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Introduction

factors inclfding genetic and epigenetic alterations
of oncogenes and tumor-suppressor genes, cell-cycle
regulators, cell adhesion molecules and DNA repair

genes (3, 4).

cells into nude mice suppressed tumor growth
. Conclusions: PTEN overexpression concomitant

Phosphatase and tensin homology deleted on
chromosome 10 (PTEN) is a tumor suppressor gene
belonging to the phosphatase family, and is recognized
as one of the most frequently mutated tumor suppres-
sors in a variety of human cancers (5). PTEN is known
to play an important role in cell proliferation, migra-
tion, and apoptosis, via negatively regulating the PI3K
signaling pathway. PTEN has also been shown to in-
hibit the activation of downstream components AKT/
protein kinase B (PKB) and transcription factors in-
cluding nuclear factor B (NF-xB) (6-8). In GC, a sig-

nificant reduction in the expression of PTEN has been
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reported and the expression negatively correlates with
tumor size, Borrmann classification, lymph node me-
tastasis, and tumor staging (9, 10). Studies with PTEN
in prostate cancer have indicated loss of a PTEN allele
in 70% of men at the time of diagnosis (11). Inacti-
vation of PTEN can be attributed to gene mutation,
hypermethylation, microRNA-mediated regulation,
and post-translational phosphorylation (12). Recent
studies have indicated that functional inactivation of
the tumor suppressor protein PTEN has been detected
in multiple cases of GC and other tumors (13). These
reports suggest that PTEN inactivation is closely re-
lated to incidence, progression and prognosis of GC.

Livin, a member of the inhibitor-of-apoptosis
protein (IAP) family is expressed in a variety of tu-
mors including GC, melanoma, neuroblastoma, meso-
thelioma and osteosarcoma (14-16). Expression of
Livin has been shown to be increased in human GC
and correlated with tumor differentiation and lymph
node metastases. The underlying mechanism behind
its effect suggests that Livin protein binds direg

Materials and methods

Construction of experimental vectors

To construct the pCL-neo-PTEN vector, briefly,
the full length of PTEN ¢cDNA was successfully cloned
from E. coli containing pCMV6-PTEN plasmid

(OriGene). The PTEN ¢DNA product was further
amplified using the following primers: PTEN forward
5-TAGAATTCATGACAGCCATCATCAAAG
AGATCG-3"and PTEN reverse 5’-CTTGTCGACT
CAGACTTTTGTAATTTGTGTATGCTG-3. The
cDNA product was purified of the agarose gel using a
DNA purification kit (Cat# 28104 GEN). The

DNA with a short hairpin RNA structure
demgnated upon the targeting gene was synthesized as:
. n forward 5GATCCGAGGTGCTTCTTCT-
JCTATTTCAAGAGAATAGCAGAAGA  AG-
CACCTCTTTTTTA-3,andsiLivinreverse5’-AGCT
TAAAAAAGAGGTGCTTCTTCTGC-
TATTCTCTTGAAATAGCAGAAGAAGCAC-
CTCG-3’ (Sangon Biotech, Shanghai, China). These
DNA chains were double-digested with BamHI and
HindIII and blunt end-ligated it to pRNAT-U6.1 vec-
tor (GeneScript) using PCR (Supplemental Figure,
1B) The recombinant plasmids were transformed into
E. coli DH50 competent cells, and the plasmids with
successful insertion of the targeted gene were selected
and sequenced.

To construct the pCL-neo-PTEN-siLivin vec-
tor, we first cut the pRNAT-U6.1-siLivin vector with
HindIII, and blunted the ends with DNA polymerase
I, large (Klenow) fragment. Next, the siLivin fragment
was cut by BglIL. In parallel, the pCL-neo-PTEN vec-
tor was cut and blunted by BstX I and Klenow frag-
ments respectively. Another sticky end was made by
BamHI. Next, the siLivin fragment was ligated into
the linear pCL-neo-PTEN to construct the pCL-
neo-PTEN-siLivin vector (Supplemental Figure,

1C). Successful construction was further confirmed
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by EcoRI digestion, and DNA sequencing (CyberSyn,
Beijing, China).

BGC823 cell transfection

In this study, the following vectors were used:
pCL-neo-PTEN vector for PTEN overexpression,
pRNAT-U6.1-siLivin vector for Livin silencing, pCL-
neo-PTEN-siLivin vector for both PTEN overexpres-
sion and Livin silencing, and pCL-neo or pRNAT-
U6.1 empty vector as the transfection control. These
vectors were constructed as described above and as
previously reported (20). The vectors mentioned above
were transfected into BGC823 cells (Culture Col-
lection of the Chinese Academy of Sciences, Shang-
hai, China), respectively, using a LipofectamineTM
2000 transfection kit (Invitrogen, Grand Island, NY).
BGC823 cells were cultured in 6-well plates at a con-
centration of 1X10° cells/mL in RPMI 1640 culture
medium at 37°C in the presence of 5% CO,. Success-
ful transfection was screened by G418 for 4 weeks
ter which the levels of mRNA and protein express
were confirmed by real-time PCR and Western blot
reported (20).

Cell proliferation assay

romide (MTT)

the culture and in-

cubated fg 7°C. Culture medium
was di of DMSO was added for
10 ystals. Absorption at 570 nm
was detecM@in an automatic plate reader (Bio-Rad,
Hercules, CA

Detection of activities of caspase-3 and -9

After transfection, 2X10°of BGC823 cells were
collected and active caspase-3 and -9 were examined
using a caspase activity detection kit (GenMed Scien-
tifics, Wilmington, DE) following the manufacturer’s
protocol. Fluorescence of each sample was detected

using a spectrometer with absorption/emission max-
ima of ~511/533 nm (Bio-Rad).

TUNEL cell apoptosis assay
Terminal deoxynucleotidyl transferase dUTP

nick end labeling (TUNEL) assay wagmgmad to detect

cell apoptosis after transfection

Cells were added onto glass

ells stained with brown
classified as apoptotic cells.

vitro cell invasion assay

In vitro cell invasion was evaluated using the
oyden Chamber Assay (Cell Biolabs, San Diego, CA)
as previously reported (21). Briefly, serum free RPMI
1640 containing 3.9 ug/uL. of Matrigel™ (BD, San
Jose, CA) was added to the upper chamber above the
filter membrane, and incubated at 37°C for 2 hours.
200 uL of serum-free cell culture supernatant of NI-
H3T3 cells was added into the lower chamber as the
chemoattractant factor. Cells (400 wL.) at a concentra-
tion of 1X10¢ cells/mL, transfected with different vec-
tors, were added to the upper chamber and cultured for
24 h at 37°C with 5% CO,. The migrated cells in the
matrigel gel were detected by hematoxylin and eosin
(HE) staining and counted at 5 random spots under a
microscope. Five chambers were repetitively detected
for each cell line transfected by different vectors At
least three independent experiments were performed.

In vivo mouse models of GC
Animal work was conducted in accordance with

protocols approved by the institutional care and use
committee for animal research at the First Affiliated
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Hospital of Zhengzhou University, China. In vivo tu-
morigenesis was investigated in BALB/c nude mice
at 5 weeks (Shanghai SLAC Laboratory Animal Co.
Ltd, Shanghai, China). Mice were bred in the animal
room with continuous air circulation at room tem-
perature maintained at 25°C -27°C and humidity of
40-60%. Sterilized food and water containing multi-
vitamins were provided for the mice. Twenty-five nude
mice were equally divided into 5 groups (n=5/group)
for xenograft transplantation of non-transfected and
transfected BGC823 cells. The vectors used for trans-
fection included pCL-neo-PTEN, pRNAT-U6.1-
siLivin, pCL-neo-PTEN-siLivin, and control. Briefly,
1X10’BGC823 (0.1 ml) cells were inoculated subcuta-
neously. Tumor size was carefully measured from day 7
after inoculation. Tumors were removed and weighted

at day 28.
Quantitative Real-time PCR

Tumor tissue (20-30 mg) from each mouse was
ground in liquid nitrogen. Total RNA was extracted
and purified by an RNA extraction kit (Iny,
Carlsbad, CA) according to the manufacture

GTTCTT-3

or tumor tissue were harvested and extract-
ed using ¢ buffer (Tris-HCI, SDS, mercaptoetha-
nol, glycerbl). Extracts were heated for 5 min in load-
ing buffer, and then equal amounts of cell extract were
separated on 12% SDS-PAGE gels. Separated protein
bands were transferred into polyvinylidene fluoride
(PVDF) membranes and the membranes were blocked
in 10% skimmed milk for 1 hour at room tempera-

ture. The primary antibodies against PTEN (catalog#
sc-133242), LIVIN (catalog# sc-71592), and p-actin
(catalog# sc-130301, Santa Cruz, CA) were diluted
according to the manufacturer’s instructions and in-
cubated overnight at 4°C. The membranes were then
incubated with the corresponding horseradish perox-
idase-conjugated secondary antibody (Santa Cruz) at
room temperature for one hour. Chemiluminescent
solution (NEN, MA) was usedg alize the blot,
followed by exposure of the #6 film (GE,
Pittsburgh, PA) for 5 mi

Statistical analyses

SD test was used to detect spe-

cific differences een the study groups. A value of

P<0.05 was gonsidered statistically significant.

Results

Jffects of PTEN overexpression and/or Livin silencing in
BGC823 cells

In order to determine the effects of PTEN over-
expression and Livin silencing we transfected the
previously constructed recombinant vectors (20) into
BGC823 cells and evaluated their mRNA and protein
expression. Our data showed that cells transfected with
pCL-neo-PTEN or pCL-neo-PTEN-siLivin resulted
in a significant increase in PTEN mRNA and protein
expression, compared to those transfected with pCL-
neo empty vector. However, we did not observe any
significant differences in PTEN expression between
pCL-neo-PTEN and pCL-neo-PTEN-siLivin trans-
fection groups (Figures 1A and 1B). Furthermore, cells
transfected with either pPRNAT-U6.1-siLivin or pCL-
neo-PTEN-siLivin resulted in a significant decrease
in Livin mRNA and protein expression (Figures 1C
and 1D). Interestingly, pCL-neo-PTEN transfection
also resulted in a significant decrease in Livin mRNA
and protein expression, although the inhibitory effect
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was not as pronounced as the effects observed in the
Livin silencing groups. Our data suggested that insert-
ing Livin siRNA into the PTEN overexpression vector
has no effect on PTEN expression but suppresses Livin
expression significantly. Thus, PTEN overexpression
might play a role in regulating Livin gene expression.

Transfection of pCL-neo-PTEN-siLivin inhibited tumor
cell proliferation and migration

We next examined the effects of PTEN and/or
Livin transfection on BGC823 cell proliferation using
the MTT assay. BGC823 cells were transfected and
monitored from Day 1 to Day 5. Our data demon-
strated that of the five experimental groups only the
pCL-neo-PTEN-siLivin transfection group resulted
in a significant inhibition of cell proliferation on days
3,4, and 5. In contrast, modulation of PTEN or Livin
individually had no significant effect on cell prolifera-
tion from days 1 to day 5 (Table 1).

To evaluate the metastasis of the transfecteg cells,

we performed a Matrigel assay in vitro. The m
cells in the matrigel gel were detected by hem
lin and eosin (HE) staining and countedin 5 rand
spots under the microscope. As shg

and 2B, both single (pCL-neq

I.-neo) transfection.
gflant gene modu-
among all groups.

dy, we evaluated cell apoptosis by
igeng. Our data showed that both single
EN or pRNAT-U6.1-siLivin trans-
fection) and concomitant (pCL-neo-PTEN-siLivin
transfection) gene modulation resulted in a signifi-
cant increase in the percentage of apoptotic cells,
compared with empty vector (pCL-neo) transfection
(Figure 3A). The percentages of the apoptotic rate for
pCL-neo-PTEN transfection, pRNAT-U6.1-siLivin
transfection, and pCL-neo-PTEN-siLivin transfec-

>

tion were 8.67 = 1.27,10.39 + 1.31, and 16.72 + 1.84,
respectively.

To characterize the underlying mechanism of
cell apoptosis, we determined the activity of caspase-3
and caspase-9 in these transfected BGC823 cells. As
shown in Figure 3B, both single and concomitant gene

modulation induced significant inczeases in the activi-

of PTEN and/or Livin

in vivo, we injected vari-

e tumors grew continuously from day 7
both ‘no transfection’ and pCL-neo con-
nsfection groups. However, the tumor growth
292 suppressed  significantly in both single gene
PCL-neo-PTEN or pRNAT-U6.1-siLivin) and con-
comitant gene (pCL-neo-PTEN-siLivin) transfected
groups, with the concomitant gene transfection group
demonstrating the better efficacy.

Tumors were collected and weighed at day 28. As
shown in Figure 4B, the tumor weights for pCL-neo-
PTEN-siLivin transfection, pCL-neo-PTEN trans-
fection, and pRNAT-U6.1-siLivin transfection were
215.42 + 35.15 mg, 461.73 + 58.17 mg, and 368.23 =+
53.72 mg, respectively, which was significantly smaller
than those in the pCL-neo transfection group (968.88
+ 194.39 mg). No significant difference was identified
between the ‘no transfection’ group (1051.29 + 175.95
mg) and the pCL-neo transfection group.

Expression of PT'EN and Livin in tumors

To verify if the inhibitory effects on tumor growth
are specific to PTEN and/or Livin gene modulation,
we examined the gene expression of PTEN and Livin
in the tumor tissues. Our data indicated that tumor
tissues from pCL-neo-PTEN or pCL-neo-PTEN-

siLivin mice resulted in a significant increase in PTEN
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C823 célls. BGC823 cells were transfected with various constructed
,BCL-PTEN, pRNAT-U6.1-siLivin, and pCL-PTEN-siLivin vec-
Pllowed by mRNA and protein quantitation. PTEN mRNA (A) and
M as an endogenous control. PTEN protein (B) and Livin protein (D)
e endogenous control. * P<0.05, compared to pCL-neo control vector transfection
. N=6/group. Data are representative of 3 experiments.

were detected by Western Blot,
or pPRANT-U6.1 control vect;

Table 1. Effect

tors as shown

sfection on BGC823 cell proliferation. BGC823 cells were transfected with various vec-
iferation was measured by MTT assay from Day 1 to Day 5. Absorption at 570 nm was detected.
a mean = standard error. N=6: each group includes 6 samples. *p<0.05, compared to pCL-neo

Day 1 Day 2 Day 3 Day 4 Day 5
0.07+0.01 0.182+0.03 0.36+0.05 0.51+0.07 0.79+0.11
0.065+0.01 0.184+0.02 0.34+0.05 0.49+0.06 0.76+0.09
0.075+0.01 0.172+0.02 0.29+0.04 0.47+0.04 0.69+0.09
0.07+0.01 0.181+0.01 0.30+0.04 0.46+0.05 0.71+0.08

pCL-neo-PTEN-siLivin 6 0.07+0.01 0.139+0.02 0.181+0.03* 0.251+0.03* 0.358+0.05*
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A

No transfection  pCL-neo control

pCL-neo-PTEN-silLivin

pCL-neo-PTEN  pRNAT-UG6.1-siLivin

150+

50+

Panetrated cell number

penetrating through the
Data are representatj

06.1-siLivin or pCL-neo-PTEN-

egilted in a significant decrease in Livin

control (Figure 5C and 5D). Our data demonstrated
that the in vivo studies on tumor tissues are compara-
ble to the in vitro studies on BGC823 cells. Therefore
our data indicate that the transfected cells maintained a
stable expression of target genes in the tumors iz vivo.

G823 cell migration. BGC823 cells were transfected with vari-
L-PTEN, pRNAT-U6.1-siLivin, and pCL-PTEN-siLivin vectors.
s was characterized by Matrigel assay. The migrated cells in the matrigel gel were
unted in 5 random spots under the microscope. (A) HE staining showed the
spots under the microscope were viewed. (B) The number of transfected cells
alyzed. *P<0.05; # P<0.01, compared to pCL-neo control vector transfection. N=6/group.

Discussion

Normal tissue cells maintain a dynamic equilib-
rium between cell proliferation and cell death. Apop-
tosis is an active mechanism of cell death. It plays an
essential role in embryo development, differentiation
and tissue morphogenesis (22, 23). Deregulation of
apoptosis leads to a variety of diseases including can-
cer. PTEN has been shown to promote apoptotic cell
death, which in turn suppresses tumor growth (24, 25).
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Figure 3. Transfection of pCL-neo-P

were transfected with various constru

tion kit. * P<0.05; #P<0.01,

ds, thus inducing cell
” In contrast, Livin was

cells more re to apoptotic stimuli than normal
cells (29, 30). ‘#hese reports are consistent with the re-
sults of the current study, indicating that PTEN over-
expression or Livin silencing can promote BGC823
cell apoptosis concurrent with inhibition of cell pro-
liferation. Most importantly, our data demonstrate a
novel effect of PTEN/Livin concomitant modulation

d pCL-neo control, pCL-PTEN, pRNAT-U6.1-siLivin, and pCL-
tivity were evaluated. (A) The number of apoptotic cells was determined by

on cell apoptosis and proliferation in comparison to
the single gene modulations tested. The functional ef-
fects of PTEN and Livin regulation on GC cell apo-
ptosis and proliferation were further supported by our
xenograft study in nude mice. Currently, no study has
investigated whether there is a direct correlation be-
tween PTEN and Livin expression and the malignancy
of gastric cancer. However, studies have demonstrated
a relationship between PTEN and Livin expression
and the malignancies of renal cell carcinoma (31, 32),
breast cancer (33), and Retinocytoma (34). These stud-
ies demonstrated that low expression of PTEN and
high expression of Livin were significantly correlated
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pes, emphasizing its role in modu-
wal and death (35). Increased PTEN
pcultured neonatal rat primary cardiomy-
ocytes leading to increased caspase-3 activity and cell
apoptosis has been reported (36), which suggests that
caspase-3 is the major effector of PTEN. In contrast,
Livin demonstrates an anti-apoptotic activity via bind-

= no transfection

pCL-neo control

pCL-neo-PTEN

t gt

PRNAT-UB.1-siLivin

CL-neo PTEN- in

1500+

ing to caspase3, -7 and -9, and its E3 ubiquitinligase.
Livin also promotes the degradation of IAP antagonist
SMAC/DIABLO (37, 38). These data suggest that
PTEN and Livin share a caspase signaling pathway
with opposite effects. Our studies are comparable with
the above studies, as we also observed significantly in-
creased activity by caspase-3 and its initiator caspase-9
in BGC823 cells with PTEN overexpression, Livin
silencing or concomitant modulation. Thus, our study
delineates an important role for PTEN and Livin on
cell apoptosis via regulation of caspase-3/9 activity in
gastric cancer consistent with earlier reported stud-
ies. Interestingly, though, concomitant gene modula-
tion led to better effects on cell apoptosis than single
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vector transfection. N=5/group.

pan important role in the regulation
etastasis. Hwang e# al. showed that
PTEN enhanced tumor metastasis by acting on VEGF
and matrix metalloproteinases (MMPs) (39). In other
studies, PTEN overexpression inhibited the migration
of glioblastoma cells (40), whereas PTEN knockdown
enhanced cell migration in fibroblasts via regulation of
focal adhesion kinase (FAK), a cytoplasmic phospho-

protein activated by integrin (41). Livin was shown to

regulate tumor cell invasion, which is vital and the first
step for metastasis, through the NFKB signaling path-
way (42, 43). Further, knockdown of Livin inhibited
tumor invasion through blocking MAPK signaling (17,
44). In our study, the migration of BGC823 cells was
significantly inhibited after transfection of PTEN, siLi-
vin, or both genes, with concomitant transfection dem-
onstrating the highest inhibitory effects. Further studies
are needed to characterize whether molecules like FAK,
NFKB, and MAPK are involved in metastasis, which is
beyond the research scope of the current study.

The results from the current study are consistent
with previous reports that either PTEN overexpres-
sion or Livin silencing significantly inhibited cell pro-
liferation and invasion, and induced cell apoptosis in
GC Most importantly, for the first time, we success-
fully established this in both 77 vitro and in vive mod-
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els with simultaneous PTEN overexpression and Livin
silencing. Our models demonstrated that concomitant
gene modulation resulted in more beneficial effects
than single gene regulation both in vitro and in vivo.

Conclusion

PTEN overexpression and Livin silencing result-
ed in potent effects on regulation of cell proliferation,
apoptosis, migration, and tumor growth compared
to single gene modulation. Thus, a combination of
PTEN overexpression and Livin silencing may repre-
sent a novel therapeutic approach for GC treatment or

gene therapy.
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