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Purpose: Gastric cancer has a high mortality rate worldwide. Although treatments, such as
molecular-targeted therapy, have been introduced, the resulting long-term survival and prognosis
remain unsatisfactory. Downregulation of the target genes using lentivirus-mediated short hairpin
RNA (shRNA) can be an effective therapeutic strategy for patients with gastric cancer.
Overexpressed vascular endothelial growth factor A (VEGF) in human gastric cancer cells can
be an effective novel therapeutic target for human gastric cancer. Thus, this study aimed to evaluate
the therapeutic effects of lentivirus-mediated knockdown of VEGF gene expression in human
gastric cancer growth.

Materials and Methods: Specific sShRNA sequences targeting VEGF were designed to
construct a lentiviral expression vector. After human gastric carcinoma cells (cell line NCI-
N87) were infected with the lentiviral vector, the therapeutic effects of the lentivirus-
mediated shRNA targeting VEGF were analyzed both in vitro and in vivo.

Results: Stable suppression of VEGF gene expression in NCI-N87 cells using shRNA
(ShVEGF) showed significant inhibition of cell proliferation, clonogenicity, and cell motility.
ShVEGEF also showed increased G0/G1 cell cycle arrest and apoptosis. In addition, in vivo
results from nude mice xenografted ShVEGF showed significant inhibition of tumor growth.
Assessing the therapeutic effects of intratumoral injection of lentivirus-targeting VEGF
(Virus_VEGF) revealed that it significantly inhibited tumor growth compared to that in the
Virus_Scramble or saline injection control groups.

Conclusion: The constructed ShVEGF showed significant inhibition of NCI-N87 gastric cancer
cell growth both in vitro and in vivo. These experimental results suggest a novel therapeutic
strategy for patients with gastric cancer using lentivirus-mediated shRNA targeting VEGF.
Keywords: gastric carcinoma, NCI-N87, ShRNA, VEGF

Introduction
Gastric cancer, one of the most common malignant tumors, is the third leading cause of
cancer-related deaths worldwide.'* Chemotherapy is the main approach used for treating
patients with gastric cancer. Currently, many new anticancer drugs, surgical technique
improvements, and immunotherapies, including molecularly targeted therapy, are in use.
However, long-term survival and prognosis remain unsatisfactory because most gastric
cancers are diagnosed at an advanced stage.”” Therefore, improved understanding of
tumorigenesis is needed to elucidate a novel treatment that will overcome gastric cancer.
Expanding new blood vessels from the pre-existing vessels is closely related to
tumor growth and tumor pathogenesis.” Vascular endothelial growth factor (VEGF),
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one of the most studied markers in cancer is a major mediator
of tumor angiogenesis.*” VEGF also plays important roles in
the proliferation, migration, and invasion of vascular endothe-
lial cells.* "* Accordingly, the inhibition of VEGF signaling
could be an innovative strategy for cancer treatment.

RNA interference (RNAI), involving short interfering
RNA (siRNA) and short hairpin RNA (shRNA), is an
effective gene silencing method and has been introduced
as a novel treatment for gastric cancer to inhibit tumor
growth and metastasis.'*'> Both siRNA and sShRNA may
induce sequence-target gene silencing in mammalian cells
by transfecting exogenously synthesized hairpins into
cells. However, shRNA may suppress gene expression
stably in mammalian cells by both exogenous and endo-

1 ..
6 Lentiviral vectors have

genous expression of shRNA.
been widely used due to their ability to infect mammalian
cell types and their safety, which has been supported by
many clinical results in animal experiments. The first US
Food and Drug Administration-approved lentiviral vector-
mediated therapy is tisagenlecleucel.'”"'® Although there
is a theoretical potential for insertional oncogenesis being
caused by lentiviral vectors, the lentiviral vector-mediated
shRNA system may be effective for cancer treatment.

In this study, we examined the effect of lentivirus-
mediated knockdown of VEGF gene expression in human
gastric cancer growth in vitro and in vivo. To explore the
effect of VEGF gene silencing in cancer progression, third-
generation lentiviral vectors were used to integrate the
shRNA targeting VEGF (ShRNA VEGF) or scramble
sequence (ShRNA_Scramble) in the NCI-N87 human gastric
cancer cell line. We examined the effects of silencing VEGF
on gastric cancer cell proliferation, cell cycle, apoptosis, and
cell motility in vitro. ShRNA VEGF-induced NCI-N8&7
(ShVEGF) xenografts were used to compare tumor growth
inhibition ~with ShRNA_Scramble-induced NCI-N87
(ShScramble) xenografts in vivo. In addition, the therapeutic
effects of the intratumoral injection of lentivirus-targeting
VEGEF (Virus_ VEGF) on established tumors were compared
to those of the intratumoral injection of saline or lentivirus-
targeting scramble (Virus_Scramble).

Materials and Methods

Cell Line and Chemicals

NCI-N87 and MKN-45 gastric carcinoma cell lines were
obtained from the Korean Cell Line Bank (Seoul, Korea).
Cells were maintained in RPMI 1640 containing 10% fetal
bovine serum (FBS) and 1% penicillin/streptomycin. The

human embryonic kidney cell line 293TN cell line,
obtained from System Biosciences (SBI, Mountain View,
CA, USA), was maintained in high-glucose Dulbecco’s

modified Eagle’s medium containing 10% FBS,
GlutaMAX™, and 1% penicillin/streptomycin.
ShRNA-Expressing Plasmid DNA
Four targeted sequences—homologous to VEGFA

(GenBank: AY047581.1)—were synthesized, annealed,

and cloned in the lentiviral expression vector
(pGreenPuro™ Vector, SBI). Target sites in human genes
encoding VEGFA were as follows: VEGF 1 sense strand,
5'-AAGATCCGCAGACGTGTAAATGTTC-3'; VEGF 1
antisense strand, 5'-GAACATTTACACGTCTGCGGATC
TT-3'; VEGF _2 sense strand, 5'-AAACGAACGTACTTG
CAGATGTGAC-3"; VEGF 2 antisense strand, 5'-GTC
ACATCTGCAAGTACGTTCGTTT-3'; VEGF 3 sense
strand, 5-GGGCAGAATCATCACGAAGT-3"; VEGF 3
antisense strand, 5-ACTTCGTGATGATTCTGCCC-3';
VEGF 4 sense strand, 5-ACGAACGTACTTGCAGAT
GTGA-3'; and VEGF 4 antisense strand, 5-TCACAT
CTGCAAGTACGTTCGT-3". These four plasmid DNAs
transcribed shRNA with 12-bp loop sequences of 5'-
CTTCCTGTCAGA-3'. The non-targeting sequences
(scramble sense strand, 5'-AATTCTCCGAACGTGTCAC
GT-3' and scramble antisense strand, 5-ACGTGACAC
GTTCGGAGAATT'), which had no homology with the
human gene, were also designed using the same process.
Each DNA was used to transform E. coli DH5a using the
heat shock method, and the transformed E. coli cells were
inoculated on an LB-ampicillin agar plate. Bacterial colo-
nies containing the target sequences were isolated and
used for plasmid purification. The recombinant vector
was extracted using a plasmid purification kit (Qiagen,
Valencia, CA, USA). In addition, plasmid extraction was
confirmed using polymerase chain reaction (PCR) and

sequencing.

Lentivirus Generation and Development
of Stably Expressing shRNA in NCI|-N87
Cell Line

Lentivirus production and the establishment of a stable
cancer cell line expressing sShRNA were performed as pre-
viously described, with some modification.'® Briefly, cells
were seeded at a density of 3 x 10° cells/10 cm dish; 293TN
cells were co-transfected with the lentiviral expression vec-
tor containing ShRNA VEGF or ShRNA Scramble using
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lipofectamine. After 48 h, supernatants containing lentivirus
were collected and mixed with PEG-it™ virus precipitation
solution. The mixture containing the supernatants and solu-
tion was centrifuged at 1500 x g for 30 min at 4°C, and the
pellet was then resuspended in ice-cold RPMI medium.
One day prior to cell transduction, the cells were seeded
at 10° cells/well in 12-well plates. On the day of transduc-
tion, lentiviral particles were added to NCI-N87 cells with 5
ug/mL polybrene. The next day, stable clones were selected
by replacing the culture medium with that containing pur-
omycin (3 ug/mL). Transduction efficiency of ShVEGFs or
ShScramble with green fluorescent protein signals was

determined using flow cytometry.

Relative Quantitative Real-Time PCR

Total RNA extraction of ShVEGFs and ShScramble cells
was performed using the TRIzol reagent, according to the
manufacturer’s instructions. cDNA was synthesized using
Moloney murine leukemia virus (M-MLV) reverse tran-
Merelbeke,
Belgium). Quantitative real-time (RT) PCR was performed
using a Bio-Rad CFX96 RT-PCR detection system (Bio-
Rad, Mississauga, ON, Canada). The sequences of PCR
primers used were as follows: for VEGF, forward 5-AGG
GCA GAA TCA CGA AGT-3' and reverse 5'-AGG GTC
TCG ATT GGA TGG CA-3’ and for GAPDH, forward 5'-
GGA GCG AGA TCC CTC CAA AAT-3' and reverse 5'-
GGC TGT TGT CAT ACT TCT CAT GG-3'. The relative
VEGF mRNA levels were normalized using glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) mRNA levels

in the same samples.

scriptase  (Invitrogen Life Technologies,

Western Blotting

VEGF protein expression was determined using Western
blotting. Protein lysates of cell samples (NCI-N87,
ShScramble, and ShVEGFs) were separated using 10%
sodium dodecyl sulfate polyacrylamide gel electrophor-
esis. Proteins were then transferred onto 0.45-um polyvi-
nylidene fluoride membranes (Millipore, USA). The
membrane was incubated with an anti-rabbit anti-VEGF
(1:1000, Abcam) or mouse anti-GAPDH (1:1000, Santa-
Cruz Biotechnology) antibodies at 4°C overnight. After
washing, horseradish peroxidase-conjugated secondary
antibodies (anti-rabbit or anti-mouse according to the
primary antibody) were used for visualization by

chemiluminescence.

Cell Proliferation

The proliferation of cells was determined using Cell
Kit-8 (CCK-8,
Kumamoto, Japan), according to the manufacturer’s pro-
tocols. Cells were plated at 5 x 10° cells/well in 96-well
plates and treated 24 h after seeding with 10 uL. of CCK-8
solution into each well. After 2 h of incubation, the absor-

Counting Dojindo  Laboratories,

bances of the wells were observed daily for 4 days using
an enzyme-linked immunosorbent assay (Tecan Sunrise,
USA) reader.

Colony Formation Assay

NCI-N87 cells expressing shRNA were plated at a density
of 10* cells/well in 6-well plates. Following a 3-week cell
culture, formed colonies were fixed with 100% methanol
and stained with 1% crystal violet solution. The colonies
were counted and then photographed under a microscope.
The relative number of colonies in ShVEGF 3 was
adjusted to the number of colonies in ShScramble.

Scratch-Wound Healing Assay

Confluent monolayers of ShScramble and ShVEGF 3
cells in 6-well plates were wounded using a pipette tip to
determine the role of VEGF in cell migration.”° The cells
were cultured for 48 h, and the images of cells were
obtained at 0 and 48 h after wounding using the
Zeiss Axiovert 200 inverted microscope (Carl Zeiss
Microlmaging, Thornwood, NY, USA).

Cell Cycle Analysis and Apoptosis
Analysis

Cells were harvested using trypsin-ethylenediaminetetraa-
cetic acid and washed with ice-cold phosphate-buffered
saline (PBS). The cell pellet was resuspended in PBS
containing 5 puL of 10 mg/mL. RNase A and 10 pL of
1 mg/mL propidium iodide (PI). After 1 h of incubation at
37°C in the dark, the percentage of cell populations in
different phases of the cell cycle were analyzed using
FACSCalibur and CELLQUEST software. For apoptosis
analysis, cells from ShVEGF 3 and ShScramble were
collected and incubated for 15 min with Annexin-V-APC
(Allophycocyanin, BD Biosciences Pharmingen, San
Diego, USA) and PI (BD Biosciences Pharmingen) in the
dark. After incubation, 400 puL of ice-cold binding buffer
was added. The apoptotic cells were quantified using flow
cytometry.
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Tumorigenicity in Nude Mouse

Animal experiments were approved (KU15139-1) and con-
ducted in accordance with the guidelines of Konkuk
University Animal Care and Use Committee (IACUC).
Male athymic BALB/c nude mice (5-week-old) were pur-
chased from the Nara Bio animal center (NARA Biotech,
Seoul, Korea). All mice were housed in ventilated cages
under specific pathogen-free conditions at the laboratory
facility of Konkuk University (Seoul, Korea). Mice were
fed sterilized food and autoclaved distilled water ad libitum.
Tumorigenicity in nude mice was determined as described
previously.?! The mice were randomly divided into two
groups with 10 mice per group. NCI-N87 cells stably
expressing ShScramble or ShWEGF 3 (5 x 10° cells) were
subcutaneously injected into the posterior right thigh of
mice. Tumor sizes were measured with a Vernier caliper
from 9 days to 35 days after tumor injection. Tumor volumes
(mm?®) were calculated using the following formula: volume
(mm?) = (length x width?)/2. On day 35, the mice were
euthanized by cervical dislocation.

Intratumoral Injection

To assess whether the generated lentivirus containing the
VEGF 3 sequence (Virus VEGF _3) could efficiently inhi-
bit tumor growth, NCI-N87 cells (3 x 10° cells) in 100 pL
saline were subcutaneously injected into the posterior right
thighs of 5-week-old male athymic BALB/c male nude
mice divided into three groups (n=10 per group). Upon
reaching an average volume of 80—100 mm?, mice of three
groups were received an intratumoral injection of 50 pL of
saline, 5 x 10’ of Virus Scramble, or Virus VEGF 3.
After 1 week, saline, Virus Scramble, or Virus VEGF 3
was reinjected in the tumor mass. The in vivo therapeutic
experiment was approved by the IACUC of Konkuk
University (KU16170).

H&E Staining and TUNEL Staining

Formalin-fixed subcutaneous tumors were processed rou-
tinely for paraffin sectioning and cut into 4-um-thick serial
sections. The sections were stained with hematoxylin-
eosin (H&E) for histopathological examination. The num-
bers of mitotic figures were counted in five random
high-power fields (x400) per slide. TUNEL staining of
the subcutaneous tumors was performed using the In Situ
Cell Death Detection Kit (Roche, Basel, Switzerland),
according to the manufacturer’s protocol. Deparaffinized
4-um-thick tumor tissue sections were stained with DAB

and counterstained with hematoxylin. Cells stained with
brown were considered apoptotic. Images were captured
using a DP71 digital camera (Olympus, Tokyo, Japan)
using a high-power microscopic field.

Statistical Analysis

Statistical analysis was performed using the GraphPad
Prism 5 Software (GraphPad Software, San Diego,
USA). Both in vitro and in vivo data are presented as
mean * standard error of the mean (SEM). Student’s
t-test was used to assess differences between two groups,
and one-way analysis of variance (ANOVA) was used to
compare more than two groups. Tumor growth profiles
were compared using two-way ANOVA. Differences
were considered statistically significant at P < 0.05.

Results

ShRNA-Mediated VEGF Knockdown Led
to Reduced mRNA and Protein Levels in
NCI-N87 Cells

To achieve a stable reduction in VEGF expression, we
transfected NCI-N87 cells with four recombinant shRNA
expression plasmids targeting VEGF. Stable NCI-N87
cells were prepared via the infection of lentivirus-
carrying ShScramble or ShVEGFs, followed by puromy-
cin selection (3 pg/mL). After continuous culture for 7
days, the transduction efficiency of the established stable
transduced NCI-N87 cells was measured using flow
cytometry and fluorescence microscopy. The transduc-
tion efficiencies of ShScramble and ShVEGF cell lines
were 97.15% and 98.45%, respectively, as measured
1A).
Quantitative RT-PCR and Western blotting were con-
ducted to assess the ability of four different ShVEGFs
to silence VEGF expression in vitro. ShVEGF_3 showed
significant silencing ability of VEGF mRNA using qRT-
PCR (Figure 1B). VEGF protein levels were markedly
downregulated by ShVEGF_3 and ShVEGF 4, as deter-
mined using Western blotting (Figure 1C). Results of
mRNA and protein expression revealed that SAWVEGF 3
was the most effective in silencing VEGF. Thus,

using flow cytometric analysis (Figure

VEGF 3 was chosen in the following experiments,
including in vivo studies. Results revealed no difference
in the VEGF mRNA or protein expression level between
NCI-N87 cells transfected with ShScramble and NCI-
N87 cells.
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Figure | Downregulation of VEGF expression by shRNA in NCI-N87 cells. (A) Transduction efficiency was confirmed using fluorescence microscopy and flow cytometry.
(B) Lentivirus-mediated ShVEGF_3 effectively inhibited VEGF mRNA expression in NCI-N87 cells to 46.3%. (C) Western blotting showing marked downregulation of VEGF
protein to 34.3% for ShVEGF_3 and 31.1% for ShVEGF_4. All experiments were repeated three times. Data are presented as mean + SEM. *P < 0.05; **P < 0.01.
Abbreviations: VEGF, vascular endothelial growth factor A; shRNA, short hairpin RNA; ShVEGF, stably expressing shRNA targeting VEGF in NCI-N87 cell.

VEGF Downregulation Led to Reduced
Proliferation, Colony Formation, and
Motility in vitro

To evaluate the inhibitory effect of VEGF downregula-
tion on cancer cell proliferation, the number of
ShScramble and ShVEGF 3 cells was measured using
the CCK-8 assay. Viability assessment of ShVEGF 3
showed marked inhibition of cell proliferation compared

to that of ShScramble cells. Suppression of proliferation

by ShVEGF 3 was
(Figure 2A).

To test whether VEGF silencing in NCI-N87 cells
affected clonogenic potential—an important characteristic

more dramatic from day 3

of in vivo tumor formation—we performed a colony for-
mation assay. As shown in Figure 2B, ShVEGF_3 showed
decreased colony numbers compared to ShScramble.
Compared with ShScramble, the focus number of
ShVEGF 3 dropped significantly (48.3%, P < 0.05).
These results demonstrated that the knockdown of VEGF
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expression may prevent cell proliferation and suppress the
colony formation ability of NCI-N87 cells.

To examine the invasion ability for ShVEGF 3
compared to that for ShScramble, the scratch-wound
healing assay was used. A scratch wound was created
across the cell monolayer, and the cellular migration
was monitored for 48 h after scratching. ShVEGF 3

showed a larger wound area than ShScramble. The
scratch closure areas were 45.7% and 34.5% in
ShVEGF 3 and ShScramble, respectively (Figure 2C).
The wound area of ShVEGF 3 significantly decreased
compared to that of ShScramble (P < 0.05), indicating
that ShVEGF 3 cells have impairment in their migra-
tion ability.
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Figure 2 Effect of VEGF gene silencing on NCI-N87 cell proliferation, colony formation, and migration. (A) Cell viability for SAVEGF_3 showed significant suppression
compared to that for ShScramble. (B) Downregulation of VEGF decreased the number of cell colonies in ShVEGF_3 compared to ShScramble. (C) Cell migration ability of
ShVEGF_3 was markedly decreased compared to ShScramble. Data are presented as mean * SEM. *P < 0.05; ***P < 0.0001.

Abbreviations: VEGF, vascular endothelial growth factor A; ShRNA, short hairpin RNA; CCK-8, Cell Counting Kit-8; ShVEGF, stably expressing shRNA targeting VEGF in
NCI-N87 cell line; ShScramble, stably expressing shRNA targeting scramble in NCI-N87 cell line.
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VEGEF Silencing Affected Cell Cycle

Distribution and Apoptosis in vitro

To identify mechanism responsible for the reduced prolif-
eration of ShVEGF cells, cell cycle distribution of
ShVEGF was evaluated using flow cytometry. The distri-
bution of ShVEGF 3 cells in GO/G1 increased by 9.9%
compared to that of ShScramble (Figure 3A). This result
was accompanied by a reduction of the G2/M phase cells.
These results suggested that ShVEGF 3 inhibits cell pro-
liferation by inducing GO/G1 phase arrest. As shown in
Figure 3B, the rate of apoptosis in ShVEGF 3 cells
increased by 13.7% compared to that in ShScramble
cells, indicating that VEGF knockdown reduced apoptotic
cell death in NCI-N87 cells.

ShVEGF_3 Inhibited Xenograft Tumor

Growth in vivo
ShRNA directed against VEGF downregulated VEGF

expression and inhibited tumor cell growth in vitro. To
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Figure 3 Effect of VEGF gene silencing on cell cycle distribution and apoptosis in NCI-
N87 cells. (A) ShVEGF_3 significantly increased GO/GI distribution compared to
ShScramble. (B) Apoptosis rate of ShVEGF_3 was markedly increased compared to
that of ShScramble. Data are presented as mean + SEM. *¥*P < 0,0001 (Student’s t-test).

Abbreviations: ShVEGF, stably expressing shRNA targeting VEGF in NCI-N87 cell
line; ShScramble, stably expressing shRNA targeting scramble in NCI-N87 cell line.

further examine the inhibitory effect of tumor growth for
ShVEGF 3 in vivo, a mouse xenograft model was used.
Since the first tumor appeared on day 11, growth inhibi-
tory effects were observed in the ShVEGF 3 xenografts
throughout the entire experiment (Figure 4C). We termi-
nated the tumor growth experiment as soon as the differ-
in the tumor size between ShVEGF 3 and
ShScramble xenografts became evident (P < 0.001;

ence

Figure 4A). On the last day, tumor volume was 971.6 +
393.9 mm® in the ShVEGF 3 group, whereas the tumor
volume in the ShVEGF 3 group was 449.5 + 299.9 mm®.
The average tumor weight was significantly (P < 0.01)
higher in the ShVEGF 3 group than in the ShScramble
group (Figure 4B; ShVEGF 3, 0.6 + 0.4 g; ShScramble,
1.1 £ 0.4 g). These data showed the antitumor effect of
ShVEGF 3 in NCI-N87 gastric cancer cells in nude mouse
xenografts.

Intratumoral Injection of Virus_VEGF

Attenuated the Established Tumor Growth
To assess the therapeutic effect of lentivirus-targeting
VEGF, saline, Virus Scramble, or Virus VEGF 3 was
injected into NCI-N87-derived tumors. The injection of
Virus VEGF 3 subsequently attenuated tumor growth
from day 12 compared to the injection of Virus_Scramble
(Figure 5B). At the endpoint of the experiment, the tumor in
the Virus VEGF_3 group showed decreased size compared
to that in the Virus_Scramble group (Figure 5A). H&E and
TUNEL staining of tumor sections excised from the mice
was conducted to determine the biological effects of
Virus. VEGF 3. To assess cell proliferation and apoptosis,
tumor sections excised from the mice were stained with
H&E and TUNEL, respectively. Intratumoral injection of
Virus_ VEGF 3 showed a significant (P < 0.001) decrease
in the mitotic figure number compared to the injection of
saline or Virus Scramble and showed an increased number
saline and
Virus_Scramble injection control groups (Figure 5C
and D). Together with the results for the ShVEGF 3 xeno-
graft mice, these results indicated that Virus VEGF 3 atte-
nuated cancer cell proliferation and increased apoptotic

of apoptotic cells compared to the

effect, thereby implying its therapeutic effect on human
gastric cancer.

Discussion

VEGF is a well-known angiogenetic factor that helps
tumor growth and metastasis.”> In gastric and all the
other cancers, VEGF overexpression is closely related to
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Figure 4 Effect of SAVEGF_3 on tumor growth in the xenograft mouse model. (A) Gross appearance of ShVEGF_3 xenografts showing a decreased volume compared to
that of ShScramble xenografts. (B) Significantly reduced tumor weight of ShVEGF_3 xenografts compared to that of ShScramble xenografts. (C) Inhibitory effect of
ShVEGF_3 xenograft growth was observed at |1-31 days in tumor-bearing mice. Data are presented as mean + SEM. *P < 0.01; **P < 0.001; ****P < 0.0001.
Abbreviations: ShVEGEF, stably expressing shRNA targeting VEGF in NCI-N87 cell line; ShScramble, stably expressing shRNA targeting scramble in NCI-N87 cell line.

the clinical stage, local tumor extent, metastasis to other
organs, and recurrence of gastric carcinoma.”> > Many
studies have indicated that VEGF downregulation causes
cancer cell apoptosis and inhibits cancer growth and
angiogenesis.”*°

Since the RNAi mechanism was discovered, RNAIi
technology has been used both in vitro and in vivo
because of its diverse advantages, such as gene target-
ing, potencies for mRNA inhibition, chemical modifica-
tions, modifying target-specific sequence design without

27-30

off-target effects, and compromising potency.

siRNAs, which have a length of ~21 nucleotides, served
of
knockdown.*' An effective delivery strategy of siRNA

as effector molecules sequence-specific  gene
is critical for successful RNAi application.®? In this
study, lentiviral vectors for the delivery of shRNA
were used to suppress human gastric cancer. Because
lentiviral vectors can transduce not only dividing cells
but also non-dividing cells and are less likely to cause
transgene silencing, they offer advantages for gene ther-
apeutic applications, pharmaceutical target validation,

and functional genomics.**-**

submit your manuscript

1338

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Park et al

A Saline

Virus_Scramble Virus_VEGF_3 B

15001
—-e— Saline

-®- Virus_Scramble
-a- Virus_VEGF_3

Tumor volume (mm3)

0 3 6 9 12 15 18
Days after virus injection

D
15- %* % k%
o
o [
<
g 10+ |
5 ——
2
i
O 5
2
=
0 T T
i\oe @\0 Q?
X & <,/(9
9 A\
)
% 27
> o
S ¥

Figure 5 Therapeutic efficacy of VEGF downregulation in vivo. (A) Gross appearance of intratumorally injected tumors with normal saline, Virus_Scramble, or
Virus_VEGF_3. (B) Therapeutic effect of Virus_VEGF_3 on established xenografts compared to the saline control and Virus_Scramble xenografts. (C) In H&E and
TUNEL staining, mitotic figures, and apoptotic cells are indicated by arrows. (D) In H&E staining, tumor tissues of Virus_VEGF_3 showing decreased number of mitotic
figures per high-power field (hpf) compared to those of saline or Virus_Scramble groups. Data are presented as mean + SEM. *P < 0.05; ***P < 0.0001.

Abbreviations: VEGF, vascular endothelial growth factor A; Virus_VEGF, lentivirus including shRNA targeting VEGF; Virus_Scramble, lentivirus including shRNA targeting

Scramble.

Here, candidate sequences were generated for silencing
the protein expression of VEGF; however, no changes in
the cell proliferation of MKN-45 cells were observed in
our experiment (data not shown). The reason why knock-
down of target protein expression by shRNA did not occur
in transduced cells has remained unclear.*”> Presumably,
differences in protein expression may due to several rea-
sons such as the promoter activity differences, regions of
integration site, or multiple numbers of integrations in the
clone.>>7 This is because these factors influence the
expression levels of shRNA; therefore, multiple sequences
of shRNA should be designed for an effective gene

downregulation. Thus, lentivirus-mediated shRNA target-
ing VEGF, which showed efficient silencing of both
mRNA and protein expression, was chosen to study
in vivo tumorigenicity.

In this study, ShVEGF_3 showed stable integration
into the cellular genome via a lentivirus vector and showed
significant inhibition of VEGF protein expression. VEGF
downregulation inhibits NCI-N87 cell proliferation, col-
ony formation, and cell motility. In addition, VEGF silen-
cing affects the cell cycle and apoptosis; ShVEGF 3
significantly induced apoptosis and GO/G1 phase arrest.
As our previous study indicated, GO/G1 arrest induced
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DNA repair or apoptosis in cancer cells; the GO/G1 arrest
maintained homeostasis of the normal tissue stages and
removed mutated or hyperproliferating neoplastic cells."”
These in vitro results showed that the anticancer effect of
ShVEGF 3 was due to the induction of cell cycle arrest
and apoptosis. Subsequently, in vivo experiments were
completed to analyze lentivirus-mediated ShVEGF 3 as
a potential candidate for gastric cancer. Lentivirus expres-
sing ShVEGF 3 was intratumorally injected into estab-
lished tumors. The growth of established tumors from
NCI-N87 cells was effectively suppressed by the intratu-
moral injection of the recombinant lentivirus. These data
demonstrate that VEGF downregulation using lentivirus-
mediated sShRNA can be an effective therapeutic strategy
for gastric cancer.

These data were also supported by mitotic figure count
in the H&E slides of mouse xenograft. Mitotic figure is
a marker of cell proliferation. The observed mitotic figure
count thus suggested that VEGF silencing inhibited cancer
cell growth in vivo. The mitotic figure count is associated
with VEGF, and the results are consistent with in vitro
results performed in this study.>® There are several reasons
why the intratumoral injection of Virus VEGF may have
diverse advantageous effects. Targeting VEGF, a key reg-
ulator of angiogenesis, may induce apoptosis in several
cancer cells.**** Cancer-stromal cell interaction affects
tumor growth and metastasis in most solid tumors, includ-
ing gastric cancer. The stroma constitutes a large portion
of the gastric cancer, and together with tumor cells, stro-
mal cells produce various angiogenic factors, such as
VEGF, interleukin-8, and platelet-derived endothelial cell
growth factor.*!*?

The intratumoral injection of Virus_ VEGF to established
gastric tumors would result in VEGF downregulation not
only in cancer cells but also in stromal cells. Thus, the
intratumoral injection of Virus_ VEGF effectively suppressed
gastric cancer growth by simultaneously blocking cancer cell
and non-cancer cell growth. These results suggest that the
lentivirus-mediated intratumoral injection of ShAVEGF 3 can
be an efficient treatment for gastric cancer. But some limita-
tions including off-target effect or side-effect of lentivirus-
mediated shRNA in nude mouse exist in this study.

Conclusion

Lentivirus-mediated shRNA targeting VEGF efficiently
inhibited gastric cancer growth both in vitro and in vivo.
In addition, the intratumoral injection of Virus VEGF
exhibited an inhibitory effect on tumor growth. Although

there are some limitations to the suggested therapy, such as
high immunogenicity, lack of tumor-specific targeting, and
potential of proto-oncogenic activation, the results of this
study support the safety and therapeutic potency of lenti-
virus-mediated shRNA targeting VEGF and its applicabil-
ity in treating patients with gastric cancer.
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