant advancement of chemotherapy and radio-
therapy options, its incidence and the survi- 
val for gastric cancer patient has not signifi-
cantly improved over the past decades [3]. 
Therefore, it is of great clinical value to ex- 
plore the molecular mechanisms in develop-
ment of gastric carcinoma and identify effec-
tive treatment strategies to improve the survi- 
val rate for gastric carcinoma patients [4].

There is mounting evidences suggest that poor 
therapeutic efficacy and the dismal overall  

survival rate of gastric carcinoma patients are 
associated with aberrantly activated signal- 
ing pathways. RAS proteins (HRAS, KRAS and 
NRAS) are small GTPases that cycle between 
inactive guanosine diphosphate (GDP)-bound 
and active guanosine triphosphate (GTP)-bound 
conformations [5]. Dysregulation of this path-
way is frequently observed in several cancers 
including gastric cancer. The RAS signaling pa- 
thway is activated by several cellular stimuli 
regulating various physiological functions such 
as cell growth, cell survival, cell cycle progres-
sion, protein translation, and metabolism [6]. 
RAS activity regulates a complex signaling net-
work including the RAF-MEK-ERK cascade, the 
phosphatidylinositol 3-kinase (PI3K) pathway 
and the effector family of exchange factors for 
the RAL small GTPases. Through the combined 
action of these signaling pathways, expression 
of activated mutant RAS is thought to promote 
several of the characteristics of malignant 
transformation [7]. The KRAS oncogene is one 
of the most frequently mutated genes in human 
cancer, being altered in approximately 20% of 
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all human tumors. Oncogenic forms of mutant 
KRAS is arguably the most studied oncoge- 
ne [8]. Therefore, clearly there is a lot known 
about this molecule. NRAS mutations are found 
in various malignancies including melanoma 
(20%), adenocarcinoma of the lung (1%), neuro-
blastoma (0.83%) and cutaneous T-cell lympho-
ma (4%) [9]. NRAS mutations sensitize towards 
inhibition of MEK in cutaneous T-cell lympho-
ma, lung cancer and neuroblastoma cell lines. 
Mutations of NRAS are found at typical hotspots 
including codon 12, 13 and 61 which results in 
G12C/S, G13R/V and Q61R/L mutations [10]. 
These mutations block GTPase activity and 
lock the RAS isoforms in continuous activation 
in which they signal to downstream effectors 
such as MEK and ERK. Several studies could 
show that mutant NRAS activates the PI3K/
mechanistic target of rapamycin (mTOR)-signal-
ing cascade in melanoma and lung cancer [11]. 
Direct targeting of mutant NRAS by farnesyl-
ation inhibitors have failed but blocking down-
stream MEK kinase by MEK kinase inhibitors 
was successful in a preclinical setting.

Nevertheless, recent observations have shed  
a new light on the mechanisms involved in 
HRAS mediated oncogenesis that emphasize 
the importance of HRAS activity. Among the 
three RAS genes (H-, K-, and N-RAS), HRAS is 
commonly mutated in tumors originated from 
stratified epithelial tissues including squa- 
mous cell carcinoma in the skin, head, and 
neck cancer as well as bladder cancer [12]. 
Histological subtypes could play a role as a 
report described a high frequency of HRAS 
mutations in inverted urothelial papilloma (IUP) 
-an uncommon neoplasm of the urinary blad-
der with distinct morphologic features. In addi-
tion, HRAS mutations seem to be more fre-
quent in squamous cell cancer of the lung 
(2.8%) than in adenocarcinoma of the lung (1%) 
[13]. Experimental and genomic sequencing 
studies have revealed that the vast majority of 
RAS mutations are missense, point mutations 
at amino acid residues glycine 12 (G12), glycine 
13 (G13), or glutamine 61 (Q61) [14]. Wild-Type 
HRAS suppresses the earliest stages of tu- 
morigenesis in a genetically engineered mouse 
model of pancreatic cancer. These promising 
results establish a role of HRAS in tumors. 
HRAS pathway would provide a promising tar-
get for cancer therapy is currently under pre-
clinical and early preclinical investigation. Fur- 
ther, little is known about signaling of oncogen-
ic HRAS in gastric carcinoma.

In the present study, we reported that HRAS 
expression was significantly up-regulated in 
gastric carcinoma, and was associated with  
the clinical prognosis of gastric cancer. Over- 
expression of HRAS promoted the proliferation, 
metastasis and angiogenesis of gastric car- 
cinoma cells, whereas silencing endogenous 
HRAS caused an opposite outcome. Our find-
ings suggest that HRAS plays critical oncogenic 
role in human gastric carcinoma progression 
and highlights its potential as a target for 
patient therapy.

Materials and methods

Cell lines

Human gastric carcinoma cell lines BGC-823, 
SGC7901, MGC-803, MKN-28, and MKN-45 
were purchased from American Type Culture 
Collection (ATCC, Manassas, VA, USA). All can-
cerous cell lines were grown in RPMI-1640 or 
DMEM (Thermo Scientific, MA, USA) supple-
mented with 10% FBS (Hyclone, Rockford, IL, 
USA) and 100 units/ml penicillin and strepto-
mycin. Non-tumorigenic gastric epithelial cells 
GES-1 used as control were obtained from  
the Chinese Academy of Sciences Cell Bank of 
Type Culture Collection (CBTCCCAS, Shanghai, 
China). All cell lines were maintained in a hu- 
midified incubator with 5% CO2 at 37°C.

Vectors, retroviral infection and transfection

A HRAS expression construct was generated  
by subcloning PCR-amplied full-length human 
HRAS cDNA into the pMSCV retrovirus plasmid. 
Stable cell lines expressing HRAS were sele- 
cted for 10 days with 0.5 μg/ml puromycin 48  
h after infection. HRAS expression in MKN- 
28 cells was knocked down using siRNA. The 
HRAS and non-targeted RNA were obtained 
from GenScript (Nanjing, China). The sequence 
of HRAS siRNA was: 5’-GUAUGAGUAUGACUUU- 
GAAUU-3’. The siRNAs were transfected to cells 
according to the manufacturer’s instruction. 
The expression levels of HRAS were examined 
using a western blot after 48 h. The growth 
rates were examined daily using an 3-(4,5- 
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay for 3 days. Transfection  
of siRNA or plasmids was performed using the 
Lipofectamine 2000 reagent (Invitrogen, Carls- 
bad, CA) according to the manufacturer’s in- 
struction.
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Oncomine analysis

The expression level of HRAS genes in the 
selected cancers was analyzed using Oncomine 
(https://www.oncomine.org). For this, we com-
pared clinical specimens of gastric cancer vs. 
normal patient datasets. In order to reduce our 
false discovery rate, we selected P < 0.01 as a 
threshold [15].

Cell viability assay

Briefly, cells (3 × 104 cells per well) were  
seeded in 96-well plates. After 48 hours. Cell 
viability was measured by 3-(4,5-dimethyl-2- 
thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide 
(MTT) assay and the optical density (OD) was 
then measured at 450 nm using a Spectra  
MAX M5 micro-plate spectrophotometer (Mo- 
lecular Devices, Sunnyvale, CA, USA). Three in- 
dependent experiments with triplicate were 
carried out.

Wound healing assay

We examined the migration of cells using a 
wound-healing assay. Briefly, cells were each 
grown on 6-well plates. After the growing cell 
layers had reached confluence, we inflicted a 
uniform wound in each plate using a pipette tip, 
and washed the wounded layers with phos-
phate buffer saline (PBS) to remove all cell 
debris. We evaluated the closure at 48 h using 
bright-field microscopy [16]. The relative wound 
area was obtained by quantitatively analyzing 
the areas in the scratch overlapped by cells 
using Image Pro-plus (IPP) software.

Invasion assay

Cells were then seeded on the upper cham- 
ber of Boyden (8 μm; BD Biosciences) and 
allowed to invasive to the lower chamber. After 
6 hours incubation, noninvasive cells were re- 
moved with cotton swabs, and invasive cells 
were fixed with cold 4% paraformaldehyde and 
stained with 1% crystal violet. Images were 
taken using a ZEISS digital microscope and 
invading cells were counted by manual count-
ing in random 5 fields [17]. Three independent 
experiments with triplicate were carried out.

Colony formation assay

Cells were digested in 0.25% trypsin to recon-
stitute the single-cell suspension at a density 

of 1 × 105 cells per ml. Cells then were plated 
onto a 6-well tissue culture plate in complete 
medium and incubated at 37°C. Cells were 
allowed to grow in complete medium at 37°C 
and at an atmosphere of 5% CO2 for 14 days. 
The supernatants were discarded, and cells 
were rinsed in PBS for twice and fixed in me- 
thanol for 10 min. Then cells were fixed and 
stained with 1% crystal violet and allowed to  
air dry at room temperature. The experiments 
were triplicated and the numbers of colonies 
containing more than 50 cells were microsco- 
pically counted to calculate the colony forma-
tion rate as number of colonies.

Chicken chorioallantoic membrane (CAM) as-
say

CAM assay was performed at day 8 of ferti- 
lized chicken eggs using a method previous- 
ly described. A 1.0-cm diameter window was 
opened on the egg shell (Hongwei Chicken 
farm, Luhe District Nanjing, China). The surface 
of the dermic sheet on the floor of the air sac 
was removed to expose the CAM. A 0.5-cm 
diameter filter paper was first placed on top  
of the CAM, and 100 μl conditioned medium 
from HRAS over-expression cells or cells HR- 
AS siRNA was added onto the center of the 
paper. After the window was closed with steri- 
le adhesive tape, the eggs were incubated at 
37°C under 80-90% relative humidity for 4 
days [18]. Following fixation with stationary 
solution (methanol:acetone = 1:1) for 15 min, 
the CAMs were cut and harvested, and gross 
photos of each CAM were taken with ZEISS di- 
gital microscope.

ELISA

Cells (7 × 105) were plated in six-well dishes. 
Supernatants were collected and ELISA for 
VEGFA was performed with a Quantikine immu-
noassay kit (DVE00; R&D Systems) following 
the manufacturer’s instructions.

Western blotting analysis

Proteins were resolved by SDS-PAGE and trans-
ferred to Immobilon-P-membrane (Millipore, 
Billerica, MA). After blocking, the membrane 
was incubated with primary antibodies against 
HRAS (Abcam, USA; 1:1000), p-PI3K p55Tyr199, 
PI3K, p-AKTSer473, AKT, p-GSK-3βSer9, GSK-3β, 
p-NF-κB p65Ser536, NF-κB p65, p-Raf-1Ser289, Raf-
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1, p-ERK1/2Thr202/Tyr204, ERK1/2, p-MEK1/2Ser221, 
MEK1/2, p-p38 MAPKThr180/Tyr182, p38 MAPK, 
and VEGFA antibodies (Cell Signaling, Danvers, 
MA, USA). After washing, the membranes were 
incubated with HRP-labeled Goat Anti-Rabbit 
IgG (Abcam, USA; 1:1000) and signals were 
detected using the ECL Western blot detection 
system. β-Tublin antibody (Sigma, Saint Louis, 
MI) was used as the protein loading control.

Real-time PCR

Total RNA was isolated using TRIzol accor- 
ding to the manufacturer’s instructions (Invi- 
trogen, USA) and the concentration of total  
RNA was detected by spectrophotometry at 
OD260. Reverse transcription (RT) was carri- 
ed out using superscript III reverse transcrip-
tase (Invitrogen, USA) as described in the ma- 
nufacturer’s manual. The real-time PCR was 
performed on ABI Prism 7500 Sequence de- 
tection system (Applied Biosystems, CA) with 
the KAPA SYBR® qPCR Kit (KAPA Biosystems, 
USA) according to the manufacturer’s instru- 
ctions. The primers used were as follow: HR- 
AS sense, 5’-CCCTTGGGTGTCAAAGGTAAA-3’ 
and antisense, 5’-AAACTGATGCGTGAAGTGCTG- 
3’; β-actin sense, 5’-GCGAGCACAGAGCCTCGC- 
CTTTG-3’ and antisense, 5’-GATGCCGTGCTCG- 
ATGGGGTAC-3’. The target mRNA level of con-
trol cells normalized to the level of β-actin 
mRNA, was defined as 1. Results were obtain- 
ed from three independent experiments.

Immunocytochemistry

After MKN-28 cells on glass coverslips were 
treated by indicated agents, they were fixed  
by pre-cold acetone, and then rinsed three 
times with PBS. The cells were permeabilized  
in 0.1% Triton X-100 and incubated with 1% 
BSA/PBS to block nonspecific binding. Subse- 
quently, the cells were immunostained by incu-
bating with rabbit monoclonal antibody against 
VEGFA (diluted 1:500, Epitomics) overnight at 
4°C. After being washed with PBS, cells were 
incubated with FITC-conjugated goat anti-rab-
bit secondary antibody (diluted 1:60, Boster 
Biotechnology, Wuhan, China). Nuclei were 
counterstained with Hoechst 33258 (Biotime 
Biotech, Haimen, China). Images were taken 
and analyzed using the ZEN 2011 imaging  
software on a Zeiss invert microscope (Carl- 
Zeiss, Hallbergnoos, Germany) under 400-fold 
magnification.

Cell immunohistochemistry

MKN28 for immunohistochemistry were grown 
to 60-80% confluence on glass coverslips. 
Subsequently, cells were washed three times 
with PBS and permeabilized in 0.1% Triton 
X-100 for 10 min. Cells were blocked for 1  
h in 5% IgG and protease-free BSA (Jackson 
ImmunoResearch) at room temperature and 
after another three washes incubated over-
night at 4°C in primary antibody supplement- 
ed with 0.5% BSA. Unless otherwise stated, 
VEGFA was stained with primary antibody (1: 
500, Invitrogen). The next day, cells were rin- 
sed three times in PBS and then incubated  
with the secondary antibody for 1 h at room 
temperature before being washed another 
three times. Images were taken using DAB 
chromogenic kit and analyzed using the ZEN 
2011 imaging software on a Zeiss invert mi- 
croscope (CarlZeiss, Hallbergnoos, Germany).

Xenografted tumor model, IHC, and H&E stain-
ing

BALB/c-nu mice (4-5 weeks of age, 18-20 g) 
were purchased from the Center of Experimen- 
tal Animal of Nanjing University of Chinese 
Medicine. All experimental procedures were 
approved by the Institutional Animal Care  
and Use Committee of Nanjing University of 
Chinese Medicine. The BALB/c nude mice were 
randomly divided into two groups (n = 6/group). 
One group of mice was inoculated subcut- 
aneously with MKN28/RNAi-vector cells (5 × 
106) in the left dorsal flank and with MKN- 
28/HRAS-RNAi cells (5 × 106) in the right dor- 
sal flank. Tumors were examined twice week- 
ly; length and width measurements were ob- 
tained with calipers and tumor volumes were 
calculated using the equation (L*W2)/2. On day 
25, animals were euthanized, tumors were 
excised, weighed and paraffin-embedded [19]. 
Serial 6.0 μm sections were cut and subject- 
ed to IHC analyzed using an anti-CD31, anti-
VEGFA, anti-PI3K and anti-AKT antibodies.

TUNEL staining

To detect apoptotic cells, TUNEL staining was 
performed using an In situ Apoptosis Detection 
Kit (Merck Millipore) according to the manufac-
turer’s protocol. The mice were sacrificed and 
tumor samples were collected and sectioned. 
DNA fragments were determined by terminal 
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deoxynucleotidyl transferase mediated dUTP 
nick end labeling (TUNEL) assay.

Statistical analysis

Statistical tests for data analysis included Fi- 
sher’s exact test, log-rank test, Chi-square test, 
and Student’s 2-tailed t test. Multivariate sta-
tistical analysis was performed using a Cox 
regression model. Statistical analyses were per- 
formed using the SPSS 11.0 statistical soft-
ware package. Data represent mean ± SD. P < 
0.05 was considered statistically significant.

Results

Over-expression of HRAS correlates with gas-
tric cancer poor prognosis

By analyzing the published mRNA express- 
ion profiles obtained from 22 gastric carcino- 
ma tissues and 8 normal tissues (NCBI/GEO/
GSE2685), we found that HRAS was marked- 
ly up-regulated in gastric cancer tissues com-
pared with normal tissues (Figure 1A). Con- 
sistently, real-time PCR and western blotting 
assays revealed that HRAS was significantly 

Figure 1. Overexpression of HRAS correlates with poor prognosis of gastric carcinoma. A. Expression profiling of 
mRNAs showing that HRAS was up-regulated in gastric carcinoma tissues compared to normal tissues (n = 30). B. 
Real-time PCR analysis of HRAS mRNA in one immortalized cell line and five gastric carcinoma cell lines. C. West-
ern blotting analysis of HRAS expression in one immortalized cell line GSE-1 and five gastric carcinoma cell lines, 
including BGC-823, SGC7901, MGC-803, MKN-28, and MKN-45. D. Box plots derived from gene expression data 
in Oncomine comparing expression of a specific HRAS gene in normal (left plot) and gastric carcinoma tissue (right 
plot). E. Kaplan-Meier plots shown overall survival in gastric carcinoma. In red: patients with expression above the 
median and in black, patients with expressions below the median. HRAS, P = 9 × 10-9.
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overexpressed in gastric cancer cell lines at 
both protein and mRNA levels, compared with 
the normal gastric cells GES-1 (Figure 1B and 
1C). Oncomine analysis of neoplastic vs. nor-
mal tissue from TCGA dataset [20] proved that 
HRAS was significantly overexpression in gas-
tric cancer (Figure 1D). Furthermore, Kaplan-
Meier analysis (http://kmplot.com) revealed 
that in overall cancer high levels of expression 
of HRAS correlate with low survival rate (Figure 
1E). These studies emphasized the importance 
the HRAS gene expression during gastric can-
cer progression.

Up-regulation of HRAS promotes the aggres-
siveness of gastric cancer cells

To investigate the biological role of HRAS up-
regulation in gastric carcinoma progression, 
MKN28 cell line that stably expressed HRAS 
were established. The transfection efficiency 
was confirmed by the expression of green fluo-
rescence protein (GFP) (Figure 2A). We future 
confirmed the overexpression of HRAS by west-
ern blot with HRAS antibody (Figure 2B) and 
PCR (Figure 2C). Uncontrolled, unlimited and 
accelerated multiplication and colony-forma-
tion ability are the most fundamental biologic 
behaviors of cancer cells. We found that ecto-
pic expression of HRAS in gastric cancer cells 
markedly increased the growth rate (Figure 
2D). To investigate what role, if any, HRAS might 
play in the non-tumorigenic gastric epithelial 
cells GES-1, the proliferation and clone forma-
tion ability in HRAS-expressing GES-1 cells 
were assessed by MTT and colony assay, re- 
spectively. As shown in Supplementary Figure 
3B and 3C, overexpression of HRAS in GES-1 
cells led to higher proliferation rate and stron-
ger colony forming ability compared with that  
of control cells, which suggest the tumorigenic 
of HRAS in non-tumorigenic gastric epithelial 
cells GES-1. The ability to grow in an anchor-
age-independent manner is one of the funda-
mental properties of tumor cells and is a key  
for metastasis. We found that HRAS overex-
pression augmented the anchorage-indepen-
dent growth ability of MKN28 cells (Figure  
2E). Furthermore, the migration (Figure 2F)  
and invasive (Figure 2G) ability of MKN28 cells 
was significantly increased in the gastric can-
cer cells that overexpressed HRAS, which indi-
cating its potential role in tumor aggres- 
siveness. PI3K and Raf-1 signaling pathways 
are involved in cell migration and invasion. After 

demonstrating the HRAS function in the aggres-
siveness of gastric cancer cells, we inquired 
whether PI3K and Raf-1 signaling pathway 
activity are associated with HRAS over-expres-
sion. As shown in Figure 2H, HRAS overexpres-
sion indeed facilitated the activation of PI3K 
and Raf-1 signaling pathway in gastric cancer 
MKN28 cells. Collectively, these results sug-
gest that HRAS up-regulation promotes the 
aggressiveness of gastric cancer cells in vitro.

Over-expression HRAS facilitates tumor angio-
genesis and VEGF-A expression

Tumor growth is angiogenesis dependent, and 
inhibit breast cancer angiogenesis may aid  
the development of more effective therapeu- 
tic strategies for combating tumor. To investi-
gate the effects of HRAS on tumor angiogene-
sis, chick embryo chorioallantoic membrane 
(CAM) assay was performed to detect the abi- 
lity of MKN28 cells that overexpressed HRAS  
to induced chorioallantoic membrane (CAM) 
neovascularization (Figure 3A). The condition- 
ed medium from MKN28-HRAS overexpress- 
ion cells clearly increased new blood vessel  
formation in the CAM model. Vascular endo- 
thelial growth factor (VEGF)-A has been identi-
fied as the predominant tumor angiogene- 
sis factor and well-studied molecular factor in 
the majority of human and experimental mu- 
rine cancers, acting via VEGF receptor (VEGFR)-
1 and VEGFR-2. To further clarify the role of 
HRAS in the tumor angiogenesis, we set out  
to determine whether HRAS over-expression 
was correlated with VEGFA. As indicated in 
Figure 3B, the expression of VEGFA was great- 
ly increased in MKN28 cells overexpressing 
HRAS. We also performed western blot and 
ELISA assays to evaluate the expression of 
VEGFA (Figure 3C) and its secretion (Figure 3D) 
in MKN28 cells. Consistently, VEGFA level in 
MKN28-HRAS overexpression cells was signi- 
ficantly increased compared with control cells. 
These observations demonstrate that HRAS 
overexpression effectively promotes the for- 
mation of blood vessels in the CAM of the  
chick embryo models and VEGFA expression in 
gastric cancer cells.

Down-regulation of HRAS suppresses the ag-
gressiveness of gastric cancer cells 

To confirm the biological role of HRAS in gastric 
carcinoma progression, MKN28 cells that sta-
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Figure 2. Up-regulation of HRAS expression promotes cell aggressiveness in vitro. A. HRAS was cloned into vector and transfected into cell. The cells transfected with 
an empty vector were used as control. The transfection efficiency was evaluated by the expression of GFP. B. MKN28 cells stably expressed HRAS or transfected with 
vector. After for 10 d post transfections, cells were subjected to western blot for measuring protein level of HRAS. C. Cells were treated as above and then total RNAs 
were extracted. HRAS mRNA levels were determined by means of quantitative real-time PCR and normalized to the level of β-actin mRNA. The fold changes of mRNA 
expression of indicated genes were compared as a ratio to the vehicle control. The data are shown as mean ± SD of triplicates experiments. **P < 0.01 compared 
with the control group. D. Overexpression of HRAS promoted MKN28 cell proliferation. Cells were treated as above and cell viability was determined by MTT assay. 
E. Representative results of the colony numbers of MKN28 cells. Number of multicellular colonies was increased by HRAS over-expression. Colonies with > 50 cells 
per colony were counted. The average number of established colonies per field was presented as mean ± SD (n = 5 fields). **P < 0.01, versus control. F. Wound 
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bly knocked down HRAS were established 
(Supplementary Figure 1). The down-regulation 
of HRAS in MKN28 cell line dramatically inhib-
ited the proliferative capacity of gastric cancer 
cells (Supplementary Figure 2). Additionally, 
down-regulation of HRAS decreased MKN28 
cells colony formation number (Figure 4A), as 
well as repressed the ability of gastric can- 
cer cells invasion (Figure 4B). Moreover, HRAS 
siRNA attenuated PI3K and Raf-1 signaling 
pathway activity in MKN28 cells (Figure 4C), 
which demonstrated the role of PI3K-AKT and 
Raf-1 signaling in HRAS-mediated cell aggres-
siveness. Altogether, our data suggest that 
down-regulation of HRAS inhibited gastric can-
cer aggressiveness in vitro. Furthermore, the 

In order to test whether HRAS attenuates pro-
gression of gastric cancer in vivo, we engi-
neered MKN28 cells to HRAS down-expression, 
which were subsequently implanted into immu-
nodeficient mice, and tumor sizes were mea-
sured once every three days. At the end of the 
experiment, the average tumor volume of the 
HRAS-siRNA group was significantly lower com-
pared with that of the Cont-siRNA cells-injected 
control group (Figure 5A and 5B). Interestingly, 
no difference was detected in body weight 
between the HRAS-siRNA and v Cont-siRNA 
(Figure 5C). Consist with in vitro studies, the 
immunohistochemistry results showed that the 
proliferation of gastric cancer cells was inhibit-
ed by HRAS-siRNA as there was less and weak 

healing assay was performed to determine the metastatic potential of cells overexpression HRAS. The percentage 
of wound closure was quantified. G. Representative pictures and quantification of invaded cells were analyzed using 
a Transwell invasion assay. H. Cells were transfected with HRAS and then were subjected to western blot for mea-
suring protein levels of phosphor-PI3K, total-PI3K, phosphor-AKT, total-AKT, phosphor-mTOR, total-mTOR, phosphor-
GSK-3β, total-GSK-3β, phosphor-NF-κB p65, total-NF-κB p65, phosphor-Raf-1, total-Raf-1, phosphor-ERK1/2, total-
ERK1/2, phosphor-MEK1/2, total-MEK1/2, phosphor-p38 MAPK and total-p38 MAPK respectively.

Figure 3. HRAS facilities tumor cells induced angiogenesis. A. Representa-
tive Images of CAM blood vessels stimulated with conditioned medium from 
MKN28 cells. B. A representative cell immunohistochemistry assay shown 
VEGFA protein expression in control cells and MKN28 cells overexpression 
HRAS. C. Western blot shown that VEGFA was elevated in cells transfected 
with vector or HRAS retrovirus plasmid. β-Tublin was used as a loading con-
trol. D. MKN28 cells grown to 70-90% confluence were co-transfected with 
vector or HRAS plasmid. Cell culture supernatants from indicated cells were 
performed by ELISA assay for assay VEGFA mount. Each bar represents the 
mean ± SD of three independent experiments. *P < 0.05, **P < 0.01.

ability of MKN28 cells to 
induced CAM neovasculariza-
tion was dramatically inhibit-
ed after MKN28 cells knock-
down HRAS (Figure 4D). We 
also measured VEGFA expres-
sion in MKN28 cells after 
HRAS siRNA by immunofluo-
rescence assay. As shown in 
Figure 4E, the expression of 
VEGFA was significantly inhi- 
bited in MKN28 cells down-
expressing HRAS. Consistent- 
ly, when HRAS was silenced 
by siRNA in MKN28 cells, VE- 
GFA protein expression was 
down regulation (Figure 4F) in 
MKN28 cells. VEGFA secre-
tion mount were also decre- 
ased in MKN28 cells cul- 
ture medium upon transfec-
tion with HRAS siRNA plasi- 
ma (Figure 4G). Collectively, 
these results suggest that 
HRAS down-regulation atten-
uated the aggressiveness of 
gastric cancer cells and an- 
giogenesis in vitro.

Down-expression of HRAS 
inhibits gastric cancer pro-
gression in vivo
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expression for Ki67 in HRAS-siRNA group com-
pared with that in control group (Figure 5D). 
Furthermore, numbers of TUNEL-positive cells 
(apoptotic cell death) were greater in the tumor 
tissues from HRAS-siRNA injected mice than in 
those of control mice (Figure 5D). To further 
confirm the role of HRAS in gastric cancer in 
vivo, MKN28 cells that stably express HRAS 

were subsequently implanted into immunodefi-
cient mice. As shown in Supplementary Figure 
4, tumors formed by HRAS-overexpressing cells 
exhibited a greater size than tumors formed by 
the control cells. Additionally, further examina-
tion of tumorigenic of up-regulation of HRAS by 
non-tumorigenic gastric epithelial cells GES-1 
showed that HRAS also promoted the tumorige-

Figure 4. Down-regulation of HRAS suppresses the aggressiveness of MKN28 cells. A. Representative pictures of 
(left panel) and quantification (right panel) of colony numbers of indicated cells as determined by an anchorage-
independent growth assay. All data were expressed as mean ± SD. **P < 0.01, versus control. B. Effect of HRAS 
on MKN28 cells invasiveness performed by Transwell invasion analysis. All data were expressed as mean ± SD (n = 
5 fields). **P < 0.01, versus control. C. MKN28 cells were transfected with control siRNA or HRAS siRNA plasmid. 
After for 48 h transfections, cells were subjected to western blot for measuring protein level of phosphor-PI3K, total-
PI3K, phosphor-AKT, total-AKT, phosphor-mTOR, total-mTOR, phosphor-GSK-3β, total-GSK-3β, phosphor-NF-κB p65, 
total-NF-κB p65, phosphor-Raf-1, total-Raf-1, phosphor-ERK1/2, total-ERK1/2, phosphor-MEK1/2, total-MEK1/2, 
phosphor-p38 MAPK and total-p38 MAPK respectively. D. Angiogenesis assay by chorioallantoic membrane (CAM) 
model as described in Methods. Representative images of CAM blood vessels stimulated with conditioned medium 
from MKN28 cells. The data represented as mean ± SD of blood vessel numbers were normalized to those of the 
control. E. MKN28 cells were transfected with control siRNA or HRAS siRNA. Then cells were fixed and incubated 
with primary antibodies against VEGFA. MKN28 cells were immunostained with anti-rabbit FITC-conjugated second-
ary antibody and then stained with Hoechst 33258. The specimens were visualized and photographed using a 
fluorescence microscopeand VEGFA expression was detected by immunofluorescence assay. F. Western blot shown 
that VEGFA protein expression was inhibited in cells transfected with HRAS siRNA plasmid. G. MKN28 cells were 
transfected with siRNA control or HRAS siRNA plasmid and VEGFA in culture medium was detected by ELISA. Each 
bar represents the mean ± SD of three independent experiments. For indicated comparisons, **P < 0.01.
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nicity of GES-1 cells in vivo, which further dem-
onstrated HRAS was an oncogenic gene 
(Supplementary Figure 3D).

Down-expression of HRAS inhibits gastric 
cancer VEGFA/PI3K/AKT and Raf-1 signaling 
pathway in vivo

Tumor angiogenesis is recognized as a process 
that is critical to tumor growth. To delineate the 
signaling molecules involved in HRAS regula-
tion of tumor growth and in support of the 
above results, which HRAS facilitated tumor 
angiogenesis and regulated VEGFA expression, 
we examined the effect of HRAS down-expres-
sion on the tumor induced-angiogenesis in 
xenografts by immunohistochemistry analysis. 
Immunohistochemistry staining revealed that 
the expression levels of CD31 and VEGFA were 
significantly repressed by HRAS-siRNA in gas-
tric cancer tissues (Figure 6A). In agreement 
with in vitro studies, VEGFA downstream path-

way proteins, such as p-PI3K and p-AKT were 
significantly suppressed after HRAS siRNA in 
gastric cancer tissues (Figure 6A). To further 
decipher the underlying mechanism of HRAS-
siRNA inhibited proliferation and progression  
in gastric cancer growth in vivo; the HRAS 
down-regulation signaling pathway was then 
assayed by western blot assay. As would be 
expected, the phosphorylation level of PI3K 
(p-PI3K), AKT (p-AKT), mTOR (p-mTOR), GSK-3β 
(p-GSK-3β), p-NF-κB p65 (p-NF-κB p65), as well 
as Raf-1 signaling activity, including phosphor-
ERK1/2, total-ERK1/2, phosphor-MEK1/2, to- 
tal-MEK1/2, phosphor-p38 MAPK and total-
p38 MAPK in the HRAS-siRNA-treated group 
was significantly increased compared to the 
control group (Figure 6B). Taken together, our 
findings indicate that HRAS-down-regulation 
inhibits gastric cancer growth and angiogene-
sis in vivo through regulation PI3K-AKT and 
Raf-1 signaling molecules.

Figure 5. Down-expression of HRAS inhibits gastric cancer progression in vivo. A. Effect of HRAS on the growth of 
MKN28 cells inoculated into nude mice. BALB/c-nu mice were subcutaneously injected with MKN28/RNAi-vector 
or MKN28/HRAS-RNAi cells. Tumor volume and weight were monitored over time as indicated, and the tumor was 
excised after 25 days. HRAS down-expression causes a decrease in tumor volume. B. Tumor growth curve upon 
implantation. For indicated comparisons, **P < 0.01. C. Body weight changes in mice subcutaneously injected 
with MKN28/RNAi-vector or MKN28/HRAS-RNAi cells. There was no significant difference in body weight between 
RNAi-vector and HRAS-RNAi group. D. Tumor sections were analyzed by immunohistochemistry for detection of Ki67 
expression in each group of nude mice. Apoptotic cells were examined by TUNEL staining. Each image was repre-
sentative of six independent mice.
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Discussion

Gastric cancer is a common disease with limit-
ed treatment options and a poor prognosis. 
Many gastric cancers harbor potentially action-
able targets, including over-expression and 
mutations in tyrosine kinase pathways [21]. 
Herein, we found that HRAS was up-regulated 
in gastric cancer and that HRAS overexpression 
promoted gastric cancer aggressiveness both 
in vitro and in vivo, which is in agreement with 
oncogenic-effect of other RAS family members. 
These findings provide novel insights into the 
potential roles of HRAS deregulation in promot-
ing carcinogenesis and progression of gastric 
cancer.

HRAS is a small G protein in the RAS subfamily 
of the RAS superfamily of small GTPases. Once 
bound to Guanosine triphosphate, H-RAS will 
activate a RAF kinase like c-RAF, the next step 
in the MAPK/ERK pathway [22]. HRAS acts as a 
molecular on/off switch; once it is turned on it 
recruits and activates proteins necessary for 
the propagation of the receptor’s signal, such 
as c-RAF and PI3-kinase. HRAS binds to GTP in 
the active state and possesses an intrinsic 
enzymatic activity that cleaves the terminal 
phosphate of this nucleotide converting it to 
GDP. Upon conversion of GTP to GDP, HRAS is 
turned off [23]. HRAS has been shown to be a 
proto-oncogene. The altered HRAS protein is 
permanently activated within the cell. This over-

Figure 6. HRAS siRNA inhibits gastric cancer induced angiogenesis in vivo. A. The expression levels of tumor induced 
angiogenesis markers including CD31 and VEGFA from the tumor tissues of MKN28/HRAS-siRNA group were lower 
than that of control group by immunohistochemistry assay. B. The proteins were extracted from tumor xenografts 
and were subjected to western blot for measuring phosphor-PI3K, total-PI3K, phosphor-AKT, total-AKT, phosphor-
mTOR, total-mTOR, phosphor-GSK-3β, total-GSK-3β, phosphor-NF-κB p65, total-NF-κB p65, phosphor-Raf-1, total-
Raf-1, phosphor-ERK1/2, total-ERK1/2, phosphor-MEK1/2, total-MEK1/2, phosphor-p38 MAPK and total-p38 
MAPK, respectively.
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active protein directs the cell to grow and divide 
in the absence of outside signals, leading to 
uncontrolled cell division and the formation of a 
tumor. Recent studies suggest that HRAS 
deregulations are common in thyroid, salivary 
duct carcinoma, epithelial-myoepithelial carci-
noma, and kidney cancers [24]. The HRAS pro-
tein also may be produced at higher levels 
(overexpressed) in other types of cancer cells. 
Additionally, NRAS was also significantly up-
regulated in human prostate cancers and found 
to play an important role in prostate cancer pro-
gression [25]. Furthermore, mutations in the 
HRAS gene also have been associated with the 
progression of bladder cancer and an incre- 
ased risk of tumor recurrence after treatment. 
Somatic mutations in the HRAS gene are prob-
ably involved in the development of several 
other types of cancer. These mutations lead to 
an HRAS protein that is always active and can 
direct cells to grow and divide without control. 
Therapeutic targeting of the RAS pathway has 
been aggressively pursued for the treatment  
of a wide range of malignant tumor, including 
melanoma.

The NRAS has been reported to be fundamen-
tally involved in many tumor processes, such  
as tumor cell proliferation, apoptosis, angio-
genesis, and invasion. In general, there is little 
data on the regulation of HRAS gene expres-
sion, and molecular mechanism in gastric car-
cinoma [26]. Herein, we found that HRAS was 
over-expressed in several gastric cancer cell 
lines and furthermore, according to The Can- 
cer Genome Atlas (TCGA; http://cancergeno- 
me.nih.gov/), we found that HRAS amplifica- 
tion was positive in 12 of 27 cases, suggesting 
that the over-expression of HRAS in gastric can-
cer might be associated with genomic ampli- 
fication. Our analysis of Kaplan-Meier Plotter 
also found correlations between HRAS gene 
deregulation and survival rates. Overall, having 
higher levels of HRAS gene expression led to 
lower survival amongst patients with gastric 
cancer patients. Tumor progression, for instan- 
ce, metastasis is a complicate process. The 
cancer cell has first to acquire the ability to 
invade into the adjacent organs and/or to mi- 
grate through bloodstream or lymphatic sys- 
tem to distant sites and to survive. Ectopic 
expression of HRAS in gastric cancer cells 
markedly increased the proliferation and an- 
chorage-independent growth ability. Tumor pro-
gressions always require increase in number  

of blood vessels and similarly decrease in num-
ber of blood vessels in milieu leads to dorman-
cy of tumor. Angiogenic pathway is a sound tar-
get to obstruct the excessive proliferation of 
cells because the nutrients and growth factors 
are supplied through blood vessels to the tumor 
cells [27]. Over-expression of HRAS augmented 
the anchorage-independent growth and the 
invasive abilities of gastric cancer cells, pro-
voked their ability to induce CAM neovascular-
ization and enhanced their resistance to apop-
tosis. RNA interference (RNAi) is a powerful 
method for gene inactivation and cancer gene 
therapy [28]. Silencing HRAS significantly both 
inhibited the malignant behavior of the tumor 
cells and repressed the expression of VEGFA, 
PI3K, AKT that are specifically regulate prolifer-
ation, apoptosis, metastasis and angiogenesis 
in gastric carcinoma, suggesting that HRAS 
could contribute to PI3K-AKT signaling activa-
tion and thereby represent a novel target for 
gastric cancer treatment.

In summary, we reported that HRAS was mark-
edly up-regulated in gastric carcinoma and that 
a positive correlation existed between HRAS 
expression and the prognosis of gastric cancer 
patients. Overexpression of HRAS augmented 
gastric carcinoma aggressiveness in vitro and 
in vivo and activated the PI3K-AKT and Raf- 
1 signaling pathway. Therefore, understanding 
the biological function of HRAS in gastric car- 
cinoma progression both advance our knowl-
edge of the mechanisms that underlie gastric 
carcinoma aggressiveness, and establish HR- 
AS as a potential therapeutic target for the 
treatment of gastric carcinoma.
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Supplementary Figure 1. Control siRNA or siRNA against HRAS were transfected into MKN28 cells (0.15 μg siRNA 
per well). After 24 h post transfections, cells were subjected to western blot assay for measuring HRAS.

Supplementary Figure 2. Control siRNA or siRNA against HRAS were transfected into MKN28 cells (0.15 μg siRNA 
per well). After 24 h post transfections, cells were subjected to cell proliferation assay. The data are presented as 
mean ± SD. For indicated comparisons, *P < 0.05, **P < 0.01.
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Supplementary Figure 3. Over-expression of HRAS confers GSE-1 cells potentially carcinogenic. A. HRAS was cloned 
into vector and transfected into GSE-1 cells. The cells transfected with an empty vector were used as control. The 
transfection efficiency was evaluated by the expression of HRAS using western blotting analysis. B. Overexpression 
of HRAS promoted GSE-1 cells proliferation. Cells were treated as above and cell viability was determined by MTT 
assay. For indicated comparisons, **P < 0.01. C. Representative Results of the colony numbers of GSE-1 cells. D. 
BALB/c-nu mice were subcutaneously injected with vector or /HRAS-overexpression GSE-1 cells. Tumor volume 
and weight were monitored over time as indicated, and the tumor was excised after 25 days. HRAS over-expression 
causes an increase in tumor volume. Data are the means ± S.E.M, n = 3 mice in each group.
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Supplementary Figure 4. HRAS facilities tumor growth in vivo. A. HRAS over-expression causes an increase in tumor 
volume. BALB/c-nu mice were injected subcutaneously with MKN28 cells stably expressing vector or HRAS. Tumor 
volume and weight were monitored over time as indicated, and the tumor was excised after 25 days. B. Tumor 
growth curve upon implantation. Data are the means ± S.E.M, n = 3 mice in each group. Asterisk indicated signifi-
cant difference when compared to the vector group (**P < 0.01).


