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Abstract

Objective
To investigate the effects of combined RNAi targeting human survivin with hypoxia-inducible factor 1α on
gastric cancer BGC-823 cells.

Methods
The hypoxia sensitive gastric cell line BGC-823 was identi�ed �rstly. Under hypoxia condition, the survivin
targeting siRNA or/and HIF-1α targeting siRNA were transfected into BGC-823 cells. The expression of
survivin and HIF-1α were assessed by RT-PCR and Western blotting assay respectively. Cell apoptosis
were determined by �ow cytometry. Cell proliferation was measured by MTT assay. The abilities of
invasion and migration were evaluated by transwell assays and wound healing assays respectively.

Results
The HIF-1α expression of BGC-823 cell increased apparently in the 3 cell lines under hypoxia condition.
The survivin targeting siRNA transfection decreased the expression of survivin under hypoxia condition,
the combined transfection of survivin targeting siRNA and HIF-1α targeting siRNA down-regulated both
the expression of survivin and HIF-1α obviously. Compared with the blank control group, the combined
siRNA transfection group displayed obvious features with decreased invasion and migration ability under
hypoxia, .the apoptosis rate increased and the cell proliferation decreased obviously.

Conclusion
The down-regulation of survivin and HIF-1α in BGC-823 cell lines may induce an anticancer effect by
enhancing cell apoptosis, and decreases the proliferation,migration and invasion ability.

Background
Gastric cancer is the third leading cause of cancer-related mortality in the world. As a kind of malignant
tumor, even early gastric cancer can have distant metastasis and poor prognosis[1]. It is a well-known that
rapid cell division in solid tumors leads to depletion of the oxygen levels and variable levels of hypoxia
across the tumor[2]. Regions of low/insu�cient oxygen are a pathophysiological feature of most solid
tumors, including gastric cancer[3]. Hypoxia is an important form of physiological stress that induces cell
death, due to the resulting endoplasmic reticulum (ER) stress, particularly in solid tumors[4–5]. Hypoxia is
a fundamental characteristic of solid tumors and it induces various adaptive changes in cancer cells,
which eventually lead to increased tumor growth, invasion and metastasis. It has been demonstrated
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conclusively that patients with signi�cant levels of tumor hypoxia have a worse prognosis irrespective of
treatment modality[6–7]. The hypoxia is a major driving force for the process of endothelial proliferation
and tumor angiogenesis. It is well known that the rapid proliferation of malignant cells and the irregular
local vasculature jointly favor the formation of hypoxic areas within human solid tumors including
laryngeal cancer[8–10].

Hypoxia-inducible factors (HIFs) are essential in the primary transcriptional responses to hypoxic stress
in normal and neoplastic cells[11–14]. HIFs are composed of α and β subunits; three α isoforms exist,
which are normally rapidly degraded in an oxygen-dependent manne, while the β subunit is expressed at
constant level under normoxic conditions. HIF-1α and HIF-2α (also known as EPAS1) are structurally
similar, and activate the transcription of target genes by binding to hypoxia response elements (HREs) or
similar sequence elements[15–18]. This leads to increased glycolysis, endothelial proliferation and
angiogenesis, which facilitates the adaptation of the tumor to hypoxia.

These molecules are heterodimeric transcription factors that activate a large number of target genes,
including phosphoglycerate kinase and vascular endothelial growth factor (VEGF) A[19–20]. Endothelial
cells are the primary targets of survivin, which acts as a survival factor for these cells and prevents
endothelial apoptosis induced by serum starvation. In addition, VEGF induces expression of Bcl-2, an anti-
apoptotic protein[21–22].

Survivin is a key regulator of angiogenesis, but has also been identi�ed to be a multi-functional factor
involved in tumor progression, immunosuppression and immune tolerance. We have shown that hypoxia
may attenuate the anti-proliferation and apoptosis-promotion effect of survivin RNAi in BGC-823 cell
lines. Whereas, combined application of survivin and HIF-1α RNAi may intensify the anti-cancer effect,
including anti-proliferation, apoptosis promotion, migration restraint and invation inhibition, comparing
with sole application of them.These �ndings indicated that survivin and HIF-1α RNAi inhibited Gastric
cancer growth in vitro and in vivo. This study provides a new therapeutic method for gastric cancer.

Methods
1.1 Cell culture and hypoxia treatment

The Human gastric cell line BGC-823 were obtained from the China Center for Type Culture and
maintained in RPMI 1640 media (Hyclone, Beijing, China) containing 10% fetal bovine serum (Hangzhou
Sijiqing Biological Engineering Materials Co., Ltd., Hangzhou, China) and 1% penicillin/streptomycin, in a
5% CO2 humidi�ed atmosphere at 37°C incubation. The medium was changed at alternate days and cells
were harvested in 70–80% of con�uence for exprement. 24 hours after seeding, the cells were incubated
in normal or hypoxia condition for another 48 h (For hypoxia treatment, cells were maintained in a
hypoxia incubator of 1% oxygen concentration infused with 5% CO2 and nitrogen gas mixture). 

1.2 RNA interference
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Two pairs of siRNAs designed against human HIF-1α and survivin separately, valid and described by
others previously, were employed in the present experiment. The nucleotide names and sequences were
as follows: siRNA-HIF-1α, 5'- CCAUAUAGAGAUACUCAAATT-3'(sense), and 5'-UUUGAGUAUCUCUAUAU
GGTT-3'(antisense); siRNA-survivin, 5'-GGCUGGCUUCAUCCACUGCTT-3' (sense), and 5'-
GCAGUGGAUGAAGCCAGCCTT-3' (anti sense). To avoid triggering innate immune responses of the siRNA,
the sense strands of were 2'-O-methyl (2'OMe) uridine modi�ed, while the anti-sense strands were not
modi�ed. Meanwhile, the sequences 5'-UUGAUGUGUUUAGUCGCUATT-3' (sense), and 5'-
UAGCGACUAAACACAUCAATT-3' (antisense), named SCR (scrambled siRNA), which has no homology to
human genes, was used as a negative control. 3'‐�uorescein amidite (FAM) �uorescence‐labeled SCR
was used to detect the transfection e�ciency. All siRNAs were chemically synthesized by Shanghai
Genepharma Co. Ltd.(China). For siRNA transfection, BGC-823 Cells were seeded on 6-well plates at a
density of 1×105 cells/well and incubated overnight to reach 80% con�uence, then the cells were
transfected with 100 nM siRNAs using Hifectin  (Beijing Applygen Co.Ltd., Beijing, China) according to
the protocol provided by the manufacturer. Subsequently, the exponential growth BGC-823 cells were
maintained in hypoxia conditions for the further experiments. 

1.3 Cell Viability assay 

The 3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide (MTT, Roche Diagnostics Corporation)
assay was performed to evaluate the cell proliferation. In brief, BGC-823 cells were seeded onto 96-well
plates at an optimal density (3×103 cells per well) and incubated overnight, then the treatment mentioned
above were performed respectively. After another 48h incubation in normal or hypoxia condition, the cells
were treated with 20 µL MTT (5 mg/ml). The cultures were then re-incubated for an additional 4 h. After
removal of the supernatant, 150 µL DMSO was added to each well to dissolve the crystals completely
and then the absorbance was measured at 490 nm using a 2100C ELISA Reader (Rayto Life and
Analytical Sciences Co., Ltd. Shenzhen, China). 

1.4 Reverse transcription-PCR (RT-PCR) analysis 

The sequences of primers were synthesized by TAKARA Biotechnology (DaLian, China) Co., Ltd.: Sense,
5'-GCAAGCCCTGAAAGCG-3' and antisense, 5'- GGCTGTCCGACTTTGA-3' for HIF-
1α (240‐bpproduct);Sense,5'-AACAGCCGAGATGACCTCC-3' and antisense, 5'- AACTTC
AGGTGGATGAGGAGAC-3' for survivin (421‐bpproduct);and sense, 5'-
TGAAGGTCGGAGTCAACGGATTTGGT-3' and antisense, 5'-CATGTGGGCCATGAGGTCCACCAC-3' for the
internal reference, GADPH (983-bp product). After total mRNA were isolated with the TRIzol® reagent
(Invitrogen, USA) and cDNA was prepared with the GoScript™ Reverse Transcription System kit (Promega
Biotech Co., Ltd., Beijing, China) according to the manufacturer's instruction, RT-PCR was performed. The
PCR reaction condition was as follows: 95˚C denaturation for 5 min; 30 cycles of 94˚C for 30 sec, 50˚C
annealing for 30 sec and 72˚C for 1 min, with a �nal step at 72˚C for 5 min. PCR products were separated
in 2% agarose gel. The bands were scanned and relative mRNA expression levels were determined by
comparing with the expression of GAPDH.
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1.5 Western bloting analysis 

Total protein was extracted from cells using RIPA buffer (Beyotime Institute of Biotechnology) after
treatment and the level of protein was determined using the bicinchoninic acid assay method. Equal
amounts of protein lysates (50 μg) were separated by SDS–PAGE and transferred to polyvinylidene
�uoride membranes (EMD Millipore Co., Hayward, CA, USA), the membranes were blocked with 5%
skimmed milk for 1 h. Then the membranes were incubated at 4˚C overnight with monoclonal rabbit anti-
mouse antibodies against HIF-1α, GADPH (Boster Biological Engineering Co., Ltd., Wuhan, China) and
survivin (Biosynthesis Biotechnology co., Ltd., Beijing. China) , respectively. The next day, the membranes
were washed with TBST and incubated with the secondary peroxidase-labeled goat anti-rabbit antibody
(Boster Biological Engineering Co., Ltd) diluted to 1:2000 in skimmed milk/TBST for 1 h at room
temperature. The protein bands were visualized by enhanced chemiluminescence and the band intensity
was measured using Quantity One v4.6.2 software (Bio-Rad Laboratories, California, USA).

1.6 Flow cytometry 

For cell apoptosis rate analysis, the annexin V-FITC apoptosis detection kit was used (Invitrogen). 48 h
after treatment, BGC-823 cells were harvested, washed twice with PBS, and resuspended in 500 μL of
binding buffer, Cell suspensions were then incubated with 5 μL of annexin V-FITC and 5 μL of propidium
iodide (PI) for 10 minutes at room temperature away from light. The cells were evaluated immediately by
�ow cytometry (BD Biosciences, Franklin Lakes, NJ). The results were quantitated using winMDI 2.9
analysis software.

1.7 Wound-Healing Assays 

Scratch wound‐healing assays were performed to determine the cell migration ability. Brie�y, lines were
marked on the backs of six‐well plates, BGC-823 cells were seeded in it at a density of 3×105 cells /well
and incubated overnight. Then treatments mentioned above were performed separately. 24 hours later,
maintained in normal or hypoxia condition, treated cells were scratched by a sterile 200-μL tip
perpendicular to the lines to make wound, washed three times with PBS to remove cell debris,
and cultured in serum-free medium for another 24 hours. The width values of the wounded area was
monitored and measured at more than three positions per scratch by microscopy to compare the
migration ratios among the groups.

1.8 Invasion assays

Matrigel invasion assays were employed to assess BGC-823 cell invasion ability as previously described.
In brief, treated cells were incubated overnight in serum-free medium. 50 μl Matrigel (BD Biosciences, San
Jose, CA) was overlayed and maintained to solidify at 37°C for 1 hour inside transwell �lters
with membrane pore size of 8.0 μm (Corning Inc). 5×104 of treated cells suspended in serum free RPMI-
1640 medium were added in the upper chambers, whereas the bottom of each well contained RPMI-
1640 medium with 10 % FBS. After incubation in a normal or hypoxia condition for 12 hours, the cells on
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the upper surface were removed using a cotton swab, and the cells on the lower surface of the membrane
were �xed (4 % paraformaldehyde) and stained with 0.1 % Crystal Violet. Cells on the lower surface of the
�lter were visualized and photographed under microscope and the relative numbers were counted (�ve
distinct �elds per insert).

1.9 Statistical analysis 

The data were expressed as mean±standard error of the mean (SEM). Statistical analysis was analyzed
by t test, using the statistical program, SPSS11.0 for Windows. All experiments in vitro were performed in
triplicate. P<0.05 or less was considered statistically signi�cant. 

Results
2.1 siRNA transfection rate 

To make sure the transfection e�ciency of siRNA in BGC-823 cells, the intake of �uorescently labeled
scrambled siRNA (100 nM) was observed under �uorescence microscopy 6 h after transfection. The
result showed a high-e�ciency transfection that more than 80% cells displayed green �uorescence with
�uorescent labeled siRNA (Fig. 1).

2.2 Effect of HIF-1α or/and survivin RNAi on BGC-823 cell Viability under hypoxia

To quantify the in�uence of RNAi on BGC-823 cells survival and growthunder hypoxia, we investigated
their effect on BGC-823 cells proliferation after transfection. Cell growth curves determined by MTT for 48
h are presented in Fig.2 and Tab.1 and revealed that the viability of the BGC-823 cells was inhibited in a
time‐dependent manner and the highest inhibitory rates were 81.2±0.95, at 48 h. Compared with control
cells, the cells viability in the siH or sis groups was reduced and the reduction was greater in the siC group
(P<0.05).

Tab. 1 Proliferation rates of BGC-823 cells in various groups (n=4,x̄±s)

Group 24 A value(h)

48

72

Blank control 0.8676±0.04141 1.241±0.08403 1.928±0.07789

scrambled siRNA 0.9341±0.05253 1.278±0.06901 2.004±0.09502

siRNA-survivin 0.4182±0.04430 0.5793±0.03399 1.349±0.1565

siRNA-HIF-1α 0.3137±0.03217 0.4675±0.05506 0.9414±0.09612

2.3 Individual and combined inhibitive effect of siRNAs on HIF-1α and survivin under hypoxia
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To make sure the transfection e�ciency of siRNA in BGC-823 cells, the intake of �uorescently labeled
scrambled siRNAs (100 nM) was observed useing �uorescence microscopy 6 h after transfection. As
shown in Figure 1, more than 80% cells displayed green �uorescence with �uorescent siRNA, which
represents a high transfection e�ciency. Then, we further evaluated the silencing effects of siRNA-HIF-1α
and siRNA-survivin in BGC-823 cell. After transfection, cells were maintained under hypoxia. 48 h later, the
expressions of HIF-1α and survivin were estimated by RT-PCR and Western blot analysis respectively. The
results demonstrated that the expression of HIF-1α and survivin were inhibited in the siH and sis
groups(Fig. 3,Fig.4,Fig.5), respectively, at the mRNA and protein levels, and the expression levels of HIF-1α
and survivin mRNA and protein (Tab.2,Tab.3,Tab.4) were signi�cantly reduced simultaneously compared
with the control (P<0.05).

Tab. 2 Electropheregram of expressions of survivin mRNA in cells various groups 48h after transfection
(n=3, x̄ ±s)

Group  surviving mRNA  

Blank control  0.9270±0.0217  

SCR  0.9475±0.0326*  

sis  0.4573±0.0214△  

△P<0.05 compared with blank control group, * P>0.05 compared withblank control group

Tab. 3 Electropheregram of expressions of HIF-1α mRNA in cells various groups 48h after transfection
(n=3,& x̄±s)

Group               HIF-1α mRNA           

Blank control 0.8263±0.0326

SCR 0.8324±0.0127*

sis 0.3516±0.0116△

△P<0.05compared with blank control group, *P>0.05 compared withblank control group

Tab. 4 Electropheregram of expressions of survivin and HIF-1α protein in various groups 48h after
transfection(n=4, x̄ ±s)    
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Group             surviving protein HIF-1α protein

Blank control 0.670324±0.03 0.732015±0.01

SCR 0.67553±0.03*△ 0.725406±0.01*△

sis 0.200129±0.02* 0.698366±0.02△

sis+siH 0.584291±0.02** 0.314884±0.02△△

** P<0.05compared with sis group, △△P<0.01compared with sis group, *△P>0.05 compared with blank
control

2.4 Effect of HIF-1α or/and survivin RNAi on BGC-823 cells apoptosisunder hypoxia

Apoptosis was assessed 48 h after transfection by staining cells with Annexin V/PI and analyzed using
FCM (Fig. 6,Tab.5). The strongest apoptotic signals were identi�ed in the siC group and the percentages
of apoptotic cells were 19.17±0.09. The results indicate that the apoptosis rates of BGC-823 cells in the
siH and sis groups were higher than those in the control. This increase was higher in the siC group
(P<0.05).

Tab. 5Apoptotic rates of BGC-823 cells in various groups 48h after transfection (n=4, x̄±s)

Group             Apoptotic rates

Blank control 16.70324±2.03

SCR 16.7353±3.03△

sis 13.00129±2.32*

sis+siH 11.54171±2.67**

* P<0.05 compared with blank control, **P>0.05 compared with sis, △P>0.05 compared with blank control

2.5 Effect of HIF-1α or/and survivin RNAi on the migration and invasion abilities of BGC-823 cellsunder
hypoxia

At the time point of 12 and 24 h, the wound healing assay revealed that the healing of the siH+ sis group
exhibited signi�cant difference to the control, siH+sis group showed the highest migration inhibition rate
in the treatment groups (P<0.05, Fig.7). From the results of Transwell assay compared with control group,
the invasion of BGC-823 cells of siH+sis group were decreased by 45.48% (P<0.05), while SCR group
showed no signi�cant differences (P>0.05). Similarly in the invasion assay, the proportion of migrated
cells in the siH+sis group was much higher than that of the other treatment groups (P<0.05, Tab.6).

Tab. 6 Transwell experimental resultsin various groups (n=3, x̄ ±s) 
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Group  24    

Blank control  91.33+4.055    

SCR  85.33 +4.256△    

siRNA  36.33+3.180*    

△P<0.05compared with blank control group,  * P>0.05 compared withblank control group

2.6 Wound-Healing Assays 

Scratch wound‐healing assays were performed to determine the cell migration ability. Brie�y, lines were
marked on the backs of six‐well plates, BGC-823 cells were seeded in it at a density of 3×105 cells /well
and incubated overnight. Then treatments mentioned above were performed separately. 24 hours later,
maintained in normal or hypoxia condition, treated cells were scratched by a sterile 200-μL tip
perpendicular to the lines to make wound, washed three times with PBS to remove cell debris,
and cultured in serum-free medium for another 24 hours. The width values of the wounded area was
monitored and measured at more than three positions per scratch by microscopy to compare the
migration ratios among the groups (P<0.05, Fig. 8,Tab.7).

Tab. 7 The results of scratch-healingin various groups (n=3, x̄ ±s)

Group A value (h)

0 24

Blank control 1197.6±10.2 464.0±15.04

SCR 1034.1±15.5 497.4±25.57△

 siRNA 1182.7±13.1 245.7±16.90*

Discussion
Since 2001, �rstly, Elbashir successfully induced gene silencing in mammalian cells using synthetic 19-
23-nucleotides double-stranded RNAs as siRNA, RNAi technique has been widely used in functional
analysis of mammalian genes[23–25]. The discovery of RNAi as a target-speci�c gene suppression
technology has built a promising way for gene therapy to various diseases, especially to cancer
treatment[26–27]. The e�ciency of RNAi on the same target for different sites usually shows great
variation. One of critical preconditions for RNAi is verifying an appropriate siRNA that e�ciently knocks
down the expression of target genes. Thus, it is usually recommended to test several RNAi in order to
achieve the most potent one. Tumor proression includes tumor cell proliferation, invasion,vascuvasation
and extrasation ,establishment of metastatic niche ,and angiogensis. Angigenesis is an important aspect
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of the growth solid tumor, including gastric cancer[28–30]. Muders MH[31] found that VEGF-C increased the
proliferation of prostate cancer cells during hydrogen peroxide stress by the activation of AKT-1/PKB[32–

34].Using RNAi technology, FengY’s[35] study show that VEGF-C possessed tremendows potential in non-
small cell cancer progression.

In this study, we employed two pairs of siRNA targeting survivin and HIF-1α mRNA seperately, and then
transfected them into BGC-823 cells. On the basis of relative mRNA and protein expression level analysis
after transfection, we con�rmed that the two siRNA were high-e�ciency to supress survivin and HIF-1α
expression in BGC-823 cells.The con�rmation of e�cient siRNA targeting human survivin and HIF-1α in
this study lags a further research on survivin and HIF-1α.

Our studies showed that under hypoxia conditions, expression of HIF-1α was higher of treatment in BGC-
823 cells, a high-e�ciency transfection that more than 80% cells. It is indicated that expression of HIF-1α
was dependent on a radical oxygen species in gastric canner cells.

The mRNA downregulation of HIF-1α and survivin induced by hypoxia. Since surviving has been reported
to critically involved in the development and differentiation of gastric canner, we explored furthermore
knowckdown the expression of survivin in a gastric epithelial cell line BGC-823, we detected although,
HIF-1α and HIF-2α subunits are highy conservative at protein level, share similar domain structure. They
have been implication in enither induction or repression of genes in hypoxia. Compared with SCR and sis 
+ siH group, blank control groups the expression level of survivin and HIF-1α the proliferation rate of BGC-
823 was signi�cantly lower (P < 0.01), but there was no signi�cant differences between sis group and sis 
+ siH group (P > 0.05).Compared with blank control group,the expression levels of survivin and HIF-1α
mRNA in were signi�cantly desreased (P < 0.01), proteins sis + siH group in were signi�cant decreased (P 
< 0.01). The �ow cytometry results showed that the apoptotic rate of BGC-823 cells in sis + siH group was
signi�cantly higher than those in SCR and blank control groups (P < 0.01).The results of Transwell
migration assay showed that the number of migration cells in sis + siH group was signi�cantly lower than
those in control.

Conclusion
In conclusion, our �ndings suggest that survivin and HIF-1α dramatically reduced cell growth ability and
increased apoptosis of gastric cancer in vitro. Survivin and HIF-1α are expected to novel targets for the
prevention and treatment of gastric cancer. However, the precise molecular mechanisms underlying the
effects of survivin and HIF-1α RNAi on proliferation and apoptosis in BGC-823 cells still need further
investigation.
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Figures

Figure 1

The expression of green �uorescence in BGC-823 cells after 6 h transfection (×200)

A:siRNA-survivin group; B:siRNA-HIF-1α group; C:scrambled siRNA group; D:blank control
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Figure 2

BGC-823cell proliferation detected with MTT (24h,48h,72h)

Figure 3

Electropheregram of expressions of survivin mRNA in cells various groups 48h after transfection

A:blank control group; B:SCR group; C:sis group
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Figure 4

Electropheregram expressions of HIF-1α mRNA in cells in various groups 48h after transfection

D:blank control group; E:SCR control group; F:siH group

Figure 5

Electropheregram expressions of survivin and HIF-1α protein 48h after transfection 
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Figure 6

Apoptotic rates of BGC-823 cells in various groups 48h after transfection.

A:blank control group; B:SCR group; C:sis group D:sis+siH group

Figure 7

Transwell experimental results(×200) show that 24 hours later, the number of cell invasion in Blank
group(A), SCR group(B) and siRNA group(C) were: 91.33±4.055; 85.33±4.256 and 36.33±3.180 . There
were signi�cant differences between siRNA group and Blank group(P>0.05). 
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Figure 8

The results of scratch-healing experiment,24 hours later, the migration distances of blank group (A), SCR
group (B) and siRNA group (C) were respectively 464.0±15.04 μm, 497.7±27.57 μm and 245.7±16.90 μm.
There were signi�cant differences between siRNA group and blank group (P>0.05).


