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ShRNA-mediated silencing of the PI3K p85a gene
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Abstract: Phosphatidylinositol 3-kinase (PI3K) plays an important role in cell growth, proliferation and motility. The
regulatory subunit, p85, is the most abundantly expressed regulatory isoform of PI3K and is essential for the acti-
vation of PI3K. PI3K p85a is often over-expressed in colorectal cancer (CRC) cells, but its role in the migration and
invasion of CRC remains unclear. In this study, lentivirus-mediated PI3K p85a-specific ShRNA was used to knock
down PI3K p85a expression in CRC cells. Cell wound healing and transwell assays were then performed to examine
the effect of PI3K p85a on cell migration and invasion, respectively. Furthermore, the expression of cellular prolif-
eration and migration proteins was assessed in PI3K p85a knockdown CRC cells. Finally, in vivo metastasis assays
were performed to identify whether the knockdown of PI3K p85a suppressed spleen and liver metastases in nude
mice. The results revealed effective inhibition of the migration and invasion of PI3K p85a knockdown CRC cells,
partially by regulating cell adhesion and migration-related proteins such as MMP-2, MMP-9 and COX-2. Moreover,
knockdown of PI3K p85a significantly suppressed tumor metastasis in nude mice. Our findings show that PI3K
p85a plays an important role in the migration and invasion of CRC. More importantly, further investigations suggest
that the PI3K pathway may regulate CRC development by modulating cellular proteins related to extracellular matrix
formation and cell adhesion. These results improve our understanding of the detailed mechanism of the PI3K path-
way in the regulation of tumor metastasis.
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Introduction and complex family that includes 3 classes
with multiple subunits and isoforms [5, 6]. The
classl PI3Ks have been extensively studied.
They are heterodimers consisting of a number
of shared regulatory subunits (p85«, p85B or
p55 y) and a unique catalytic subunit (p110q,

p110pB or p1109) [5, 6]. PI3K is known to be

Colorectal cancer (CRC) is the third most com-
mon malignant tumor worldwide, accounting
for 8% of all cancer-related mortalities [1, 2].
Conventional chemotherapy for CRC provides a
promising approach to reduce the incidence

and improve the prognosis of CRC; however, its
clinical application is limited by the efficacy and
toxicity of the chemotherapy treatment [1, 3].
Cancer cell metastasis and invasion are con-
sidered the important characteristics of sys-
temic cancer morbidity and mortality [4]. There-
fore, a better understanding of the molecular
basis related to the interactions between CRC
and the host would facilitate the development
of new therapeutic targets.

Phosphatidylinositol 3-kinase (PI3K), an intra-
cellular signal transducer, comprises a large

involved in a wide range of cellular processes,
including cell growth, proliferation, motility and
intracellular trafficking [5, 6]. Recent studies
have shown that an increase in PI3K activity is
associated with the development of colorectal,
bladder, and ovarian cancer [7-9], suggesting
that PI3K may function as a potential oncogene
in these cancers.

The regulatory subunit, p85«, the most abun-
dantly expressed regulatory isoform of PI3K, is
essential for the stability of the p110 catalytic
subunit and for its recruitment to activated
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growth factor receptors [10]. PI3K p85a forms
a complex with a protein network associated
with oncogenic fusion tyrosine kinases, result-
ing in constitutive activation of the p110 cata-
lytic subunit and subsequently the PI3K path-
way [10]. Therefore, p85a has been identified
as one of most important cancer antigens for
CRC. However, our understanding of p85a reg-
ulation in the development of CRC remains
limited.

RNAI is becoming one of the most widely used
gene silencing technologies because of its high
sequence specificity for target genes [11, 12].
Methods to apply the RNAi effect include siRNA,
shRNA, and miRNA. shRNA, an effective means
of RNAI that provides effective silencing longev-
ity, a variety of delivery options and low cost, is
a promising technique for the precise knock-
down of gene expression to achieve a thera-
peutic effect [13, 14]. The suppression of a par-
ticular gene by RNAI to explore its role in CRC
oncogenesis has been reported [15, 16], and
this technology has opened new avenues in
CRC therapeutics. In this study, we constructed
PI3K p85a knockdown CRC cells using an RNA
interference (RNAi)-based lentivirus, and inves-
tigated proteins related to the PI3K pathway.
The effect of PI3K knockdown on tumor pro-
gression in vivo was also examined. The aim of
this study was to elucidate the molecular mech-
anism responsible for the metastasis of CRC.

Materials and methods

Ethical standards

All animal experiments were conducted in
accordance with the U.K. Animals (Scientific
Procedures) Act, 1986 and associated guide-
lines and the EU Directive 2010/63/EU for ani-
mal experiments. All animal experiments were
approved by the Institutional Animal Care and
Use Committee of The Third Affiliated Hospital
of Guangzhou Medical University.

Cell culture

The human CRC cell lines LoVo and SW480
were grown in RPMI-1640 medium (GIBCO,
Scotland, UK) supplemented with 10% fetal
bovine serum (FBS) (GIBCO) at 37°C with 5%
CO, in a humidified atmosphere.

Western blot analysis

Cells were harvested and washed with phos-
phate-buffered saline (PBS) and then resus-
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pended and lysed in lysis buffer (50 mM Tris,
150 mM NaCl, 0.5% Triton X-100, and 0.5%
deoxycholate, 0.5 mM sodium orthovanadate,
1 mM phenylmethylsulfonyl fluoride) for 15 min
at 4°C. After quantification and boiling in SDS
electrophoresis buffer, the protein samples
were electrophoresed in a 10% SDS-PAGE gel
and transferred to a polyvinylidine difluoride
(PVDF) membrane (Millipore). The membrane
was blocked for 1 h in Tris-buffered saline with
0.05% Tween 20 (TBST) containing 5% (W/V)
nonfat milk and incubated with the indicated
primary antibody overnight at 4°C followed by
secondary antibody for 1 h at room tempera-
ture. The membrane was then washed 3 times
for 10 min each with TBST and incubated with
peroxidase-conjugated goat anti-mouse IgG
(1:5000; Amersham Pharmacia Biotech, USA)
for 1 h. After 3 washes with TBST, the mem-
branes were visualized using an enhanced che-
miluminescence system (ECL; Amersham Ph-
armacia Biotech, USA). The following primary
antibodies were used: antibodies against PI3K
p85a (1:1000, Santa Cruz Biotechnology, USA),
matrix metalloproteinase-2 (MMP-2) (1:200,
Santa Cruz Biotechnology, USA), MMP-9 (1:500,
Santa Cruz Biotechnology, USA), cyclooxygen-
ase-2 (COX-2) (1:500, Santa Cruz Biotechno-
logy, USA), and GAPDH (1:1000, Santa Cruz
Biotechnology, USA).

Construction of PI3K p85a shRNA lentiviruses

The lentiviral vector LV-008 (Forevergen Bios-
ciences, China) was used to express a short
hairpin RNA (shRNA) containing the GFP gene
as a reporter. The recombinant lentiviruses
were designed to generate a shRNA targeting
the PI3K p85a gene (5'-GCUCAGUAUAAUCCC-
AAAUUG-3’) and a negative control (5-TGGTT-
TACATGTCGACTAA-3’). Briefly, LV-008-shp85a
plasmids and packaging vectors were cotrans-
fected into HEK293 T cells to generate the
respective lentivirus. The supernatant contain-
ing the lentiviruses was collected at 72 h post-
transfection, and then the lentiviruses were
concentrated by ultracentrifugation for 1.5 h at
25,000 rpm in a Beckman Instruments (Fuller-
ton, CA, USA) SW28 rotor and resuspended in
phosphate-buffered saline (PBS). For lentivirus
infection, LoVo or SW480 cells was cultured in
6-well plates and infected with lentivirus in the
presence of 5-10 ug/ml of Polybrene. To iden-
tify PIBK p85a-knockdown cells, transfected

Int J Clin Exp Med 2017;10(9):13159-13166



PI3K p85a gene and colorectal tumor

SW480-ShNC SW480-shp85a
A sW480 LoVo B C
PI3K p85a LoVo-shNC LoVo-shp85a
prope——L I
PI3K D85OG m
GAPDH NN S

Figure 1. A. PI3K p85a was over-expressed in CRC cells. Western blot analy-
sis was performed to evaluate PI3K p85a protein expression levels in the
CRC cell lines. GAPDH was used as a loading control. B, C. Knockdown of
PI3K p85a using lentivirus-mediated shRNA in CRC cell lines. The recombi-
nant lentiviruses contained the short shRNA targeting the specific sequence
of the PI3K p85a gene or NC shRNA were constructed as described in Mate-
rial and methods. LoVo or SW480 cells were infected with the lentiviruses,
and PI3K p85a knockdown cells were screened using puromycin. Western
blot analysis was performed to examine the accumulation of PI3K p85a pro-
tein in SW480 and LoVo cells. GAPDH was used as a loading control.
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Figure 2. Knockdown of PI3K p85a reduced the wound healing ability of CRC
cells. Wound scratch images of PI3K p85a knockdown SW480 and LoVo
cells at different time points.

Transwell migration and inva-
sion assay

Transwell migration assays
were performed using 8-um
pore transwell chambers in
24-well plates (Corning Costar,
Cambridge, MA, USA). Cells in
the logarithmic growth phase
were starved overnight in se-
rum-free RPMI1640 medium.
The cell suspension (4x10°%
cells/ml, 100 ul) was then ad-
ded to the upper chamber,
and the lower chamber was
filled with 800 yl RPMI1640
medium containing 10% FBS.
The cells were then cultured
for another 12 h. After swab-
bing the non-migrated cells
from the upper chambers, the
cells that had migrated to
the lower chambers were fixed
with 4% paraformaldehyde in
PBS and stained with Giem-
sa. Finally, the cells that had
migrated to the lower cham-
bers were counted under a
light microscope (x200). The
cell invasion assay procedure
was similar to that used for
cell migration, except the tran-
swell membranes were pre-
coated with 50 pg/ul of Ma-
trigel® (BD Biosciences, Fran-
klin Lakes, NJ, USA), and the

Table 1. Knockdown of PI3K p85a reduced
the cell adhesion ability of SW480

Group N Mean + SD t P
Control 3 0.271+£0.006 5.32 0.006
RNAI 3 0.219 £ 0.015 6

cells were screened with 2 ug/ml of puromycin
for 10-15 days post-infection.

Scratch wound healing assay

The indicated cells were seeded in 12-well
plates at a density of 2x10° per well. When a
monolayer of cells covered the bottom of the
well, the surface was scratched vertically with a
pipette tip (10 ul), and then photos of the cells
were obtained at O h, 24 h, 48 h and 72 h to
examine the wound healing ability.
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cells were incubated for 48 h. Cells that migrat-
ed to the lower chambers were counted in the
same manner as described for the cell migra-
tion assay.

In vivo metastasis assay

PI3K p85a knockdown SW480 cells (6x10°
cells) and NC SW480 cells were injected in-
travenously into the tail vein of 4-6-week-old
BALB/c nude mice. After 6 weeks, spleens and
livers were excised and examined for tumor
growth.

Statistical analyses

SPSS 18.0 statistical software was used for
the statistical analysis. Data are presented as
the mean * SD, and all experiments were per-
formed in unique triplicates (n = 3). Data were
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Figure 3. Knockdown of PI3K p85a reduced the migration of CRC cells. Tran-
swell migration assays of PI3K p85a knockdown SW480 and LoVo cells.

evaluated using the Student’s t test for com-
parison between two groups. P<0.05 was con-
sidered to indicate a statistically significant
difference.

Results
PI3K p85a was over-expressed in CRC cells

We first sought to identify PI3K p85a-sensitive
cell lines. To achieve this goal, 2 CRC cell lines
were used to examine the protein accumula-
tion of PI3K p85a by Western blot analysis.
As shown in Figure 1, protein accumulation of
PI3K p85a in LoVo and SW480 cells was simi-
lar to that of GAPDH (Figure 1A). These results
indicated that PI3K p85a was abundantly over-
expressed in LoVo and SW480 cells.

Lentivirus-mediated high-efficiency infection of
LoVo and SW480 cells for PI3K p85a knock-
down

To examine the role of PI3K p85a in CRC, sta-
ble PI3K p85a knockdown LoVo and SW480
cell lines were established using lentivirus-
mediated RNAi technology. Briefly, a fragment
targeting PI3K p85a was designed and implant-
ed in a lentiviral vector, and a non-targeting
fragment was used as a negative control (NC).
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SW480-shp85a

The lentivirus containing PI3K
p85a and the NC fragments
was packaged and purified to
infect LoVo and SW480 cells,
respectively. The efficiency of
lentiviral infection was exam-
ined by detecting GFP expres-
sion (data not shown). Wes-
tern blot analysis revealed
that the protein level of PI3K
p85a was dramatically dec-
reased in shp85a compared
with NC cells (Figure 1B, 1C).

Knockdown of PI3K p85a
reduced the wound healing
ability of CRC cells

After establishing p85a kn-
ockdown CRC cell lines, we
examined the role of p85« in
the migration of CRC cells.
Next, we determined the cell
wound healing activities of
SW480 and LoVo cells. As
shown in Figure 2, the wound healing activity
of p85a knockdown SWA480 cells was signifi-
cantly reduced compared to that of NC cells. In
NC cells, the “wound” had almost completely
healed at 72 h, whereas the “wound” in p85«
knockdown cells remained clearly visible at the
same time point. Similar results were obtained
for LoVo cells. The wound healing activities of
LoVo cells from O to 72 h were significantly
reduced when PI3K p85a was knocked down
(Figure 2; Table 1).

Knockdown of PI3K p85a reduced the migra-
tion and invasion of CRC cells

To validate the findings from the wound healing
assays and to investigate the role of PISK p85«
in cell migration, transwell migration assays
were performed to examine the migration activ-
ities of SW480 and LoVo cells. As shown in
Figure 3, p85a knockdown significantly re-
duced SW480 and LoVo cell migration through
the transwell at 12 h. Moreover, to further
investigate cell invasion, transwell invasion
assays were performed with pre-coated tran-
swells. As shown in Figure 4, p85a knockdown
reduced the invasion activity of SW480 and
LoVo cell. Taken together, these results indicate
that PIBK p85a plays an important role in the
migration and invasion of CRC cells.

Int J Clin Exp Med 2017;10(9):13159-13166
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Figure 4. Knockdown of PI3K p85a reduced the invasion of CRC cells. Tran-
swell invasion assays of PI3K p85a knockdown SW480 and LoVo cells.
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Figure 5. Knockdown of PI3K p85a reduced the ac-
cumulation of MMP-2, MMP-9 and COX-2. Western
blot analysis was performed to examine the accu-
mulation of MMP-2, MMP-9 and COX-2 in LoVo cells.
GAPDH was used as a loading control.

Knockdown of PI3K p85a reduced the accu-
mulation of proteins related to cellular migra-
tion and invasion

We examined whether knockdown of PI3K

p85a affected proteins related to cellular
migration and invasion. To achieve this goal,
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western blot analysis was per-
formed to measure the levels
of MMP-2, MMP-9 and COX-2,
which are known to be associ-
ated with cancer cell prolifera-
tion and invasion [17-19]. As
shown in Figure 5, the levels
of MMP-2, MMP-9 and COX-
2 were all significantly reduc-
ed when p85a was knocked
down.

Knockdown of PI3K p85a
suppressed spleen and liver
metastases in nude mice

After demonstrating that PI3K
p85« plays an important role
in the migration and invasion
of colorectal cancer cells, we
examined tumor metastasis
in vivo. To achieve this goal,
p85a knockdown LoVo cells
and NC cells were injected
intravenously into nude mice,
and spleens and livers were excised at 6 weeks
post-injection. As shown in Figure 6, no visible
metastatic nodules were observed on the sur-
face of the spleens or livers from nude mice
injected with p85a knockdown LoVo cells,
whereas injection of NC cells resulted in clear
metastases in the spleens and livers. Sum-
marily and consistent with the results obtained
from the migration and invasion assays in vitro,
PI3K p85a knockdown significantly suppressed
tumor metastasis in nude mice.

Discussion

CRC is one of the most common and lethal
malignancies worldwide [1]. Consequently, the
identification of additional therapeutic targets
that contribute to the development and pro-
gression of CRC is desirable to combat this
deadly disease. The migration and invasion of
CRC cells is critical for the process of tumor
metastasis [1]. PI3K p85a has been identified
as one of most important cancer testis anti-
gens because of its indispensable role in cell
growth, proliferation and motility [5, 6, 8, 10].
Thus, in the present study, we aimed to investi-
gate the role of PI3K p85a in the development
of CRC.

The PI3K pathway is a key oncogenic signaling
pathway in a number of cancers because its

Int J Clin Exp Med 2017;10(9):13159-13166
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Scrambled

a barrier to the spread of can-
cer cells to distal sites by re-

sh-p85a

liver

stricting tumor growth and in-
vasion [21] Monoclonal. MM-
Ps are initially expressed as
inactive pro-enzymes that re-
quire proteolytic processing
to release the active enzyme
[22, 23]. More than 20 differ-
ent MMPs act on a broad sp-
ectrum of substrates, includ-
ing collagen type |, Il, lll, and
IV and stromyelin [24]. MMP-2
and MMP-9 are thought to a
play a key role in the degrada-

Figure 6. Knockdown of PI3K p85a suppressed tumor metastasis in nude
mice. PI3K p85a knockdown SW480 cells were inoculated into nude mice,
and the mice were killed after 6 weeks to excise and examine spleens and
livers. Nude mice inoculated with NC cells served as a control.

activation is required for tumor cell proliferation
and migration. Given that the regulatory p85a
submit is essential for the stability of the p110
catalytic submit of the PISBK complex, the regu-
lation of p85a expression levels could affect
tumor development [6, 8]. This regulation may
depend on a critical molecular balance between
the regulatory and catalytic subunits [20]. In
our study, knockdown of PI3K p85« significant-
ly reduced the migration and invasion activities
of CRC cells. Further investigations have shown
that p85a knockdown results in the down-regu-
lation of cellular proteins related to extracellu-
lar matrix (ECM) formation and cell adhesion.
Our findings reveal detailed mechanisms by
which the PI3K pathway regulates cancer cell
behavior.

A critical step for tumor cell invasion is the deg-
radation of the ECM, a complex network of
extracellular macromolecules that functions as
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tion of type IV collagen and
gelatin, the 2 main compo-
nents of the ECM. MMP-2 and
MMP-9 are secreted in their
latent zymogenic form and are
subsequently cleaved by other
MMPs or proteases to yield
the activated forms [19]. The-
refore, MMP-2 and MMP-9 are
key proteins involved in the
initial breakdown of ECM [19].
Our transwell assays showed
that knockdown of PI3K p85a
in CRC cells led to remarkable
suppression of tumor cell mi-
gration and invasion. More-
over, protein expression levels
of MMP-2 and MMP-9 were
also reduced in these cells. These results sug-
gest that the PI3K signal transduction pathway
may control tumor metastasis by regulating the
activation of MMP-2 and MMP-9, which in turn
affect ECM degradation.

COX is known to have 2 isoforms: COX-1 and
COX-2 [17]. Both enzymes can catalyze the con-
version of arachidonic acid and other fatty
acids to prostaglandins [17]. COX-1 produces
metabolites that play a central role in normal
physiologic functions [18], whereas COX-2 is an
inducible enzyme that is expressed in response
to a variety of physiological stimuli such as
inflammation, adhesion, and neoplasia [18]. In
tumors, the main product of COX-2 is prosta-
glandin E2, which plays an important role in
cancer by promoting cell proliferation, survival
and angjogenesis [25]. The cellular effects of
PGE2 are mediated through a family of G pro-
tein-coupled receptors, including EP1, 2, 3 and

Int J Clin Exp Med 2017;10(9):13159-13166



PI3K p85a gene and colorectal tumor

EP4 [26]. The EP4 receptor has been shown to
activate extracellular signal-regulated kinase 1
and 2 via the PI3K pathway [26, 27]. Therefore,
knockdown of PI3BK may down-regulate EP4,
decrease the expression of COX-2 and PGE2,
and eventually reduce the migration and adhe-
sion of CRC cells.

Conclusions

In summary, this report showed that knock-
down of PI3K p85a suppressed the migration
and invasion of CRC cells in vitro and sup-
pressed tumor metastasis in vivo. Further
investigation showed that the expression levels
of proteins such as MMP-2, MMP-9 and COX-2,
which are related to extracellular matrix for-
mation and cell adhesion, were reduced in
response to p85a knockdown, shedding new
light on the potential mechanism by which the
PIK3 pathway modulates the progression of
CRC. In future studies, we will continue to
explore the influence of high or low expression
levels of proteins related to the PIK3 pathway
on cell migration and invasion, with a greater
focus on in vivo models, to reveal the precise
molecular mechanisms of PI3K in CRC.
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