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Abstract: Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) based strategy is a promising targeted
therapeutic approach for the treatment of ovarian cancer. However, the effectiveness of the treatment remains
limited due to the inherent or acquired resistance of tumor cells to TRAIL. Our previously study demonstrated that
downregulation of NOB1 (NIN1/RPN12 binding protein 1 homolog) expression by a lentiviral short hairpin RNA (shR-
NA) delivery system (Lv/sh-NOB1) suppressed ovarian cancer growth. Here, Lv/sh-NOB1 and TRAIL were combined
and tested the effects of this combination on ovarian cancer cells to identify more effective therapeutics against
ovarian cancer by several in vitro experiments. Tumor growth ability in SKVO3 xenograft nude mice was also deter-
mined to define this combination treatment effect in tumorigenesis in vivo. In vitro assay showed that Lv/sh-NOB1
in combination with TRAIL treatment in ovarian cancer cell synergistically suppressed the proliferation and colony
formation, as well as induced cell apoptosis and increased the activity of caspase-3, -8 and -9. In vivo assay showed
that Lv/sh-NOB1 combination with TRAIL synergistically suppressed tumor growth of nude mice model. Importantly,
we found that downregulation of NOB1 could upregulate DR5 expression and active MAPK pathway, which might
contribute to increase sensitivity TRAIL to ovarian cancer cells. These findings suggested that Lv/sh-NOB1 combina-
tion with TRAIL treatment may be a potential treatment approach for ovarian cancer.
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Introduction Tumor necrosis factor (TNF)-related apoptosis
inducing ligand (TRAIL) has been widely used in
a variety of tumor cell types due to its ability to
selectively induce apoptosis in variety tumor
cells without harm to normal cells [7, 8]. TRAIL

can lead to recruitment of the adapter protein

Epithelial ovarian cancer (EOC) is one of the
most common gynecologic malignancies world-
wide, accounting for 85-90% ovarian cancer [1,
2]. It has the highest mortality rate among

malignant tumors in female reproductive sys-
tem [3]. Despite there has been great improve-
ment on traditional treatments for EOC, such as
surgery, combination with radiotherapy and
chemotherapy, the 5-year survival rate for
advanced EOC patients is below 40% [4].
Chemotherapy drugs, such as doxorubicin
(DOX), topotecan, gemcitabine, or bevacizum-
ab, have been widely used for patients with
advanced EOC, but these chemotherapy drugs
did not effective improve patient overall surviv-
al due to inhere and acquire resistance to che-
motherapeutic agents to ovarian cancer cells
[B, 6]. Thus, it is crucial need to develop novel
effective therapy for patients with EOC.

Fas-associated death domain (FADD) and pro-
caspase-8 in the death inducing signaling com-
plex (DISC) by binding to two death receptors
(DR), DR4 and DR5, which contain a cytoplas-
mic functional death domain [9, 10]. TRAIL has
been used for the treatment of ovarian cancer
[11-14]. But many patients with EOC acquire
resistance to chemotherapeutic agents, which
limits efficacy in ovarian cancers [15, 16].
Therefore, overcoming TRAIL resistance is of
great significance in ovarian cancer therapy.

NIN1/RPN12 binding protein 1 homolog (NOB1),
located on chromosome 16g22.1, encodeing a
50 KDa protein consisting of a PIN (PilT amino
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terminus) domain and a zinc ribbon domain,
plays a role in maintaining cellular homeostasis
by controlling protein degradation [9]. NOB1 is
highly expressed in various malignancies such
as prostate carcinoma, thyroid cancer, breast
infiltrating ductal carcinoma and non-small
lung cancer [17-20], but its expression is very
low or absent in normal cells, which makes it an
attractive target for cancer therapeutics. In
addition, recently several studies domonstrat-
ed that downregulation of endogenous NOB1
could inhibit tumor growth in several tumor by
inhibiting cell proliferation and colony forma-
tion, and inducing cell apoptosis and cell arrest
GO/G1 stage [17, 19-22]. Especially, recently
study has showed that downregulation expres-
sion of NOB1 by Ad/sh-NOB1 could enhance
radiosensitivity and chemosensitivity in thyroid
cancer cells [23, 24]. Our previous study dem-
onstrated that the expression level of NOB1
protein was increased in patients with ovarian
cancer and that down-regulation expression of
NOB1 by lentiviral-mediated shRNA targeting
NOB1 (Ad/sh-NOB1) suppressed ovarian can-
cer cell proliferation and colony formation [25].
However, to our knowledge, no prior studies
have elucidated the downregulation of NOB1
decreased TRAIL resistance to ovarian cancer
cells.

We hypothesized that downregulation of NOB1
could increase TRAIL sensitivity to ovarian can-
cer cell, and that combination Lv/sh-NOB1 and
TRAIL may be more effective than either agents
administered alone. Therefore, in the present
study, we evaluate the potency of Lv/sh-NOB1
in combination with TRAIL in inhibiting ovarian
cancer cell growth in vitro and in vivo.

Materials and method
Reagents and antibody

NOB1 shRNA lentivirus (Lv/sh-NOB1) and
scramble shRNA lentivirus (Lv/sh-Scramble)
were constructed and stored by our experi-
ments [25]. Human TRAIL was obtained from
PeproTech (Rocky Hill, NJ). Medium (RPMI
1640) and fetal bovine serum (FBS) were
brought from Gibco (Grand Island, NY, USA). All
other chemicals and solvents were obtained
from Sigma (St. Louis, MO, USA).

For the western blot analysis, the following anti-
bodies were used: Antibody to NOB1 was
brought from Abcam (Cambridge, UK), antibody
to GAPDH, Survivin, DR4 and DR5 were brought
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from Cell Signaling Technology (Danvers,
Massachusetts, USA), antibody to Bcl-2,
p38MAPK, phosphorylated (p-) p38MAPK,
p-ERK, ERK, JNK, p-JNK and Secondary anti-
bodies HRP-conjugated goat anti-mouse IgG
was brought from Santa Cruz Biotechnology
(Santa Cruz, CA, USA).

Cell culture

A human ovarian surface epithelial cell line
(HOSEpIC) and two human ovarian cancer cell
lines (SKOV3 and HEY) were purchased from
the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). All
cells were cultured in RPMI 1640 medium con-
taining 10% fetal bovine serum, 100 units/ml
penicillin and 100 mg/ml streptomycin at 37°C
in a humidified atmosphere consisting of 5%
CO..

2

Cell viability

Ovarian cancer cells infected with Lv/sh-NOB1
or Lv/sh-Scramble (MOI of 50 each), along with
untreated cells were seeded in a 96-well plates
at a density of 5x10°3 cells per well. After infect-
ed for 24 h, different concentration TRAIL
(0-100 ng/ml) was added to plates and cul-
tured for 1-3 days, cell viability was determined
by MTT assay as previous described [25]. The
IC,, values were calculated from at least three
independent experiments.

Colony formation assay

Ovarian cancer cells were seeded in six-well
culture plates at 1x10° cells/well, then were
treated with Lv/sh-NOB1 ((MOI of 50 each), Lv/
sh-Scramble (MOI of 50 each), TRAIL (2xIC_) or
Lv/sh-NOB1 (MOI of 50 each) in combination
with TRAIL (1xIC, ), respectively. After 14 days,
the cells were washed, fixed by paraformalde-
hyde, and stained with GIEMSA for 10 min,
washed three times with ddH,0 to remove extra
GIEMSA, and then photographed with a digital
camera. The number of colonies (>50 cells/
colony) were counted under fluorescence
microscopy (MicroPublisher 3.3RTV; Olympus,
Tokyo, Japan).

TUNEL assay

To determine the effect of Lv/sh-NOB1 in com-
bination with TRAIL on cell apoptosis, TUNEL
assays were performed. In briefly, cells were
treated with Lv/sh-NOB1 and TRAIL alone or
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Figure 1. Downregulation of NOB1 enhances TRAIL sensitivity in epithelial ovarian cancer cells. A. Human ovarian
cancer cell line, SKOV3 cells and HEY cells were treated with increasing doses of TRAIL alone, Lv/sh-NOB1 alone,
or the combination of TRAIL and Lv/sh-NOB1 for 72 h. Cell viability was measured by MTT assay. B. Human ovarian
surface epithelial cell line (HOSEpiC) were treated with TRAIL alone, Lv/sh-NOB1 alone, or the combination for 72

h. Cell viability was measured by MTT assay.

both, respectively. 48 h after treatment, apop-
totic cells were determined by using the In Situ
Cell Death Detection Kit (Roche, Mannheim,
Germany) following manufacturer’s instruc-
tions. The cell fluorescence was determined
using the flow-cytometry (Becton Dickinson
equipped with an UV-argon laser). The number
of TUNEL-positive cells was expressed as a per-
centage of the total number of cells in the
sample.

In addition, at the molecular level, we also
detected survivin and Bcl-2 protein expression
by western blotting as an additional indicator of
apoptosis.

Caspase activity

The activity of caspase-3, -8 and -9 were mea-
sured with caspases colorimetric protease
assay kits (Millipore Corporation, Billerica, MA,
USA). In brief, cells were treated with Lv/sh-
NOB1 and TRAIL alone or both, respectively. 24
h after treatment, cells were harvested and
were lysed in 150 pl buffer provided in the kit
(Millipore Corporation, Billerica, MA, USA). 10 pl
substrate of each caspase was added to ali-
quot of lysates, respectively, and then cultured
for 2 h. Samples were analyzed at 405 nm in a
microplate reader (Thermo Fisher Scientific
Inc., Waltham, MA, USA). The relative caspase
activity of the control group was taken as 100.

Western blot

Protein was extracted from cells using RIPA
lysis buffer (Invitrogen, USA) containing the pro-
tease inhibitors cocktail and PMSF in accor-
dance with the manufacturer’s protocol. The
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protein concentration was determined using
the Bradford Method using the BCA assay kit
(Sigma). Cell extracts (50 g of protein) were
separated on an 8%-15% sodium dodecyl sul-
fate-polyacrylamide electrophoretic gel (SDS-
PAGE) and transferred to nitrocellulose mem-
branes (Bio-Rad, Munich, Germany). The mem-
branes were blocked with 3% non-fat dry milk
for 2 h and incubated with primary antibody
overnight at 4°C, followed incubated with sec-
ondary antibodies HRP-conjugated goat anti-
mouse IgG for 2 h at room temperature. Protein
bands were visualized with enhanced chemio-
luminescence reagent (ECL, Amersham, GE
Healthcare, Velizy-Villacoublay, France). Blots
were stripped and reprobed with anti-GAPDH to
control for loading variations.

In vivo tumor growth model

SKVO3 cells (2x10°) resuspended in 0.1 ml
serum-free RPM1640 medium were subcuta-
neously (s.c.) injected intraperitoneally into
6-week old female Balb/c nu/nu mice
(Experimental Animal Center of the lJilin Un-
iversity, Changchun, China). When the tumor
volume (TV) reached 120 mm?, mice were ran-
domly divided into five groups (n=6/group) to
receive treatment of an intraperitoneal (i.p.)
injection of vehicle control (100 ul of 0.9%
NaCl), Lv/sh-Scramble (2x10® PFU/dose), Lv/
sh-NOB1 (2x108 PFU/dose), TRAIL (10 mg/kg
body weight), or TRAIL combination Lv/sh-NOB1
(TRAIL: 5 mg/kg body weight, Lv/sh-NOB1:
1x108 PFU/dose respectively) on alternative
days for 3 weeks. The volume of the tumors and
the weight of the mice were measured every
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Figure 2. TRAIL and Lv/sh-NOB1 alone and in combination inhibited cell proliferation and colony formation in ovar-
ian cancer cells. A. SKOV3 cells and HEY cells were treated with Lv/sh-NOB1 (MOI of 50 each), Lv/sh-Scramble
(MOI of 50 each), TRAIL (2xIC, ) or Lv/sh-NOB1 (MOI of 50 each) in combination with TRAIL (1xIC, ), cell viability
was measured by MTT assay at indicated time. B. Cell colony formation was determined in ovarian cancer cells
after treated with TRAIL alone, Lv/sh-NOB1 alone, or the combination for 14 days. *P<0.05, **P<0.01 vs. control,

#P<0.05 vs. TRAIL alone.

week. Tumor volume (TV) was measured with a
caliper and counted by the following formula:
Volume (mm?3) = (length x width?)/2. At the end
of in vivo experiments, the animals were sacri-
ficed under anesthesia using avertin, tumor tis-
sues were then immediately excised and
weighted, then cell apoptosis of tumor tissues
were measured using the In Situ Cell Death
Detection Kit (Roche, Mannheim, Germany)
according to manufacturer’s instructions. The
efficacy of the drug treatment was assessed
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according to tumor volume inhibition (TVI) per-
centage in treated vs. control mice, calculated
as: TVI = 100-(mean TV treated/mean TV con-
trol x 100). This study was approved by the
Animal Ethics Committee of lJilin University
(Changchun, China).

Statistical analysis

The data shown are presented as the mean +
SD (standard deviation) of at least three inde-

Int J Clin Exp Pathol 2015;8(9):10061-10071



si-NOB1 combination with TRAIL inhibits growth of EOC

50+
* %,
= 40- 1#
R
w 304
S
&
204 sk
s -
D 10-
o 10
0 Ll 1 L] T
> < v NG
& o 2 N D
oo(‘ {b& §° «Q‘ ;\Qy
& < o
4 3 0@
¥ ¢ S
A\ \c}‘
O
SKOV3

**#

&

(2]
o
1

Cell apoptosis (%)
[\
o

-
10-
c 1 T I 1 I
> @ v N4
o N 2 O N
& & ¢ & &
00 (b b A ;\
& & e
& v =
J s
&
A
HEY

Figure 3. TRAIL and Lv/sh-NOB1 alone and in combination induced apoptosis in ovarian cancer cells. SKOV3 cells
and HEY cells were treated with treated with TRAIL alone, Lv/sh-NOBZ1 alone, or the combination for 48 h, cell apop-
tosis was determined by TUNEL assay. *P<0.05, **P<0.01 vs. control, #P<0.05 vs. TRAIL alone.

pendent experiments. Differences between
groups were analyzed by one-way ANOVA fol-
lowed by a Tukey post hoc test using Graphpad
Prism 5.0 software (GraphPad Software, San
Diego, CA, USA). Significant differences among
groups were considered at P<0.05.

Results

Downregulation of NOB1 enhances TRAIL sen-
sitivity in human ovarian cancer cells but not in
normal cells

It was well known that platinum drugs are high-
ly effective at initial treatment and are there-
fore used as standard first-line therapy in vari-
ous cancers. However, the platinum resistance
limits effective for patients with advanced EOC.
To investigate whether downregulation of NOB1
expression has the potential to sensitize ovari-
an cancer cells to TRAIL, ovarian cancer cells
were infected with Lv/sh-NOB1 or Lv/sh-Scram-
ble, and then were incubated with TRAIL (0-100
ng/ml). MTT assays were performed following
treatment and the IC_ for TRAIL was calculated
for each of the groups treated. It was found that
downregulation of NOB1 by Lv/sh-NOB1
enhanced the growth inhibitory effect of TRAIL
in SKOV3 cells and HEY cells (Figure 1A). The
IC,, values for TRAIL combined with or without
Lv/sh-NOB1 in SKOV3 and HEY were found to
be 25.48 + 3.08 ng/ml versus 37.78 + 4.12
ng/ml, and 27.78 + 3.08 ng/ml versus 39.89 +
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4.53 ng/ml, respectively, suggesting that down-
regulation of NOB1 expression sensitized ovar-
ian cancer cells to TRAIL. Of note, we did not
observe a significant cytotoxic effect in human
ovarian surface epithelial cells (HOSEpiC) fol-
lowing single agent or combination treatment
(Figure 1B), indicating a tumor cell-selective
effect.

TRAIL and Lv/sh-NOB1 alone or combination
inhibited cell proliferation and colony forma-
tion of ovarian cancer cells

To evaluate the effect of TRAIL and Lv/sh-NOB1
alone and both on the cells proliferation of
ovarian cells, MTT assay was performed after
cells were treated with Lv/sh-NOB1 (MOI of 50
each), Lv/sh-Scramble (MOI of 50 each), TRAIL
(2xIC,,) or Lv/sh-NOB1 (MOl of 50 each) in com-
bination with TRAIL (1xIC ), respectively. The
results showed that the TRAIL and Lv/sh-NOB1
alone or combination significantly decreased
cell viability compared to control group and Lv/
sh-Scramble treatment group (Figure 2A,
P<0.05). TRAIL in combination with Lv/sh-NOB1
resulted in greatest reduction of cell viability in
both SKOV3 cells and HEY cells (Figure 2A,
P<0.05).

To assess the effects of TRAIL and Lv/sh-NOB1
alone or combination on cell colony formation,
SKVO3 and HEY cells were treated with TRAIL
and Lv/sh-NOB1 alone or combination. After 15

Int J Clin Exp Pathol 2015;8(9):10061-10071
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Figure 4. TRAIL and Lv/sh-NOB1 alone and in combination inhibited anti-apoptosis protein expression, increased
caspase activity. A. SKOV3 cells and HEY cells were treated with TRAIL alone, Lv/sh-NOB1 alone, or the combina-
tion for 24 h. The anti-apoptosis protein, survivin and Bcl-2 protein expression were examined by Western blot using
corresponding antibodies. GAPDH was used as a loading control. B-D. The activity of caspase-3, -8 and -9 were
detected in ovarian cancer cells after treated with TRAIL alone, Lv/sh-NOB1 alone, or the combination. *P<0.05,

**P<(0.01 vs. control, *P<0.05 vs. TRAIL alone.

days’ cultivation, colonies were fixed and
stained with Giemsa. It was found that colony
formation number have significantly reduction
in TRAIL and Lv/sh-NOB1 alone or combination
groups relative to control group and Lv/sh-
Scramble group in SKVO3 and HEY cells
(P<0.05, Figure 2B). The combination treat-
ment resulted in a greater reduction of colony
formation number (P<0.05, Figure 2B).

TRAIL and Lv/sh-NOB1 alone or combination
induced cell apoptosis in ovarian cancer cells

The effects of TRAIL and Lv/sh-NOB1 alone or
combination on cell apoptosis in ovarian can-
cer cells were analyzed by TUNEL.TUNEL assay
showed that apoptosis in SKOV-3 and HEY cells
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was induced at 15.26 + 1.84% and 13.88 +
1.52% by Lv/sh-NOB1, at 13.42 + 1.76% and
11.53 + 1.21% by TRAIL, and at 37.48 + 5.06%
and 33.28 + 4.54% by the TRAIL combination
with Lv/sh-NOB1 (Figure 3), suggesting that
combination of both TRAIL and Lv/sh-NOB1
could dramatically enhance cell apoptosis.

TRAIL and Lv/sh-NOB1 alone or combination
inhibited anti-apoptotic molecules expression,
and increased caspase activity in ovarian can-
cer cells

To explore the possible mechanism of induc-
tion cell apoptosis of TRAIL and Lv/sh-NOB1
alone or combination in ovarian cancer cells,
anti-apoptotic molecules, such as survivin and

Int J Clin Exp Pathol 2015;8(9):10061-10071
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nal pathway. Cells were treated with TRAIL for 12 h, followed by treated with Lv/
sh-NOB1 or Lv/sh-Scramble for 24 h, and the expression of DR4, DR5, ERK,
p-ERK, JNK, p-JNK, p38MAPK, p-p38MAPK were determined by western blot.

GAPDH was used as loading control.

Bcl-2 were determined by western blot. Western
blot assay showed that TRAIL and Lv/sh-NOB1
alone or combination could significantly
decrease survivin and Bcl-2 in ovarian cancer
cells compared to control group and Lv/sh-
scramble group (Figure 4A). The combination
treatment led to survivin and Bcl-2 protein
expression greatest reduction (Figure 4A).

Additionally, activity of caspase-3, -8, and -9
also were determined in ovarian cells after
treated with TRAIL and Lv/sh-NOB1 alone or
combination. The result showed that activity of
caspase-3, -8, and -9 were significantly
increased when the ovarian cancer cells were
exposed to both TRAIL and Lv/sh-NOB1 alone
or combination (Figure 4B-D), and that the
combination treatment caused the greatest
addition activity of caspase-3, 8, and 9 in ovar-
ian cancer cells (Figure 4B-D).

Lv/sh-NOB1 upregulation of DR5 expression
and activation MAPK signal pathway

It has been reported that several therapeutic
agents can potentiate TRAIL efficacy through
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ent agents is mediated by
MAPKs [27-30], we investi-
gated the effects of Lv/sh-
NOB1 on the activation of
ERK, JNK and p38 MAPK in
ovarian cells when cells
were treated with TRAIL
for 12 h, followed treated
with Lv/sh-NOB1 or Lv/sh-
Scramble for 24 h. Results from western blots
indicated that Lv/sh-NOB1 resulted in a
remarked addition of phosphorylated p38-
MAPK, ERK and JNK in ovarian cancer cells,
without modifying that of the total protein lev-
els of p38MAPK, ERK and JNK in each group
(Figure 5).

Effects of TRAIL and Lv/sh-NOB1 alone or
combination on tumor growth in vivo

Finally, we investigated the therapeutic poten-
tial of TRAIL in combination with Lv/sh-NOB1 in
SKOV3 cells following xenotransplantation into
Balb/c nude mice. Tumor bearing mice were
treated with TRAIL and Lv/sh-NOB1 alone or in
combination. Individual treatments moderately
inhibited tumor growth, with 45.96% and
48.24% TVI for TRAIL and Lv/sh-NOB1, respec-
tively, at the end of the experiment (day 21;
Figure 6A-C). Interestingly, treatment with
TRAIL and Lv/sh-NOB1 in combination resulted
in a significantly enhanced antitumor activity
(70.34 % TVI at day 21). In addition, we did not
observe any gross signs of toxicity and/or pos-
sible side effects/mortality during the treat-

Int J Clin Exp Pathol 2015;8(9):10061-10071
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Figure 6. Antitumor activity of TRAIL and Lv/sh-NOB1 on SKOV3 cells xenotransplanted into nude mice. A. Graphs
of the tumor tissue from different experimental groups. B. Tumor growth curves of different experimental groups. C.
Tumor volume distribution in the different experimental groups at the end of the experiment (day 21). D. Cell apop-
tosis of tumor tissue from different experimental groups were determined by TUNEL assay. *P<0.05, **P<0.01 vs.

control, #P<0.05 vs. TRAIL alone.

ment of TRAIL and Lv/sh-NOB1 alone or combi-
nation relative to the control group. Cell apopto-
sis of tumor tissue were determined by TUNNL.
The results from TUNNL demonstrated that
TRAIL and Lv/sh-NOB1 alone or combination
could obviously induce cell apoptosis of tumor
tissue compared to control group and Lv/sh-
Scramble group (P<0.05, Figure 6D). The com-
bination treatment resulted in greatest addi-
tion compared to single agent treatment. These
data suggested that that combination of TRAIL
and Lv/sh-NOB1 could suppress tumor growth
of ovarian cancer in vivo.

Discussion

Platinum drugs are highly effective at initial
treatment and more than 80% of the ovarian
cancer patients initially respond to first-line
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chemotherapy [31], thus platinum drugs used
as standard first-line therapy for ovarian can-
cer. However, most patients with advanced
cancer could cause acquired drug resistant,
leading to incurable disease [15, 16].
Additionally, conventional platinum drugs have
high toxicity to normal tissues, which also limit
the administration of the treatment [15, 16].
Accordingly, there remains an ongoing need to
develop more effective strategies to decrease
platinum drugs resistant. In the present study,
to our knowledge, we have found that the com-
bination of TRAIL and Lv/sh-NOB1 inhibited pro-
liferation and colony formation, and enhanced
apoptosis, and increased caspase-3, -8 and -9
activities in ovarian cancer cells, but not in nor-
mal cells, suggesting that TRAIL in combination
with Lv/sh-NOB1 may be a potential effective
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combination strategy for the treatment of ovar-
ian cancer.

TRAIL could trigger rapid apoptosis in vitro and
in vivo in various tumor cell types without
affecting normal cells, thus it has been consid-
ered as a promising candidate in cancer thera-
py [7, 8]. However, the clinical activity of TRAIL
is limited due to the inherent or acquired resis-
tance of tumors cells [15, 16]. It has been
showed that alteration of gene expression may
occur and influence cellular sensitivity to che-
motherapeutic drugs during tumorigenesis or
the course of chemotherapy [32]. For example,
Xu et al reported that knockdown of Protein
phosphatase 2A (PP2A) expression by siRNA or
pharmacological inhibition of PP2A activity
increases TRAIL-induced apoptosis [33].
Chandrasekaran et al showed that siRNA medi-
ated knockdown of COX-2 expression in breast
cancer cells render them sensitive to TRAIL by
increasing the expression of DR4 and DR5 [34].
Garimella et al demonstrated that downregula-
tion of SRC or BCL2L1 expression by small-mol-
ecule inhibition of, sensitizes breast cancer
cells to TRAIL-induced apoptosis, including cell
lines resistant to TRAIL-induced cytotoxicity
[35]. In the present study, we found that down-
regulation expression of NOB1 by Lv/sh-NOB1
increased sensitivity of ovarian cancer cells
to TRAIL; and that Lv/sh-NOB1 in combination
with lower dose of TRAIL synergistically sup-
press the proliferation and colony formation,
and induce cell apoptosis in vitro, and sup-
pressed tumor growth in vivo, suggests a
potential new therapeutic option for TRAIL-
based combination therapy for ovarian cancer.

Death receptors 5 (DR5), a member of the
TRAIL family of receptors, is able to interact
with its endogenous ligand Apo2L/TRAIL,
induces apoptosis through caspases in trans-
formed cell lines while normal cells are unaf-
fected, has been considered as a promising
anti-cancer target [36, 37]. A growing body of
evidence has shown that the DR5 plays a cru-
cial role in sensitizing cancer cells to apoptosis
induced by TRAIL and chemotherapeutic agents
[26-30, 36, 37]. In this study, our result showed
that Lv/sh-NOB1 increased the expression of
DR5, without modifying that of DR4, which sug-
gesting that Lv/sh-NOB1 can potentiate TRAIL
efficacy by upregulation expression of DR5.

It has been found that several mechanisms
involved in the induction of DR5 expression,
such as ROS generation [38, 39], TP53 upregu-
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lation [39], CHOP upregulation [40], and MAPK
activation [27-30, 40]. In the present study
showed that lv/sh-NOB1 induced the activation
of MAPK signal pathway and the upregulation
of DR5, which contribute to sensitive TRAIL to
ovarian cancer cells. In agreement with our
results, recently study showed that downregu-
lation of NOB1 expression by Ad/sh-NOB1 sen-
sitized thyroid cancer cells to doxorubicin
through MAPK signal pathway [24]. These stud-
ies implied that downregulation of NOB1 could
sensitive chemotherapy drugs to cancer cells
through activation of MAPK signal pathway.

In summary, the findings we reported here
present evidence that Lv/sh-NOB1 in combina-
tion with lower dose of TRAIL synergistic inhib-
ited cell proliferation and colony formation,
induced cell apoptosis and increased the activ-
ity of caspase-3, -8 and -9 in ovarian cancer
cells; as well as suppressed tumor growth in
nude mice model. We also provided evidence
that downregulation expression of NOB1 by Lv/
sh-NOB1 sensitizing effect to TRAIL to ovarian
cancer cells involves the upregulation of the
death receptor possibly through MAPK signal
pathway. Therefore, it may be worthwhile to
consider combination with Lv/sh-NOB1 and
TRAIL as novel therapeutic strategy for patients
with advanced ovarian cancer.
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