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TIPE2 Overexpression Suppresses the Proliferation, Migration, and Invasion
in Prostate Cancer Cells by Inhibiting PI3K/Akt Signaling Pathway
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Tumor necrosis factor-o. (TNF-o)-induced protein 8-like 2 (TNFAIP8L2, TIPE2) is involved in the invasion
and metastasis of human tumors. However, the functional role of TIPE2 in prostate cancer remains unclear. In
the present study, we explored the role of TIPE2 in prostate cancer and cancer progression including the molec-
ular mechanism that drives TIPE2-mediated oncogenesis. Our results showed that TIPE2 was lowly expressed
in human prostate cancer tissues and cell lines. In addition, restored TIPE2 obviously inhibits proliferation in
prostate cancer cells. TIPE2 overexpression also suppresses the epithelial-mesenchymal transition (EMT) pro-
cess and migration/invasion in prostate cancer cells. Mechanistically, TIPE2 overexpression obviously inhibits
the phosphorylation levels of phosphatidylinositol 3-kinase (PI3K) and Akt in prostate cancer cells. In conclu-
sion, for the first time we demonstrated that TIPE2 overexpression may suppress proliferation, migration, and
invasion in prostate cancer cells by inhibiting the PI3K/Akt signaling pathway. Therefore, TIPE2 might serve

as a potential therapeutic target for human prostate cancer.
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INTRODUCTION

Prostate cancer is the most common malignancy and
the second leading cause of cancer-related death in males
(1). Despite advances in surgery and new chemotherapy
regimens over the last few decades, the prognosis for
patients with advanced prostate cancer remains poor
(2—4). This high mortality rate is attributed to the aggres-
sive migration and invasion of prostate cancer cells (5).
Thus, a better understanding of molecular mechanisms
and identification of tumor suppressors is essential for
the development of diagnostic markers that aid novel
therapeutic strategies for prostate cancer.

Tumor necrosis factor-o. (TNF-o)-induced protein
8 (TNFAIPS) family, a new subfamily of death effec-
tor domain that contains proteins, consists of TNFAIPS,
TIPEI, TIPE2, and TIPE3 (6). TIPE2 was originally
identified as an inflammation-related gene (7); human
TIPE2 shares approximately 53% identity and 78%
similarity amino acid sequence with TNFAIPS (8). In
addition, TIPE2 plays an important role in maintaining
immune homeostasis by negatively regulating T-cell
receptor and Toll-like receptor (TLR) signaling (8).
Recently, several studies have demonstrated that TIPE2

was involved in the development of cancers (9—11). One
study showed that the expression level of TIPE2 was
significantly decreased in lung cancer cell lines, and
TIPE2 overexpression inhibited lung cancer cell pro-
liferation, colony formation, and cell invasion in vitro
(12). Zhang et al. reported that TIPE2 can inhibit TNF-
a-induced hepatocellular carcinoma cell metastasis via
ERK1/2 downregulation and NF-xB activation (13).
However, the functional role of TIPE2 in prostate cancer
remains unclear. In the present study, we explored the
role of TIPE2 in prostate cancer and cancer progression
including the molecular mechanism that drives TIPE2-
mediated oncogenesis.

MATERIALS AND METHODS
Human Tissue Specimens

Tissue samples were collected from healthy individ-
uals and patients with prostate cancer admitted to the
Department of Urology, Hunan Provincial People’s
Hospital (China). All tissues were classified according
to the WHO criteria and staged according to the tumor—
node—metastasis classification. Written informed con-
sent was obtained from all patients, and the study was
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approved by the Institute Research Ethics Committee of
Hunan Provincial People’s Hospital (China).

Cell Culture

Human prostate cancer cell lines (LNCaP, DU-145,
and PC-3) and the normal prostate cell line (RWPE-1)
were purchased from the American Type Culture Col-
lection (ATCC; Manassas, VA, USA) and maintained
in Dulbecco’s modified Eagle’s medium (DMEM; Invi-
trogen, Carlsbad, CA, USA) supplemented with 10%
fetal bovine serum, 100 pg/ml penicillin, and 100 pug/ml
streptomycin (Sigma-Aldrich, St. Louis, MO, USA).
Cells were seeded in cell culture plates and left to grow in
a humidified incubator at 37°C, 5% CO, atmosphere.

Construction of TIPE2-Overexpressing Cell Lines

Full-length human TIPE2 was generated from human
peripheral blood mononuclear cell (PBMC) cDNA by poly-
merase chain reaction (PCR) and cloned into pcDNA3.1
vector. Twenty-four hours prior to transfection, cells
were plated onto a 96-well plate (Invitrogen) at 40-60%
confluence. Then the recombinant plasmid pcDNA3.1-
TIPE2 and mock plasmid were transferred into cells
using Lipofectamine 2000 (Invitrogen) according to the
manufacturer’s protocols. The transfection efficiency
was confirmed by Western blot.

Quantitative Real-Time PCR (qRT-PCR)

Total RNA was extracted from tissue samples or cells
with TRIzol Reagent (Invitrogen) according to the manu-
facturer’s instructions. cDNA was synthesized using the
Reverse Transcription System (Promega, Madison, WI,
USA). gqRT-PCR was carried out in an Applied Biosystems
7500 System with Power SYBR Green PCR Master Mix
(Applied Biosystems). The specific primers for TIPE2 were
5-TCAGAAACATCCAAGGCCAGAC-3" (sense) and
5’-CGGACCGACCAGCCATTTTAC-3’ (antisense), and
for B-actin were 5-GATCATTGCTCCTCCTGAGC-3’
(sense) and 5'-ACTCCTGCTTGCTGATCCAC-3’ (anti-
sense). Amplification cycles were 94°C for 5 min, then
40 cycles at 94°C for 1 min, 59°C for 1 min, and 72°C
for 1.5 min, followed by 72°C for 15 min. The products
were analyzed on a 1.5% agarose gel containing 0.2 pg/
ml ethidium bromide and visualized under an ultravio-
let transilluminator. The relative expression levels were
calculated by the 2-24¢ method, and the target gene was
normalized to the internal reference gene.

Western Blotting

Total protein was extracted using lysis buffer contain-
ing 20 mmol/L Tris-HCI, pH 7.4, 150 mmol/L NacCl,
1% TX-100, 1 mmol/L EDTA, pH 8.0, and 1 mmol/L phe-
nylmethylsulfonyl fluoride (PMSF). Protein concentra-
tion was assayed using a Micro BCA protein kit (Pierce,
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Rockford, IL, USA). Equal amounts of protein sample
(30 pg) were separated by 10% SDS-polyacrylamide gel
and transferred onto nitrocellulose membranes (Millipore,
Boston, MA, USA). Membranes were blocked with 5%
defatted milk in Tris-buffered saline (TBS) contain-
ing 0.1% Tween 20 for 1h at room temperature. The
membrane was then blocked with 5% nonfat dry milk
for 1 h. Primary antibodies including anti-TIPE2, anti-
E-cadherin, anti-vimentin, anti-N-cadherin, anti-Snail,
anti-phosphatidylinositol 3-kinase (PI3K), anti-p-PI3K,
p-Akt, p-p-Akt, and anti-GAPDH were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). These
antibodies were added and incubated overnight at 4°C.
Protein bands were visualized using horseradish peroxi-
dase (HRP)-conjugated secondary antibodies (Santa Cruz
Biotechnology) followed by chemiluminescence (ECL;
Amersham Biosciences).

Cell Proliferation Assay

Cell proliferation was measured using the MTT assay.
In brief, cells at a density of 1 x 10° cells/well were incu-
bated with pcDNA3.1-TIPE2 or mock for 24, 48, or 72 h.
Then 20 pl of MTT (5 mg/ml; Sigma-Aldrich) was added
to the cells and incubated for 4 h. Subsequently, the super-
natant was discarded, and 200 pl of dimethyl sulfoxide
(DMSO) (Sigma-Aldrich) was added to dissolve formazan
production. The absorbance was read at 490 nm using an
enzyme-linked immunosorbent assay (ELISA) microplate
reader (Abcam, Cambridge, UK). All experiments were
performed in duplicate.

Cell Migration and Invasion Assays

Cell migration was measured using sterile 6.5-mm
Transwell with 8.0-um pore polycarbonate membrane
insert (Corning, Cambridge, MA, USA). In brief, cells
transfected with TIPE2 were added to the top chamber
of the Transwell, and the medium including 10% fetal
bovine serum (FBS) was added into the lower compart-
ment. After 24 h of incubation, nonmigrated cells were
removed from the upper chamber using a cotton bud
while cells that had migrated were fixed with 4% para-
formaldehyde and stained with 0.1% crystal violet solu-
tion for 15min. Cells were enumerated by counting five
random fields per Transwell.

For the invasion assay, the same procedures described
above were used, except that the filters were precoated
with Matrigel (BD Biosciences, San Jose, CA, USA) at
a 1:4 dilution in DMEM to form a genuine reconstituted
basement membrane.

Statistical Analysis

The values were expressed as mean+SD. Statistical
analysis involved use of the Student’s #-test for the com-
parison of two groups or one-way analysis of variance
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(ANOVA) for multiple comparisons. A value of p<0.05
was considered statistically significant.

RESULTS

TIPE2 Was Lowly Expressed in Prostate Cancer
Tissues and Cell Lines

We detected the TIPE2 mRNA and protein levels in
primary prostate cancer tissues and normal prostate tis-
sues using qRT-PCR and Western blot, respectively. The
results indicated that both mRNA (Fig. 1A) and protein
levels (Fig. 1B) were significantly lower in prostate
cancer tissues compared with that in normal prostate
tissues. Similarly, we observed that TIPE2 expres-
sion at both mRNA (Fig. 1C) and protein (Fig. 1D)
was lower in the prostate cancer cell lines (LNCaP,
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DU-145, and PC-3) than in the normal prostate cell
line (RWPE-1).

TIPE? Inhibits the Proliferation in Prostate
Cancer Cells

Because of the lower expression of TIPE2, the DU-145
and PC-3 cell lines were chosen for overexpressing the
KIF3C gene. Elevated levels of TIPE2 in the DU-145
(Fig. 2A) and PC-3 cells (Fig. 2B) were confirmed by
Western blot analysis, respectively. Then the impact of
LRG1 overexpression on proliferation of prostate can-
cer cells was evaluated by the MTT assay. The results
showed that overexpression of TIPE2 remarkably inhib-
ited the proliferation in DU-145 (Fig. 2C) and PC-3
cells (Fig. 2D), respectively, as compared with the mock

group.
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Figure 1. TIPE2 was lowly expressed in prostate cancer tissues and cell lines. The TIPE2 mRNA and protein levels were detected
by quantitative real-time polymerase chain reaction (QRT-PCR) (A) and Western blot assays (B) in primary prostate cancer tissues
and normal prostate tissues. *p <0.05 versus normal tissues. The TIPE2 mRNA and protein levels were detected by gqRT-PCR (C) and
Western blot assays (D) in human prostate cancer cell lines (LNCaP, DU-145, and PC-3) and the normal prostate cell line (RWPE-1).
Data are mean+SD values from three experiments, each performed in triplicate. *p <0.05 versus RWPE-1 cells.
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TIPE?2 Suppresses Epithelial-Mesenchymal
Transition (EMT) Process in Prostate Cancer Cells

In order to examine the effect of TIPE2 on the EMT
progression of prostate cancer cells, we identified the
expression of EMT markers by Western blot. As indi-
cated in Figure 3A, overexpression of TIPE2 resulted
in the increased expression of epithelial marker and
E-cadherin, and the reduced expression of various mes-
enchymal markers, namely, vimentin, N-cadherin, and
Snail in DU-145 cells. Similar results were observed in
the PC-3 cells (Fig. 3B).

TIPE?2 Inhibits the Migration and Invasion in
Prostate Cancer Cells

In order to investigate the role of TIPE2 in the migra-
tion and invasiveness of prostate cancer cells, we per-
formed Transwell migration assay and Boyden chamber
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invasion assay. Transwell migration assay showed a
significantly lower number of migrating cells in TIPE2-
overexpressing DU-145 cells (Fig. 4A) or PC-3 cells
(Fig. 4B), as compared with the mock group, respec-
tively. In addition, TIPE2 overexpression resulted in
less cell invasion of DU-145 cells (Fig. 4C) or PC-3
cells (Fig. 4D) compared with control cells.

TIPE?2 Inhibits the PI3K/Akt Signaling Pathway in
Prostate Cancer Cells

PI3K/Akt plays a critical role in tumorigenesis by
regulating cell proliferation, EMT, and cell migration/
invasion (14,15). To investigate the molecular mecha-
nism for TIPE2-regulated cell migration and invasive-
ness, we assessed the activation of PI3K/Akt signaling
pathway in prostate cancer cells. The results showed that
phosphorylation levels of PI3K and Akt were reduced

PC-3

TIPE2

GAPDH

of TIPE2/GAPDH
s

Relative protein expression

N N
N g
& &8
2
é?’
S
S
PC-3 —®— mock
2.09 —&— pcDNA3.1-TIPE2
2 1.54
=3
&
=
a 1.04
S
E 0.5+
0.0 T T T T
0 24 48 72

Time in culture (h)

Figure 2. TIPE2 inhibits the proliferation in prostate cancer cells. (A, B) Western blot analysis of TIPE2 expression in stably overex-
pressed (TIPE2) and control (mock) cells (DU-145 and PC-3 cell lines). Cell proliferation after TIPE2 overexpression in DU-145 (C)
and PC-3 cells (D) was measured using MTT assays. Data are mean+SD values from three experiments, each performed in triplicate.

Compared with vector control cells, *p <0.05.
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in TIPE2-overexpressing cells, while no change was
found in total PI3K and Akt (Fig. 5A). Quantification
analysis of p-PI3K/PI3K and p-Akt/Akt is shown in
Figure 5B and C, respectively. Furthermore, we exam-
ined the effects of Akt inhibitor (wortmannin) on
TIPE2-mediated EMT progression and cell prolifera-
tion in PC-3 cells. As shown in Figure 5D, wortman-
nin (100 nM) significantly increased the expression of
E-cadherin in TIPE2-overexpressing PC-3 cells. The
Transwell invasion assay indicated that wortmannin

A

E-cadherin

vimentin

N-cadherin
Snail
GAPDH
B
PC-3
&
}/
N ég)
S 9
&R
E-cadherin -
I -
oo

Relative protein expression

Relative protein expression

309

dramatically enhanced the inhibitory effect of TIPE2 on
cell invasion in PC-3 cells (Fig. SE).

DISCUSSION

In this study, we found that TIPE2 was lowly expressed
in human prostate cancer tissues and cell lines. In addi-
tion, restored TIPE2 obviously inhibits proliferation in
prostate cancer cells. TIPE2 overexpression also sup-
presses the EMT process and migration/invasion in pros-
tate cancer cells. Mechanistically, TIPE2 overexpression

3 mock
3 pcDNA3.1-TIPE2

5 3 mock
3 pcDNA3.1-TIPE2

Figure 3. TIPE2 suppresses the epithelial-mesenchymal transition (EMT) process in prostate cancer cells. DU-145 (A) and PC-3
(B) cells were transfected with pcDNA3.1-TIPE2 or mock for 24 h. The expression of E-cadherin, vimentin, N-cadherin, and Snail
proteins was analyzed via Western blotting. GAPDH served as a loading control. Quantification analysis was performed using Gel-Pro
Analyzer version 4.0 software. Data are mean=+SD values from three experiments, each performed in triplicate. Compared with the

mock group, *p<0.05.
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Figure 4. TIPE2 inhibits the migration and invasion in prostate cancer cells. DU-145 and PC-3 cells were transfected with pcDNA3.1-
TIPE2 or mock for 24 h. (A, B) The migration of the indicated cells was evaluated by a Transwell assay. (C, D) The invasiveness
of the indicated cells was evaluated by a Matrigel-coated Transwell assay. Data are mean+SD values from three experiments, each

performed in triplicate. Compared with the mock group, *p<0.05.

obviously inhibits the phosphorylation levels of PI3K and
Akt in prostate cancer cells.

Previous studies revealed that TIPE2 contributes sig-
nificantly to tumor growth and progression. In one study,
Zhao et al. found that TIPE2 expression was reduced in
gastric cancer, and restoration of TIPE2 expression in
gastric cells significantly suppressed cell proliferation.
In another study, Liu et al. demonstrated that TIPE2
expression was lost in small cell lung cancer; overex-
pression of TIPE2 significantly inhibited the growth of
lung cancer cell H446 in vitro (16). In this study, we
found that the expression levels of TIPE2 at mRNA and
protein were lowly expressed in human prostate cancer
tissues and cell lines. Restored TIPE2 obviously inhibits
proliferation in prostate cancer cells. These data suggest
that TIPE2 may be a potential suppressor in the devel-
opment of prostate cancer.

EMT is a process by which epithelial cells acquire
a mesenchymal cell phenotype and has been involved
in increased cell invasion and the metastatic potential
of prostate cancer cells (17). Reduction or a loss of
E-cadherin expression has a crucial role in the progres-
sion of tumors to invasive cancer and is also one of the
well-established hallmarks of EMT (18). Moreover, it has
been reported that forced expression of TIPE2 markedly
suppressed the gastric cancer cell migration and invasion
in vitro (19). TIPE2 overexpression also inhibited the
migration and invasion in vitro and suppressed growth
and metastasis of hepatocellular carcinoma in vivo (11).
Consistent with these results, in this study we found that
TIPE2 overexpression significantly increased expres-
sion of epithelial marker E-cadherin, but decreased the
expression of mesenchymal marker vimentin. In addi-
tion, TIPE2 overexpression significantly increased cell
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Figure 5. TIPE2 inhibits the PI3K/Akt signaling pathway in prostate cancer cells. PC-3 cells were transfected with pcDNA3.1-TIPE2
or mock for 24 h. (A) The expression of p-PI3K, PI3K, p-Akt, and Akt proteins was detected by Western blotting. GAPDH served as a
loading control. (B, C) Quantification analysis was performed using Gel-Pro Analyzer version 4.0 software. (D) PC-3 cells were trans-
fected with pcDNA3.1-TIPE2 or mock in the presence or absence of wortmannin (100 nM) for 24 h. The expression of E-cadherin was
analyzed via Western blotting. (E) Cell invasion was evaluated by the Transwell invasion chamber assay. Data are mean+SD values
from three experiments, each performed in triplicate. Compared with the mock group, *p<0.05.
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motility and invasion ability in prostate cancer cells.
These data suggest that TIPE2 overexpression may
induce alterations in prostate cancer cells resembling
that of the EMT procedure.

Previous studies have documented that activation
of the PI3K/Akt signaling pathway was involved in
the regulation of EMT and the promotion of metas-
tasis in prostate cancer cells (20-22). It was reported
that activation of Akt leads to a significant reduction in
E-cadherin expression and nuclear localization of Snail
in prostate cancer cells (23). Snail, a zinc-finger tran-
scription factor, has been found to increase cell migra-
tion in LNCaP and 22Rv1 prostate cancer cells, as well
as increase ERK and PI3K/Akt activity in 22Rv1 pros-
tate cancer cells (24). Interestingly, Zhu et al. reported
that adenovirus-mediated human TIPE2 overexpression
significantly downregulated the expression levels of
B-cell lymphoma (Bcl)-XL, p-Akt, and p-ERK1/2 in
AGS gastric cancer cells (25). In the present study, we
found that phosphorylation levels of PI3K and Akt were
significantly decreased in TIPE2-overexpressing cells.
All of these data suggest that TIPE2 overexpression
may suppress proliferation, migration, and invasion in
prostate cancer cells by inhibiting the PI3K/Akt signal-
ing pathway.

In conclusion, for the first time we demonstrated that
TIPE2 overexpression may suppress proliferation, migra-
tion, and invasion in prostate cancer cells by inhibiting
PI3K/Akt signaling pathway. Therefore, TIPE2 might
serve as a potential therapeutic target for human prostate
cancer.
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