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Abstract

Background Human differentiated embryonic chondrocyte-expressed gene 1 (DEC1), which has been reported to be over-
expressed in several types of cancer, is associated with tumorigenesis through participation in several biological processes.
However, the complex mechanisms underlying DEC1 during carcinogenesis are controversial, and its roles in the develop-
ment and malignancy of gastric cancer (GC) remain unclear.

Methods We measured DEC1 expression in human GC cell lines. DECI1 levels in GC cells were downregulated by shRNA
lentivirus infection. We also evaluated the effect of DEC1 downregulation on xenograft growth in vivo. The viability and
apoptosis of the cells were assayed using the CCKS8 assay and flow cytometry. The levels of DEC1, Survivin, and Bcl-2 were
evaluated by Western blotting. Luciferase reporter was used to verify the downstream target of DEC1. The association of
DECI and Survivin expression with prognosis was investigated by immunohistochemistry.

Results Downregulation of DEC1 inhibits GC cell proliferation in vitro and tumorigenicity in vivo. We observed that
hypoxia-induced expression of DEC1 protects GC cells from apoptosis via transcriptional upregulation of Survivin. Fur-
thermore, positive correlations between DEC1 with Survivin expression were observed in tissue sections from GC patients.
Notably, GC patients with high expression levels of DEC1 and Survivin showed poor prognosis.

Conclusions DECI acts as an anti-apoptotic regulator in GC cells under hypoxia by promoting Survivin expression. Our
study demonstrates the critical role of the DEC1 in oncogenesis and highlights a novel role for DEC1 in the regulation of
cell apoptosis in GC.
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PP Y Gastric cancer (GC) accounts for a significant portion of

cancer deaths, with a 5-year survival rate of 15% being
recorded [1]. The development of effective prevention and
treatment strategies for GC is limited by an incomplete
understanding of the signaling pathways involved in GC
carcinogenesis [1].
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Human differentiated embryonic chondrocyte-expressed
gene 1 (DEC1) (also known as Bhlhe40/Bhlhb2/Stral3/
Sharp2) is a member of the basic helix-loop-helix (bHLH)
transcription factor family and is critical in the develop-
ment of chondrocyte cells and in the regulation of circadian
rhythm [2—4]. Recent studies have indicated an important
role of DECI1 in carcinogenesis [5]. The expression of DEC1
was determined to be positively associated with the inci-
dence of oral squamous cell carcinoma (OSCC) and 1-year
recurrence [6]. In breast cancer, DEC1 has been shown to
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be essential for the proliferation and promotion of tumor
invasiveness [7, 8]. Conversely, nuclear DEC1 expression
is reduced in hepatocellular carcinoma samples, showing
decreased differentiation status [9]. Similarly, in pancreatic
ductal adenocarcinoma, DEC1 has been reported to be a use-
ful prognostic marker [10]. Whether DEC1 is upregulated or
downregulated in lung cancer is controversial [11-14]. We
were the first to report the high expression level of DEC1 in
GC compared with normal gastric mucosa, and the DEC1
level was positively correlated with Ki67 expression [15,
16]. Therefore, DEC1 may act as a tuamor promoter or tumor
suppressor in different tumor tissue contexts. Because of this
inconsistency, refined investigations are required to elucidate
how DECI1 contributes to the development and progression
of GC.

Accumulating evidence has demonstrated that hypoxia,
irradiation, chemotherapy drugs, tumor necrosis factor
(TNF)-a, and transforming growth factor (TGF)-f could
induce DEC1 expression in cancer cells [5]. However, which
of these factors is upstream or downstream of DEC1 in GC
is not clear. Our previously study indicates that DEC1 is a
hypoxia-induced gene and that its expression in GC may
be a direct marker of tumor hypoxia [15, 17]. Given that
adaptation to hypoxia is essential for solid tumor progres-
sion, it is intriguing to explore the regulatory function of
DECI in hypoxic pathways [18]. Hypoxia produces a stress
[20] ful environment for normal cells and can promote cell
death. However, cancer cells are able to survive hypoxic
environments, and hypoxia itself can activate adaptive cel-
lular responses that contribute to tumor progression [19].
Thus, high expression of DEC1 in GC may be caused by
hypoxic environments and may have an important effect on
the survival of cancer cells under hypoxic conditions.

It has been shown that DECI is essential for anti-apop-
totic effects in response to serum starvation and that these
effects might be mediated through induction of Survivin
expression in lung cancer [20]. Survivin is a member of
the inhibitor of apoptosis proteins (IAP) family and has
been implicated in inhibition of apoptosis in tumor cells
and poor prognosis [21]. Furthermore, Zhang et al. have
reported that Survivin expression could inhibit the apop-
tosis of hypoxic human pulmonary arterial smooth muscle
cells [22]. Hypoxia has been observed to induce Survivin
expression in lung and pancreatic cancer cells [23, 24]. The
high expression of Survivin may reflect a low degree of can-
cer cell apoptosis under hypoxia. These findings led us to
hypothesize that upregulation of DEC1 by hypoxia protects
gastric cancer cells from apoptosis by promoting Survivin
expression in GC.

In this study, we have identified a novel role for DEC1 in
the anti-apoptotic survival mechanisms employed by cancer
cells, which is an important step for tumor progression. Fur-
thermore, we demonstrate that DEC1-induced anti-apoptotic

effects were mediated via modulating Survivin expression
in GC. This result suggests that targeting DEC1 could be a
promising strategy for cancer therapy.

Materials and methods
Cell culture

NCI-N87, MKN28, MGC803, BGC823, SGC7901, AGS,
and MKN45 cells (Chinese Academy of Sciences, Shanghai,
China) were grown in 10% fetal bovine serum (FBS)-sup-
plemented Dulbecco’s modified Eagle’s medium (DMEM,;
Gibco). Cells were maintained at 37 °C under normoxic con-
ditions in a 5% CO,/95% ambient air incubator (Hera Cell
150; Heraeus, Germany) or hypoxic conditions in a modular
incubator (Eppendorf, Germany) with settings at 0.5% O,
(5% CO, and balance N,).

Real-time PCR assays

Total RNA was isolated using Trizol reagent (Invitrogen)
according to the manufacturer’s instructions. Total RNA was
reverse transcribed using a Reverse Transcription Reaction
Kit (Takara). Real-time polymerase chain reaction (PCR)
was performed and analyzed on an Applied Biosystems 7300
Real-Time PCR System to determine the relative amounts
of DECI and f-actin (internal control) mRNAs expressed.
SYBR Green Supermix was used for all real-time PCR
reactions. PCR primers used in this study are as follows:
DECI1 Forward: ACTTACCTTGAAGCATGTGAAAGC
A, Reverse: CATGTCTGGAAACCTGAGCAGAA; B-actin
Forward: TGACGTGGACATCCGCAAAG, Reverse: CTG
GAAGGTGGACAGCGAGG. Real-time PCR parameters
were 95 °C for 10 s as a pre-denaturing step followed by 40
PCR cycles of 95 °C for 5 s, 60 °C for 30 s, and 72 °C for
10 min. All samples were assayed in triplicate. The relative
amount of mRNA was calculated using the comparative CT
method after normalization to B-actin mRNA levels.

Western blotting analysis

Cell pellets were homogenized in extraction buffer
[50 mmol/l Tris-HCI pH 6.8, 0.1% sodium dodecyl sulfate
(SDS), 150 pmol/1 NaCl, 100 mg/1 phenylmethylsulfonyl flu-
oride, 1 mg/l aprotinin, 1% NP-40, and 0.5% sodium ortho-
vanadate], incubated at 4 °C for 30 min, and centrifuged for
20 min at 12,000 g/min. Total protein in the cell lysate was
measured with a Bio-Rad colorimetric kit (Bio-Rad, Hercu-
les, CA, USA). For Western blot analysis, total protein was
separated on a 10% gel using SDS-PAGE and transferred
onto nitrocellulose membranes (0.45 pm; Millipore, Bill-
erica, MA, USA), which were then incubated for 24 h at 4 °C
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with antibodies against DEC1 (1:300; Santa Cruz), HIF-1a
(1:500; Abcam), Bcl-2 (1:500; Abcam), Survivin (1:500;
Abcam), and B-actin (1:10,000; Abcam). Then, membranes
were incubated with horseradish peroxidase-conjugated anti-
mouse/rabbit IgG antibody (Santa Cruz) after a final wash.
Signals were detected using an enhanced chemilumines-
cence kit (Amersham Pharmacia, Buckinghamshire, UK).
B-Actin levels were used as an internal standard.

Construction and infection of lentiviral vectors
for modulating DEC1 expression

Three different small interfering RNA (siRNA) sequences
were tested for inhibitory activity against DEC1 expression
by transient transfection into BGC823 and MKN45 cells.
The most effective sequence was cloned into the pGC-LV
vector (Shanghai GeneChem, Shanghai, China). This short
hairpin sequence specific for DEC1 (5'-CATTGCCCTGCA
GAGTGGTTTACAACTT CCTGTCAGATTGTAAACC
ACTCTGCAGGGCAATG-3") and a scrambled sequence
(8- TTCTCCGAACGTGTCACGCTTCCTGTC AGAACG
TGACACGTTCGGAGAA-3') were annealed and inserted
into the short hairpin RNA (shRNA) expression vector. Puri-
fied pGC-LV- DECI1, pHelper 1.0, and pHelper 2.0 plasmid-
transfected 293T cells were used to produce lentivirus. The
supernatants of cultured cells were harvested after 48 h incu-
bation with the lentivirus. Next, virus was purified with the
plus-20 kit (Millipore, USA) and stored at —80 °C. MKN45
and BGC823 cells were infected with either DEC1-shRNA
virus or scrambled NC-shRNA virus. All vectors expressed
a green fluorescent protein (GFP) signal. Stable cells were
generated using selection with 5 pg/ml puromycin (Sigma).
The human DEC1 cDNA was subcloned into a pGV-puro
lentiviral vector containing a puromycin resistance gene for
establishment of stable cell lines (GeneChem, China). In this
study, we pooled stable clones.

Cell proliferation analysis

Cell viability was determined using the CCK-8 assay
(Dojindo, Tokyo, Japan). Briefly, stably transfected cell
lines were plated in 96-well plates (1500 cells/well). At daily
intervals (24, 48, 72, and 96 h after plating) the cell prolif-
eration assay was performed by the addition of 10 pl CCK-8
solution to each well, followed by incubation at 37 °C for
2 h. Absorbance was measured at a wavelength of 450 nm
using a microplate reader (Bio-Rad, USA).

For cell proliferation analysis, 10* cells were seeded into
6-well plates and serum starved for synchronization. After
48 h, cells were stained with 2.5 EdU dye (RiboBio, China)
according to the supplier’s recommendations.
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Colony formation assay

Colony-forming capacity was assayed by seeding 1000 cells/
well in 12-well plates. Cells were cultured with DMEM plus
10% FBS and allowed to form colonies for 2-3 weeks in
a 37 °C humidified atmosphere containing 5% CO,. After
removing the media and washing the cells with cold phos-
phate-buffered saline (PBS), colonies were fixed with metha-
nol, washed in H,0,, and stained with 0.02% crystal violet.

Apoptosis assay

Apoptosis was measured using an annexin V/7-AAD (7-ami-
noactinomycine-D) kit (Becton-Dickinson). Briefly, the
washed cell pellet was resuspended in 500 pl binding buffer.
Next, 5 pl Annexin-V-PE and 5 pl 7-AAD were added. Flow
cytometric analysis was performed immediately after stain-
ing. Data acquisition and analysis were performed with a
Becton-Dickinson FACSCalibur flow cytometer using Cell-
Quest software.

In vivo assays for tumor growth

MKN45 cells were stably infected with lenti-DEC1-shRNA
or lenti-NC-shRNA vectors expressing green fluorescent
protein (GFP). Cells (5 x 10°) were suspended in 50 pl
serum-free DMEM and implanted subcutaneously into
the flanks of nude mice (six mice in each group; female
BALB/c nu/nu, 4-6 weeks old). Nude mice were handled
and cared for according to the NIH Animal Care and Use
Committee guidelines in the Experiment Animal Center of
the Medical School of Shandong University, China. All mice
were monitored once every 3 days and killed after 5 weeks.
Tumor onset was measured with calipers at the site of injec-
tion every 3 days by two trained laboratory staff members
at different times on the same day, beginning 3 weeks after
injection when an appreciable tumor volume began to
form subcutaneously. Bioluminescence signal was meas-
ured using the IVIS Lumina system (Caliper Life Science,
Hopkinton, MA, USA). Tumors were removed and embed-
ded in paraffin. Tumor tissue sections were prepared, and
immunohistochemical staining was analyzed using DEC1
(1:50; Genetex) and Survivin (1:500; Abcam) antibodies.
Formalin-fixed tumors were analyzed for proliferation using
EdU incorporation.

Luciferase reporter assays

Wild-type (WT) and mutant (MUT) Survivin promoter
reporters were as described previously [20] and prepared
with the pGL3-basic vector (Promega). MKN45 cells at 60%
confluence were seeded into 6-well plates and then trans-
fected with the luciferase reporter gene construct (WT or
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MUT) and DEC1-overexpression vector. At 24 h after trans-
fection, the cells were harvested and the Luc reporter assay
was performed according to the manufacturer’s instructions
(Promega). All transfection experiments were conducted in
triplicate and repeated thrice independently.

Patients and samples

Tissue microarrays (no. HStm-Ade180-Sur-02) containing
82 specimens of GC and para-carcinoma tissue were pur-
chased from Xinchao Biotechnology (Shanghai, China). All
the samples (each set of paired tumor and para-carcinoma
tissues) were collected and categorized according to their
clinical information from February 2008 to August 2008.

Immunohistochemistry

For immunohistochemical analysis, in brief, after deparaffi-
nization, hydration, and antigen retrieval, the tissue sections
were treated with endogenous peroxidase in 0.3% H,O, for
10 min. Sections were blocked with 1.5% blocking serum in
PBS and then incubated with primary rabbit polyclonal anti-
bodies against DEC1 (1:50; Genetex) and Survivin (1:500;
Abcam) at 4 °C overnight. The sections were then incubated
with streptavidin—biotin—peroxidase complex/horseradish
peroxidase (HRP) (Dako, Denmark) with 3,3'-diaminoben-
zidine (DAB) for 3 min and subsequently counterstained
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Fig.1 Human differentiated embryonic chondrocyte-expressed gene
1 (DECI) promotes gastric cancer (GC) cell proliferation in vitro. a
Real-time polymerase chain reaction (RT-PCR) of DEC1 expression
in GC cell lines. b Western blotting analysis of DEC1 protein level
in GC cell lines. Quantification of immunoblots is shown in bottom

panel. ¢, d Cell viability of MKN-45 and BGC823 cells was meas-
ured by CCKS8 assay. e, f EQU incorporation assay shows that silenc-

with hematoxylin. As a negative control, sections were incu-
bated without primary antibody. The results were observed
under a microscope. Assessment of DEC1 was performed as
previously described by quantifying staining intensity and
percentage of stained tumor cells. Expression was analyzed
by two independent investigators who used a multi-headed
microscope and were blinded to the clinical data.

Results

DEC1 promotes GC cell proliferation in vitro
and in vivo

Because DEC1 expression has been reported to be upregu-
lated in GC tissues [13], we investigated the possible effects
of DECI on the growth of GC cells. We assayed the DEC1
expression level in seven GC cell lines by quantitative
real-time (qQRT)-PCR and Western blot analysis. Higher
levels of DECI1 expression were observed in MKN45 and
BGC823 cells (Fig. 1a, b). Next, MKN45 and BGC823
cells in which DEC1 was silenced or overexpressed were
established. Quantitative cell viability analysis by the CCK-8
assay indicated that MKN45 and BGC823 cell viability
steadily decreased following DEC1 knockdown (Fig. 1c, d;
P < 0.01), whereas overexpression had the opposite effect
(Supplementary Fig. 1). In agreement with these results, the
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cells decreased the numbers of tumor colonies in colony formation
assays. Each bar in the histogram represents the mean + SD of three
independent experiments. *P < 0.05
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fraction of proliferating cells having incorporated EdU was
significantly lower in DEC1-shRNA-expressing cells com-
pared with NC-shRNA-expressing cells (Fig. le, f). Colony
formation assays also showed that DEC1 downregulation
reduced the number and size of colonies formed by MKN45
and BGCS823 cells (Fig. 1g, h).

Having observed a functional role for DECI in regulat-
ing proliferation in GC cells, we next attempted to investi-
gate the tumorigenic potential of DEC1 expression in vivo.
MKN45 cells stably suppressing DEC1 and control cells
were injected subcutaneously into nude mice. Tumors
derived from DECI-suppressing GC cell clones were
smaller and weighed less than those derived from control
cells (Fig. 2a—c). Western blot analysis confirmed DECI
knockdown efficacy in DEC1-shRNA xenografts compared
with the NC-shRNA group (Fig. 2d). Consistent with this
finding, immunocytochemistry of sections obtained from
tumors showed a reduction of DEC1 protein expression
in DEC1-shRNA tumors compared with control sections
(NC-shRNA) (Fig. 2e). DEC1-suppressing tumors showed
a decrease in the number of proliferating cells, as revealed by
EdU staining (Fig. 2f), consistent with in vitro data (Fig. 1).
These results strongly emphasize the fundamental role of
DECI in gastric tumor development.
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Fig.2 Knockdown DECI in GC cells inhibited tumor growth and
tumorigenesis in vivo. a Knockdown DEC1 in MKN45 cells dramati-
cally inhibited tumor growth in nude mice. b Representative images
of the xenograft tumors shown were obtained from the NCshRNA
and DECI shRNA groups. ¢ Mean weights of xenograft tumors.
d Expression of DEC1 determined in xenograft tumors by Western
blot analysis. B-actin was used as a loading control. e Representa-
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DEC1 maintain the survival of GC cells
under hypoxia

Survival under hypoxia is an important mechanism of solid
tumor expansion. Given that hypoxia markedly induces the
expression of DECI, its expression is likely a response
for survival of GC cells under hypoxia. To test this pos-
sibility, MKN45 and BGC823 cells were cultured for 72 h
under hypoxic conditions. Cell viability was subsequently
analyzed using the CCK-8 assay, and apoptosis rate was
detected by flow cytometry. Western blot analysis showed
that hypoxia induced DEC1 expression in GC cells (Sup-
plementary Fig. 2). MKN45 and BGC823 cell viability
decreased under hypoxic conditions. Furthermore, a sig-
nificant loss of viability was observed in MKN45-shDEC1
and BGC823-shDECI cells in hypoxia compared with
either these cells in normoxia or control cells in hypoxia
(Fig. 3a). However, overexpression of DEC1 blocked the
hypoxia-induced loss of viability (Fig. 3a). In addition,
DEC1 downregulation significantly increased the percent-
age of apoptotic cells in hypoxia (Fig. 3b).

MKN45-NCshRNA
MKN45-DEC1shRNA

Tumor weight(g)

NCshRNA DECI1shRNA

EdU

tive images for the expression of DEC1 xenograft tumor tissue sec-
tions determined using immunohistochemical (IHC) staining (x400).
f Sections of NCshRNA and DEC1shRNA tumors subjected to EQU
analysis (representative images). Each experiment was independently
performed at least three times. Data are presented as mean + SD.
*P < 0.05
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Survivin contributes to anti-apoptotic mechanisms
of DEC1 under hypoxia in GC

Previous results showed that DEC1 inhibited serum star-
vation-induced apoptosis through upregulation of Survivin
expression in lung cancer [15]. Therefore, we tested whether
Survivin is involved in the anti-apoptotic effects of DEC1
under hypoxia. We confirmed that DEC1 knockdown dra-
matically reduced Survivin expression in normoxia (Fig. 4a).
Conversely, overexpression of DEC1 induced Survivin
expression (Fig. 4a). In the mouse model, tumors formed
from DEC1-shNC, in which DECI is highly expressed, had
more Survivin expression in comparison with the tumors
from the DEC1-shRNA cells (Fig. 4b). Thus, it appears
that Survivin expression is modulated by DEC1 expres-
sion. To verify whether Survivin is directly regulated by
DECI1 activation in GC cells, a luciferase reporter assay was
performed. Wild-type (WT) and mutant (MUT) luciferase
reporter plasmids were constructed, differing in their bind-
ing sites. DEC1 overexpression substantially increased the
activity of the reporter carrying the WT construct but not
the MUT 3'-UTR of Survivin (Fig. 4c).

We further investigated whether Survivin inhibition could
inhibit the oncogenic effects of DEC1 on GC cell prolif-
eration under hypoxia. A significant loss of viability and
increase in apoptosis was observed in DEC1-shRNA cells
exposed to YM155, a Survivin inhibitor, compared with
DECI1 knockdown alone in hypoxia (Fig. 5a, b). These data
also demonstrate a decrease in Survivin and Bcl-2 protein
expression in cells with DEC1 knockdown and exposed to
YM155 treatment in hypoxic conditions, suggesting that
Survivin contributes to the anti-apoptotic mechanisms of
DECI under hypoxia in GC (Fig. 5c, d).

DEC1 is highly expressed in human GC
and associated with Survivin expression
and decreased patient survival

Immunohistochemical staining was performed to validate the
correlation of DEC1 and Survivin expression in 82 human
GC specimens and paired adjacent normal tissues. GC tissue
exhibited greater immunoreactivity for DEC1 and Survivin
antibodies compared with normal tissue (Fig. 6a, b). Multi-
variate analysis using the Cox proportional hazards model
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Reporter assay of Survivin promoter region. MKN45 cells were tran-

for all variables included in univariate analysis revealed that
both high DEC1 and Survivin expressions were independent
prognostic factors for patients with GC (Fig. 6¢c—d). Further-
more, survival probability was lower in GC patients double-
positive for DEC1 and Survivin expression than those did
not have high co-expression of these factors (Fig. 6¢). DEC1
immunostaining positively correlated with immunostaining
for Survivin (r = 0.8966, P < 0.001 by Spearman’s correla-
tion coefficient; Fig. 6f). These results strongly indicate that
Survivin is an important target of DEC1 with a significant
impact on GC patient survival.

Discussion

In this study, we investigated the novel potential tumor
promotion role of DEC1 in human gastric cancer. Both
in vivo and in vitro data demonstrate that DEC1 knockdown
impaired cell proliferation in GC. Because DEC1 has been
recognized as a hypoxia-induced factor in cancer cells, and
because hypoxia can induce cell apoptosis, we hypothesized
that DEC1 may mediate hypoxia-induced apoptotic effects
on cancer cells. To test our hypothesis, we used gain- and
loss-of-function approaches to demonstrate a direct role of
DECI in regulating the expression of Survivin, a master
factor controlling cell apoptosis, in hypoxia. We provide
evidence that DEC1 knockdown and Survivin inhibition
increased GC cell apoptosis under hypoxic conditions.
Importantly, we observed that GC patients showing high
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tured in serum-free medium for 24 h, and lysates were collected and
analyzed for luciferase activity. Data are mean + SD. *P < 0.05

expression of both DEC1 and Survivin had a trend of sig-
nificantly decreased survival compared with patients who
did not have high co-expression of these factors. Thus, it is
anticipated that strategies aimed at disruption of the DEC1-
Survivin signaling axis may be effective in treatment for
GC patients.

As the role of DECI1 in tumor cell proliferation and
apoptosis remains inconclusive, our report presents a novel
demonstration of the pro-proliferative role of DEC1 in GC.
Our data show that downregulation of DEC1 in GC cells
induced a significant decrease in cell proliferation. Block-
ing DECI in an in vivo xenograft mouse model resulted in
reduced tumor growth. In line with our findings, DEC1 has
been shown to be essential for proliferation of breast cancer
cells [25]. Conversely, downregulation of DEC1 inhibited
proliferation and induced apoptosis in human lung cancer
cells [11]. Our studies confirm the tumor promoter function
of DEC1 in GC. The dual role of DEC1 may depend on the
temporal and spatial distribution of various factors upstream
and downstream of DEC1 in different tissue contexts. These
studies indicate that altered DEC1 expression is likely to be
important in oncogenesis.

Previous studies have confirmed the connection between
DECI and hypoxia pathways [26-30]. Because DEC1 acts as
a tumor promoter in GC, it is speculated that DEC1 protects
GC cells from apoptosis induced by hypoxia. To examine
this possibility, we verified that silencing of DECI increased
apoptosis in GC cells under hypoxic condition. We also
confirmed that DEC1 knockdown decreased the expression
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Fig.5 Survivin contributes to anti-apoptotic mechanisms of DECI1
under hypoxia in GC. a, b DEC1 shRNA GC cells were treated with
YMI155, a Survivin inhibitor, under hypoxia for 72 h. Cell viability

of anti-apoptotic proteins Bcl-2 and Survivin. In support
of our data, DEC1 overexpression has been found to resist
oxidative stress-mediated cell death in skeletal muscle and
podocytes [31]. DEC1 also possesses anti-apoptotic effects
in 8-MOP-treated HepG?2 cells [32]. DECI is involved in
the regulation of apoptosis by transforming growth factor
treatment in mouse mammary carcinoma cells [25].

To date, the transcriptional regulation mechanisms of
DECI in tumor progression remain controversial. DEC1
is generally considered to be transcriptionally repressive
and to regulate DEC2 [33] and cyclin D1 [34] negatively.
These trans-repression properties also indicate that DEC1
acts as a tumor suppressor in some tumor types. However,

was assessed using the CCK8 assay. ¢, d Western blotting analysis of
DECI1, Survivin, and Bcl-2 protein level. p-Actin was used as a load-
ing control. *P < 0.05

DECI1 can act as a transcription activator to upregulate Sur-
vivin [20] and STAT3 [35] expression and is responsible for
pro-tumor activities in certain contexts. To date, no studies
have reported the transcriptional regulation role of DEC1 in
GC. It is known that Survivin is of vital importance in the
regulation of cell apoptosis in cancer cells [21]. Our study
determined that Survivin expression is transcriptionally
regulated by DEC1 both in vitro and in vivo. Furthermore,
we demonstrated that inhibition of Survivin by a specific
inhibitor increased apoptosis rate in cells with DEC1 knock-
down in hypoxic conditions. The relevance of our study
is highlighted by the results found in GC specimens. We
showed that a high level of Survivin expression is correlated
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Fig.6 DECI is highly expressed in human GC and is associated with
Survivin expression and decreased patient survival. a DECI1 and Sur-
vivin expression levels were significantly upregulated in GC cancer
tissues compared with normal tissues. b Representative IHC stain-

with DEC1 expression, as well as with poor patient sur-
vival. Thus, Survivin is an important target of DEC1 for GC
patient survival. Therefore, our study also highlights a novel
regulatory role in cell proliferation by DEC1 in GC.

Taken together, these results support a novel mechanism
for DECI as an anti-apoptotic regulator in GC cells under
hypoxia by promoting Survivin expression. Further explora-
tion of the molecular link between DEC1 and the mechanism
of cancer development may provide novel targets for cancer
therapy.
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