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Abstract

AIM: To explore the effects of siRNA silencing of PIK3CA
on proliferation, migration and invasion of gastric cancer
cells and to investigate the underlying mechanisms.

METHODS: The mutation of PIK3CA in exons 9 and
20 of gastric cancer cell lines HGC-27, SGC-7901,
BGC-823, MGC-803 and MKN-45 was screened by poly-
merase chain reaction (PCR) followed by sequencing.
BGC-823 cells harboring no mutations in either of the
exons, and HGC-27 cells containing PIK3CA mutations
were employed in the current study. siRNA targeting
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PIK3CA was chemically synthesized and was transfect-
ed into these two cell lines /n vitro. mRNA and protein
expression of PIK3CA were detected by real-time PCR
and Western blotting, respectively. We also measured
phosphorylation of a serine/threonine protein kinase
(Akt) using Western blotting. The proliferation, migra-
tion and invasion of these cells were examined sepa-
rately by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide (MTT), wound healing and Transwell
chambers assay.

RESULTS: The siRNA directed against PIK3CA effec-
tively led to inhibition of both endogenous mRNA and
protein expression of PIK3CA, and thus significantly
down-regulated phosphorylation of Akt (P < 0.05).
Furthermore, simultaneous silencing of PIK3CA result-
ed in an obvious reduction in tumor cell proliferation
activity, migration and invasion potential (P < 0.01).
Intriguing, mutant HGC-27 cells exhibited stronger
invasion ability than that shown by wild-type BGC-823
cells. Knockdown of PIK3CA in mutant HGC-27 cells
contributed to a reduction in cell invasion to a greater
extent than in non-mutant BGC-823 cells.

CONCLUSION: siRNA mediated targeting of PIK3CA
may specifically knockdown the expression of PIK3CA
in gastric cancer cells, providing a potential implication
for therapy of gastric cancer.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Gastric cancer is one of the most frequent cancers and is
the second leading cause of cancer-related death world-
wide!"?. Although diagnostic and surgical techniques as
well as combined chemotherapy and radiotherapy for the
treatment of gastric cancer have advanced in recent years,
the overall 5-year survival rate is still less than 20%. Thus,
it is necessary to further explore and investigate the tu-
morigenesis of gastric cancer and its novel therapy targets.

RNA interference (RNAI) refers to the inhibition of
gene expression by small double-stranded RNA (dsRNA)
molecules targeting specific mRNAs for degradationm.
The discovery of RNAI has revolutionized our under-
standing of gene regulation, led to the development of
new strategies for blocking gene function, and may yield
RNA-based drugs to treat human disease!”. To date, a
great number of studies have demonstrated that RNAi-
mediated gene silencing has promising therapeutic poten-
tial for cancer therapym.

PIK3CA encodes the key enzymatic subunit p110a
of phosphatidylinositol 3-kinase (PI3K) and is located at
3q26.3M. Few studies have addressed PIK3CA expression
in malignancies, although its mutation has been found
in many human solid cancers, including breast, gastric
and pituitary cancer’” and it plays an essential role as an
oncogene in tumor development and progression. Our
previous studies have demonstrated that increased ex-
pression of PIK3CA in the cytoplasm of gastric cancer
tissues was likely associated with lymph node metasta-
sis!"!. However, the relationship between down-regulation
of PIK3CA and proliferation as well as metastatic ability
or invasion of gastric cancer cells and the mechanism un-
detlying any such relationship remains largely unknown.

In this study, we investigated the effects of down-
regulation of PIK3CA by small interfering RNA (siRNA)
on proliferation, migration and invasion of two gastric
cancer cell lines (BGC-823 and HGC-27) as well as
p-Akt expression, with the aim of evaluating whether
the expression of PIK3CA may be linked to tumor pro-
gression, and explored the underlying mechanisms.

MATERIALS AND METHODS

Detection of PIK3CA mutation in gastric cancer cell lines
Detection of PIK3CA mutation in exons 9 and 20
was performed in 5 gastric cancer cell lines (HGC-27,
SGC-7901, BGC-823, MGC-803 and MKN-45), covet-
ing the majority of hot spots of PIK3CA gene muta-
tion. The polymerase chain reaction (PCR) amplification
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primers were designed according to the study published
by Lin et a/”. PCR products were electrophoresed on
1.5% agarose gels to ensure their integrity before purifi-
cation and DNA sequencing on an ABI 3730 XI. DNA
Analyzer (Applied Biosystems, Foster City, CA, United
States) by Biosune Ltd (Shanghai, China).

SiRNA synthesis and transfection

The siRNAs were designed and synthesized by GenePh-
arma (Shanghai, China). PIK3CA siRNA: sense 5-GGC
UAA AGA AAG CCU UUA UTT-3', antisense 5'-AUA
AAG GCU UUC UUU AGC CTT-3"; Negative control
siRNA: sense 5'-UUC UCC GAA CGU GUC ACG
UTT-3', antisense 5'-ACG UGA CAC GUU CGG AGA
ATT-3". All sequences were submitted to National Insti-
tutes of Health Blast program to ensure gene specificity.
Human gastric carcinoma BGC-823 cells were conven-
tionally cultured in Dulbecco’s modified Eagle’s medium
(DMEM) (Invitrogen Inc., Carlsbad, CA, United States)
supplemented with 2 mmol/L of L-Glutamine and 10%
FBS at 5% COz2 and 37 C. The cells were divided into
3 groups: control group (containing only transfection
reagent), negative control group (transfected with nega-
tive control siRNA) and experimental group (transfected
with PIK3CA-siRNA). When cells reached 80-90%
confluency, siRNA transfections were conducted using
Lipofectamine 2000 (Invitrogen) according to the manu-
facturer’s recommendations. Total RNAs and proteins
were prepared from samples collected before transfec-
tion and at 24 h and 48 h post transfection and used for
real-time quantitative PCR or Western blotting analysis.

Real time quantitative PCR

Transcript abundance of PIK3CA and B-actin (inter-
nal control) was relatively quantified by quantitative
real time PCR (qRT-PCR) on total RNA isolated from
the three cell groups. Briefly, 1 pug of total RNA was
reverse transcribed in a 25 pL. reaction volume using
oligo dT (15) primers and M-MLV reverse transcrip-
tase (Promega'Madison, WI, United States). The PCR
amplifications and fluorescence detections were car-
ried out using the ABI Prism 7500 Sequence Detection
System following the manufacturet's instructions. For
each sample, a relative quantity was calculated using
the 2°*““ method"". Nucleotide sequences of specific
primers for the selected genes were as follows: PIK3CA
forward primer (5'-"TGCTAAAGAGGAACACT-
GTCCA-3"), reverse primer: (5'-GGTACTGGCCAAA-
GATTCAAAG-3"); B-actin forward primer (5-CTGAG-
CAGATCATGAAGAC-3"), reverse primer (5'-CTTG-
GTGGACGCATCCTGAG-3".

Western blotting

Cell lysates were prepared in a buffer containing 0.5
mmol/L Tris*HCI (pH 7.0), 0.1% beta-mercaptoethanol,
0.5 mmol/L ethylenediaminetetraacetic acid (pH 7.0),
0.5 mmol/L ethyleneglycol-bis (2-aminoethylether)-
N,N,N',N'-tetraacetic acid (pH 7.0), 2 mmol/L leupeptin,
1 mmol/L phenylmethylsulfonyl fluoride, 2.5 mg/mL
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Aprotinin, 1 mmol/L dithiothreitol and 0.5% Triton
X-100. After protein quantitation using the Branford as-
say, 30 ug of proteins were separated by sodium dodecyl
sulfate polyacrylamide gel electrophoresis and transferred
to nitrocellulose membranes (Amersham Life Sciences,
Piscataway, NJ, United States). The membranes were
blocked using phosphate buffered saline (PBS) (pH 7.4)
containing 5% nonfat milk for 1 h, probed with primary
antibody (anti-PIK3CA) (Cell Signaling Technology, Bev-
erly, MA, United States) overnight at 4 ‘C. The membrane
was then washed with PBST (PBS + 0.1% Tween-20) and
incubated with a peroxidase-conjugated secondary anti-
body (goat anti-mouse IgG, Santa Cruz Biotechnology,
Santa Cruz, CA, United States) for 1 h. Immunoreactive
proteins were detected using an enhanced chemilumines-
cence detection reagent from BestBio (Shanghai, China).
The membrane was stripped and reprobed with anti-
phosphorylated Akt (Ser473), anti-Akt and anti-f-actin
antibodies (Cell Signaling Technology).

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay

The proliferation of BGC-823 and HGC-27 cells was
determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) assay. This assay measures
the dehydrogenase enzyme activity in metabolically active
tumor cells, as reflected by the conversion of MTT to
formazan, whose absorbance can be quantified by mea-
suring at the wavelength of 570 nm. The production of
formazan is proportional to the number of living cells,
with the intensity of the produced color serving as an
indicator of cell viability. Briefly, approximately 5 X 10°
cells/well from the three groups wete respectively seeded
in a 96-well microtiter plate, each group had six paral-
lel wells. At 24, 36 and 48 h post-transfection, 20 pL of
MTT (Sigma Chemical Co, MO, United States) (5 g/L)
labeling reagent was added to the designated wells and
cells were incubated at 37 °C for 4 h and centrifuged at
1000 rpm for 5 min. The supernatant was removed, and
150 puL dimethyl sulfoxide (IDMSO) (Sigma) was then
added to each well. After shaking the plate for 15 min,
the absorbance (A) at 570 nm was measured using Wells-
can MK3 Automatic Microplate Reader. The blank con-
trol wells with medium only were set as zero absorbance.
All experiments were performed at least three times.

Cell wound healing assay

To measure cell motility, 4 X 10° cells were seeded in
6-well plates. A central linear wound was created by
scraping the cell monolayer with a 200 pL sterile pipette
tip. The media were carefully changed to remove any
floating cells and cultured at 5% CO:2 and 37 C. Migra-
tion of cells into the denuded areas in the scraped region
was calculated at 24 h and 48 h, respectively. The wound
at 0 h was considered 100% of the average gap.

Cell invasion assay
Cell invasion was assessed using Transwell chambers (Cor-
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Cell line Nucleotide substitution Amino acid change Exon Domain

G1633A E545K 9
A3140G H1047R 20

HGC-27
MKN-45

Helical
Kinase

Detection of PIK3CA mutation in exons 9 and 20 was screened by PCR
followed by sequencing in 5 gastric cancer cell lines (HGC-27, SGC-7901,
BGC-823, MGC-803 and MKN-45). Only two cell lines carried mutations of
PIK3CA. HGC-27 cells contained the G1633A (E545K) mutation in exon 9
and MKN-45 contained the A3140G (H1047R) mutation in exon 20.

ning, NY, United States) with 50 plL. sera-free DMEM
containing 1 pg/ul Matrigel (BD, NJ, United States) in
the upper chamber. Cells (4 x 10%) were suspended with
200 uL. DMEM without fetal bovine serum and placed
onto the Matrigel. The lower chamber was filled with
DMEM 500 pL containing 0.1 pg/pL fibronectin (Sigma).
After 24 h incubation at 5% CO:2 and 37 C, the number
of cells with Hematoxylin and Eosin (H and E) staining
on the undersurface of the polycarbonate membranes
(pore size 8 mm) was scored visually in 8 random fields
using a light microscope.

Statistical analysis

Data were analyzed by GraphPad Prism 4.0 and Sigma-
Plot 8.0 software. The results were expressed as mean *
SD. Two or multiple comparisons were performed with
Student's #test or a one-way analysis of variance (ANOVA),
respectively. A value of P < 0.05 was considered statistically
significant.

RESULTS

Mutation analysis of PIK3CA

Among the 5 gastric cancer cell lines (HGC-27, SGC-7901,
BGC-823, MGC-803 and MKN-45) analyzed, PIK3CA
mutations in exon 9 or 20 were found in 2 of the 5 (40%)
cell lines. HGC-27 cells harbored the G1633A (E545K)
mutation in exon 9 and MKN-45 hatbored the A3140G
(H1047R) mutation in exon 20 (Table 1), which were con-
sistent with a previous study in gastric cancer tissues".

To gain insight into the outcome through functional
knockdown of PIK3CA, two gastric cancer cell lines
(BGC-823 and HGC-27) harboring non-mutant and
mutant PIK3CA, respectively, were selected to fulfill this
task. The selection was based on the fact that in these
three gastric cancer cell lines, the higher the expression
of PIK3CA both at the mRNA and protein level, the
more invasive the cells are!”

RNAi decreases PIK3CA and p-Akt expression

We analyzed the expression of PIK3CA mRNA in
BGC-823 cells transfected with siRNA by qRT-PCR.
Before transfection, PIK3CA mRNA was abundantly
expressed among the three groups of cells, with no
statistical significance between them (P < 0.05) (data
not shown). However, PIK3CA mRNA expression was
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Figure 1 Expression analyses of PIK3CA mRNA determined by quantitative real time polymerase chain reaction at 24 h post-transfection. Values are shown
as mean * SD. Exp: Experimental group; Neg: Negative control group; Con: Control group. *P < 0.05 vs controls, n = 3.

markedly decreased by about 70% in the experimental
group compared with the two control groups (Figure 1).
Similarly, densitometric analysis showed that PIK3CA
protein expression in the experimental group was about
2.5- and 2-fold lower than those in the control group
and negative control group, respectively (P < 0.05),
while no statistical difference in PIK3CA protein expres-
sion was found between these two control groups (P >
0.05) (Figure 2A and B). Interestingly, the level of p-Akt
protein in the experimental group was also dramatically
down-regulated compared with the two control groups
as shown in Figure 2A and C. Additionally, the levels of
PIK3CA mRNA and protein were dramatically reduced
by about 85% and 80% in the experimental HGC-27
cells in comparison with the two control groups (Figure 1,
Figure 2A and B). A similar difference was also observed
when the HGC-27 cells were assessed for protein ex-
pression of p-Akt (Figure 2A and C). Interestingly, no
significantly statistical difference in PIK3CA protein
levels was found in experimental wild-type BGC-823
and mutant HGC-27 cells (Figure 2B). These data indi-
cated that siRNA silencing of PIK3CA led to obvious
inhibition of mRNA and protein expression of PIK3CA
in these two gastric cell lines, and decreased activation
of Akt was probably due to constitutive inactivation of
PIK3CA rather than changes in its protein levels.

Effects of PIK3CA down-regulation on cell proliferation,
migration and invasion

Because PIK3CA-siRNA was able to impair activation
of the PI3K/Akt pathway, it was of significant inter-
est and a priority to assess whether this siRNA had a
functional effect on the biological properties of gastric
cancer cells. To address this, we performed a MTT assay
on gastric cancer cells transfected with siRNA against
PIK3CA. As shown in Figure 3, transfection with
PIK3CA-siRNA significantly decreased the prolifera-
tion of BGC-823 cells as compared with the controls
(P < 0.01), while the proliferation of BGC-823 cells be-
tween the control group and the negative control group
showed no statistical significance (P > 0.05), implying
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that knockdown of PIK3CA had an obvious inhibitory
impact on the proliferation of BGC-823 cells. To ex-
amine the effect of PIK3CA-siRNA on cell motility, an
in vitro wound-healing assay was performed. The results
showed that the cells transfected with PIK3CA-siRNA
had a reduced migration rate compared with the control
groups at 24 h (P < 0.05) and 48 h (P < 0.01) (Figure 4).
To further investigate the effect of PIK3CA-siRNA on
cell invasion, we determined the invasion ability of the
three groups of cells using the Transwell chambers assay.
After incubation for 24 h, the number of control group
and negative control group cells which had invaded the
polycarbonate membrane of the Matrigel chamber was
approximately 3.3- and 2.8-fold greater than that of the
experimental group, respectively [(23.35 £ 1.37) and
(20.24 + 1.16) »s (6.98 £ 0.56)](P < 0.01) (Figure 5). The
results of this experiment support the suggestion that
PIK3CA-siRNA reduces invasion ability of gastric can-
cer BGC-823 cells. As expected, silencing of PIK3CA
in mutant HGC-27 cells led to reduced cell proliferation
and invasion to a greater extent than that in non-mutant
BGC-823 cells (Figures 3-5), implying that PIK3CA
knockdown may preferentially inhibit proliferation and
invasion of mutant PIK3CA cells.

DISCUSSION

It is currently thought that gastric cancer develops through
a complex process, such as the activation of oncogenes
and/or the inactivation of tumor suppressor genesm.
However, the critical underlying molecular mechanism of
its progression is largely unclear. In recent years, many re-
searchers have focused on signaling pathway deregulation
in cancers. Among them, dystegulation of the PI3K/Akt
pathway in a wide spectrum of human cancers has be-
come a research hotspot.

The PI3Ks are heterodimers consisting of p110 cata-
Iytic and p85 regulatory subunits and have been linked
to an extraordinarily diverse group of cellular functions,
including differentiation, cell adhesion, apoptosis and
tumor invasion"". Many of these functions relate to the
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ability of PI3K to activate its key downstream effector detectable in a variety of tumors' ", including gastric

Akt Many studies have shown that Akt activity is cancer shown by our group“o]. Elevated phosphorylated
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Akt (p-Akt), the activated form, has been demonstrated
in multiple malignanciesm and is often functionally
linked to tumor progression, such as in thyroid cancer”,
and metastasis, such as in gastric cancet!. As reported
by Grille ¢ a/'”, Akt activation in cancer cells increased
the motility required for tissue invasion and metastases
and was consequently associated with poor prognosis in
many cancers. Our previous study'” also demonstrated
that different gastric cancer cell lines (HGC-27, BGC-823
and SGC-7901) varied in their invasiveness which was as-
sociated with their expression level of PIK3CA.

In the present study, our results revealed that both
PIK3CA mRNA and protein were markedly inhibited in
two cell lines transfected with PIK3CA-siRNA, which
is consistent with many studies showing that the intro-
duction of a 21 nt dsRNA into cancer cells strongly
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suppressed the expression of specific mRNAs™*., Fur-
thermore, RNAi-directed targeting of PIK3CA in these
cells could reduce the capability of cell proliferation,
migration and invasion. More importantly, a low level of
p-Akt in the experimental group was detected compared
with the two control groups. The above evidence indi-
cates that a robust knockdown of PIK3CA by siRNA
may result in dectreased catalytic activity of PI3K, sub-
sequent de-phosphorylation of the downstream effector
Akt, and thus low activity or aberrant inactivation of the
PI3K/Akt pathway in these cells. Our data are in agree-
ment with previous observations that PI3-kinase activity
is solely caused by gene-dependent expression of the
catalytic subunit p110¢, (PTK3CA)***,

Interestingly, the Transwell chambers assay showed
that PIK3CA mutant HGC-27 cells had an approximate-
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ly 5-fold increased ability to invade the Matrigel (Figure 5)
compared to PIK3CA non-mutant BGC-823 cells, sug-
gesting that PIK3CA mutation contributed to cell inva-
sion, which is consistent with a previous study in which
PIK3CA mutations occur late in glioma progressionm
Taken together, siRNA targeting PIK3CA effectively
inhibits the proliferation and invasion of gastric cancer
cells zia aberrant inactivation of the PI3K/Akt pathway,
and would be expected to become a new strategy for the
therapy of gastric cancer regardless of PIK3CA mutation.
However, like all other newly developed therapeutic meth-
ods, applying RNAi »iz siRNAs to living animals, especially
humans, poses many challenges such as their poor stabil-
ity and different effectiveness in different cell typesm’zs].
Further studies will be required to develop efficient ap-
proaches for the delivery of siRNA into target cells.
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Background

Gastric cancer is the second leading cause of cancer-related death worldwide,
and no ideal approach is available to treat this disease. Thus, it is necessary to
further explore and investigate the tumorigenesis of gastric cancer and its novel
therapy targets. PIK3CA encoding the key enzymatic subunit p110a of phos-
phatidylinositol 3-kinase (PI3K), plays a vital role as an oncogene in tumor de-
velopment and progression. Few studies have addressed PIK3CA expression
in malignancies, although its mutation has been found in various human solid
cancers. In addition, the relationship between PIK3CA expression and invasion
of gastric cancer cells and the mechanism underlying any such relationship
remains largely unknown.

Research frontiers

It is currently thought that gastric cancer develops through a complex process,
such as the activation of oncogenes and/or the inactivation of tumor suppressor
genes. However, the critical underlying molecular mechanism of its progression
is largely unclear. In recent years, many researchers have focused on signaling
pathway deregulation in cancers. Among them, dysregulation of the PI3K/Akt
pathway in a wide spectrum of human cancers has become a research hotspot.

Innovations and breakthroughs

Previous studies have mainly focused on PIK3CA mutations in many human
solid cancers. In the present study, the authors investigated the effects of the
knockdown of PIK3CA by small interfering RNA on proliferation, migration and
invasion of two gastric cancer cell lines with or without mutation of PIK3CA, with
the aim of evaluating whether the expression of PIK3CA may be linked to tumor
progression and may ultimately benefit from gastric cancer therapy regardless
of the presence of PIK3CA mutations.

Applications

Functional knockdown of PIK3CA mediated by siRNA effectively inhibits the pro-
liferation and invasion of gastric cancer cells with or without mutation of PIK3CA
via aberrant inactivation of the PI3K/Akt pathway, and would be expected to be-
come a new strategy for gastric cancer therapy. Further studies will be required
to develop efficient approaches for the delivery of siRNA into target cells.
Terminology

PIK3CA gene, encoding the key catalytic subunit p110a of PI3K, is located
on chromosome 3g26.3. AKT, a serine/threonine kinase, serving as the major
downstream effector of PI3K, regulates many biological processes, such as
proliferation, apoptosis and growth.
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