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Hint1 expression inhibits proliferation and promotes
radiosensitivity of human SGC7901 gastric cancer cells
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Abstract. Gastric cancer is a prevalent, malignant tumor
that frequently escapes treatment. Histidine triad nucleo-
tide-binding protein 1 (Hintl) is a haploinsufficient tumor
suppressor gene which contributes to intercellular communi-
cation, helps to regulate cell proliferation and survival, and
is frequently underexpressed in gastric cancer. To examine
the involvement of Hintl in gastric cancer, small interfering
RNA was used to knock down Hintl expression in the human
gastric cancer cell line SGC-7901. The data revealed that Hintl
inhibited cell proliferation, reduced radiation-induced DNA
damage repair and caused G1 phase arrest, which increased
the radiosensitivity of gastric cancer cells. Further mechanistic
studies revealed a novel function of Hintl, whereby it acted as
a negative regulator of extracellular signal-regulated kinase.
These results demonstrated the critical function of Hintl in
the biology of human gastric cancer. Acting as a tumor growth
suppressor and a radiosensitive agent, this protein is a potential
biomarker and may be an attractive target for specific thera-
peutic interventions against gastric cancer.

Introduction

Gastric cancer (GC) is the most prevalent digestive system
carcinoma (1). In 2012, it was diagnosed in 950,000 patients
and caused 723,000 mortalities (1). Its malignance is due to
its capacity for rapid proliferation and resistance to chemo-
radiotherapy. While the biological events and key signaling
pathway disruptions that drive its growth are being studied at
present, the underlying mechanisms of resistance to conven-
tional DNA-damaging agents and ionizing radiation (IR)
remain largely unknown.
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Histidine triad nucleotide binding protein 1 (Hintl) is a
haploinsufficient tumor suppressor gene which contributes to
intercellular communication, helps to regulate cell prolifera-
tion and survival, and is frequently underexpressed in the early
stages of oncogenesis (2-5). Hintl knockout mice demonstrated
a marked increase in susceptibility to colorectal, mammary and
ovarian tumors (2,3). In 2011, our team first reported that Hintl
was underexpressed in human GC tissues at the protein and
gene level. Its downregulation was associated with poor tumor
cell differentiation and bacterial or viral infection, including
infection by Helicobacter pylori or the Epstein-Barr virus,
suggesting patients with Hintl underexpression may present
with biologically aggressive tumors and poor prognosis (6).

The tumor suppressive effects of Hintl protein primarily
serve an inhibitory function in a number of gene transcription
control pathways. For instance, Hintl promotes apoptosis via
upregulation of p53 and downregulation of B cell lymphoma-2
in the SW480 human colon cancer cell line and the MCF7
breast cancer cell line (7). Upon association with the plenty
of SH3 domains protein and mitogen activated protein kinase
9 complex, Hintl inhibits activity of the activator protein-1
transcription factor responsible for the proliferation and angio-
genesis of colon cancer cells (8). In addition, Hintl enhances
cellular responses to DNA damage by regulating the functions
of y-H2A histone family member X and ATM serine/threonine
kinase (ATM) in normal cells (9). However, little is known
regarding the effect of Hintl on radiotherapy in cancer, even
though a relationship between Hintl and DNA damage repair
was reported previously (9).

The present study analyzed the tumor suppressive effects
of Hintl in the SGC7901 gastric cancer cell line. Its inhibi-
tion of cell viability in this cell line was demonstrated, and
the involved signaling cascades were investigated. Hintl
may negatively regulate extracellular signal-regulated kinase
(ERK), which is involved in gastric carcinogenesis. In addition,
Hintl prevented IR-induced DNA damage repair in SGC7901
cells via the repression of Cyclin D1-dependent retinoblastoma
protein (Rb protein) phosphorylation, which induced G1 arrest
and cell death.

Materials and methods

Cell culture and treatment. The SGC7901 and AGS human
gastric cancer cell lines were obtained from the Cell Bank of
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Type Culture Collection of the Chinese Academy of Sciences
(Shanghai, China). Cells were maintained in RPMI-1640
medium (Invitrogen; Thermo Fisher Scientific, Inc., Waltham,
MA, USA), supplemented with 10% fetal bovine serum
(Gibco; Thermo Fisher Scientific, Inc.), and incubated in a
100% moist incubator with 5% CO, at 37°C. A Varian medical
linear accelerator (Varian Medical Systems, Palo Alto, CA,
USA), offered by the Department of Oncology, Nanjing First
Hospital (Nanjing, China) was used to treat the cells. Gastric
cancer cells were plated at a density of 1x10* cells/well into
96-well plates, and were incubated overnight. Then, cells were
treated with 0, 1,2, 4 or 6 Gy X-ray or 50 M PD98059 for 24 h
at 37°C (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany),
a specific ERK inhibitor (ERKi), for further experiments.

RNA interference. RNA interference was used to selectively
knock down Hintl in SGC7901 cells. The sequence of
pGPU6/green fluorescent protein/Neo-short hairpin RNA
(shRNA)-Hintl (Sangon Biotech Co., Ltd., Shanghai, China)
was 5'-CCGGCGACACGATCTTTGGGAAGATCTCGA
GATCTTCCCAAAGATCGTGTCGTTTTTG-3'. Cells
were transfected with the aforementioned shRNA using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.)
for 24-72 h. Then cells were re-seeded in RPMI-1640 medium
containing G418 (400 pg/ml; Gibco; Thermo Fisher Scientific,
Inc.) to enrich the culture for cells that were successfully trans-
fected. Following 120 h transfection, the cells were harvested to
determine knockdown efficiency by reverse transcription-quan-
titative polymerase chain reaction (RT-qPCR) and western blot
analysis. A non-targeting shRNA vector (cat. no. E-07/F-07,
Shanghai GenePharma Co., Ltd., Shanghai, China.) was used as
a negative control for all experiments.

Colony survival assay. A colony survival assay was performed
to determine the influence of Hintl on SGC7901 cell prolifera-
tion. Exponentially growing cells were seeded at a low density
in a 6-well plate (80 cells/well plate; Corning Incorporated,
Corning, NY, USA) and allowed to grow for 7-10 days in
RPMI-1640 medium. The media was then removed and
replaced with 0.1% crystal violet dye. The size of live colonies
which contained >50 cells was evaluated using a fluorescence
microscope (Olympus IX71; Olympus Corporation, Tokyo,
Japan) at magnification, x200. The number of colonies were
then counted and the proliferation ratio was calculated as the
ratio of the number of colonies in Hintl silenced cells formed
to those formed by the vector control group.

MTT assay. SGC7901 and AGS cells (1x10*) were seeded in
96-well plates and then treated with 0, 1, 2, 4 or 6 Gy X-ray
or PD98059 (50 ym). MTT reagent (10 ul/well; Trivegen,
Gaithersburg, MD, USA) was added and cells were left inside
the incubator for a further 4 h at 37°C, followed by the addi-
tion of 100 ul detergent reagent (Trivegen) according to the
manufacturer's protocol. Absorbance of the colored solution
was measured by a fully automated multi-detection microplate
reader (POLARstar Optima; BMG Labtech GmbH, Ortenberg,
Germany) at 570 nm.

Comet assay. The alkaline comet assay was performed
in SGC7901 cells either directly following irradiation or
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following a recovery of 24 h in RPMI-1640 medium supple-
mented with 10% fetal bovine serum using the OxiSelect
Comet Assay kit (Cell Biolabs, Inc., San Diego, CA, USA). All
steps were performed on ice or in the cold to minimize repair
processes. Images were recorded using a fluorescence micro-
scope (Olympus IX71; Olympus Corporation, Tokyo, Japan) at
magnification, x200. For each data point, 2-3 areas on parallel
slides were scored with 51-60 cells each, and DNA in tail (%)
was calculated for each cell using the image-analysis software
CaspLab (version 1.2.3 betal; http://casplab.com/download).
The median of DNA in tail (%) was calculated for each area,
and the presented values are the means of the medians of each
data point.

Protein extraction and western blot. A total of
1x107 SGC7901 or AGS cells were collected and lysed using
ice-cold lysis buffer (50 mM Tris, pH 7.4, 150 mM NaCl,
1% SDS, 1 mM EDTA, 1% NP-40) containing 1 mM protein
inhibitor and 1 mM phenylmethylsulfonyl fluoride for
30 min on ice. The lysates were centrifuged at 10,000 x g
at 4°C for 10 min and the supernatants were collected.
Protein concentration was measured using a bicinchoninic
acid protein assay (Pierce; Thermo Fisher Scientific, Inc.).
Equal amounts of 30 ug total protein for each sample was
loaded and separated by 7.5-12.5% SDS-PAGE and then
transferred onto polyvinylidene difluoride membranes
(Amersham Biosciences). Membranes were blocked with
5% skim milk in TBST (20 mM Tris-HCI, pH 7.4, 150 mM
NaCl, 0.1% Tween-20) for 1 h and incubated with specific
antibodies diluted as needed at 4°C overnight. B-actin was
used as the loading control. Then, membranes were incubated
with goat anti-rabbit IgG (cat. no. sc-2040; 1:400) or goat
anti-mouse IgG (cat no. sc-2039; 1:400; both Santa Cruz
Biotechnology, Inc., Dallas, TX, USA) secondary antibodies
for 1 h at room temperature. Target proteins were visualized
with an Amersham Enhanced Chemiluminesence Western
Blotting Detection kit following the manufacturer's protocol.
(cat. no. RPN2108, GE Healthcare Life Sciences, Chalfont,
UK). The primary antibodies included anti-Hintl (1:500;
ab64071; Abcam, Cambridge, UK), anti-phosphorylated
(p-)ERK1/2 (1:250; cat. no. 4370), anti-ERK1/2 (1:1,000;
cat. no. 9107; Cell Signaling Technology, Inc., Danvers,
MA, USA), anti-p-IxB kinase (1:500; IxB; Ser32; ab92700),
anti-nuclear factor-kB (NF-«xB) p65 (1:1,000; Ser536;
cat no. ab86299), anti-ATM (1:300; cat no. ab17995; all
Abcam, Cambridge, UK), anti-p-ATM (1:1,000; Ser1981;
cat. no. 13050), anti-p-ATR serine/threonine protein kinase
(1:500; ATR; Ser428; cat. no. 2853), anti-ATR (1:500; cat.
no. 2790; all Cell Signaling Technology, Inc.), anti-Cyclin
D1 (1:500; ab137875; Abcam), anti-p-Rb (1:1,000;
Ser780; cat. no. 5225), anti-BCL2 associated X, apoptosis
regulator (1:1,000; Bax; cat. no. 2772; both Cell Signaling
Technology, Inc.) and anti-f3-actin antibody (1:1,000; A1978,
Sigma-Aldrich; Merck KGaA).

RT-gPCR. Hintl mRNA levels were determined in SGC7901
cells using RT-qPCR. Total RNA was extracted from cells
using an RNeasy kit (Qiagen, Inc., Valencia, CA, USA) and
RT-qPCR was performed using a TagMan reverse transcrip-
tion kit (Thermo Fisher Scientific, Inc.) according to the



Bz SPANDIDOS .
UBLICATIONS ONCOLOGY LETTERS 16: 2135-2142, 2018

2137

A B :
L * Vector control ~ shHint1
<
=
= 1 Hint1 o—
£ o0s .
5 factin | S—
(=]
_5 06
7
o
s 04
F.9
(1]
(1]
=
K 0.2
15}
v
0
Ve shHint1
control
C 5
250 \ector control shHint1
Vector ;
E =*= control = ShHint! 1.8 *
c 2.00 = 18
3 5
3 g 14
o 150 * 2 4,
= B 1
— m
§ 1.00 5 08
3 T 06
© k]
0.50 5 04
& 02
0.00 0 T
Oh 24 h 48 h 72 h Vector control shHint1

Figure 1. Effect of transfection with shHintl on Hintl mRNA and protein expression levels, and SGC7901 cell viability and proliferation. (A) Reverse
transcription-quantitative polymerase chain reaction was performed to measure Hint] mRNA expression in control vector cells and shHint1 cells. (B) Western
blot analysis was performed to measure Hintl protein expression in control vector cells and shHintl cells. (C) Cell viability was assessed by MTT assay.
(D) Cell proliferation ratio was determined by colony survival assay. Data are presented as the mean =+ standard error of the mean. "P<0.05 vs. vector control.

si, small interfering RNA; Hintl, histidine triad nucleotide-binding protein 1.

manufacturer's protocol. The PCR primers were as follows:
Human Hintl forward, 5'-ATTTCCCCTCAAGCACCA
ACA-3" and reverse, 5" ATCAGCAGCACATTTCTTGCC-3";
B-actin forward, 5'-CCCATCTATGAGGGTTACGC-3' and
reverse, S"TTTAATGTCACGCACGATTTC-3' (Invitrogen;
Thermo Fisher Scientific, Inc.). The thermocycler conditions
were as follows: Initial denaturation at 95°C for 15 sec, then
40 cycles at 95°C for 5 sec and 60°C for 30 sec. Relative
expression to the control gene was determined using the AACq
method (10). The experiments were repeated three times.

NF-xB transcription factor DNA binding activity. SGC7901
cells were treated as described previously. Nuclear extracts
were prepared by a nuclear extract kit (Active Motif, Carlsbad,
CA, USA) and subsequently analyzed for NF-kB activity
using the NF-kB p65 Transcription Factor Assay kit (Cayman
Chemical Company, Ann Arbor, MI, USA) according to the
manufacturer's protocol. Briefly, cellular nuclear extracts were
purified and plated in a 96-well plate. Then, samples were
incubated with NF-kB (p65) primary antibody and secondary
antibody successively. Absorbance of each well measured
by a fully automated multi-detection microplate reader
(POLARstar OPTIMA) at 450 nm.

Flow cytometric analysis of the cell cycle. SGC7901 cells
(2x10%) were seeded in 6-well plates with RPMI-1640 medium

supplemented with 10% fetal bovine serum and then irradiated
with X-rays (6 Gy). The cells were harvested either prior to
irradiation or following a recovery period of 24 h. Then, cells
were washed three times with cold PBS and resuspended in
1 ml staining solution (50 pg/ml propidium iodide, 20 ug/ml
RNase A). Following incubation for 30 min at room tempera-
ture, samples were analyzed using a fluorescence-activated
cell sorting flow cytometer (BD Biosciences, Franklin Lakes,
NIJ, USA). The percentage of cells in GO/Gl, S, and G2-M
phases was calculated and compared with ModFit LT software
(version 3.2; Verity Software House, Topsham, ME, USA).

Statistical analysis. All experiments were performed at least in
triplicate on separate experimental days. Statistical differences
between the values obtained in different experimental settings
were evaluated by the means of analysis of variance (two-way
or one-way, as appropriate) with post hoc Duncan's range tests,
or unpaired Student's t-tests, using IBM SPSS 21.0 software
(IBM SPSS, Armonk, NY, USA) for Windows. P<0.05 was
considered to indicate a statistically significant difference.

Results

Growth inhibitory effects of Hintl in SGC7901 cells.
To analyze the involvement of Hintl in gastric cancer, a
shRNA-Hintl vector was transfected into SGC7901 gastric
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Figure 2. Effect of Hintl interference on the ERK signaling pathway. (A) Western blot analysis was performed to measure ERK, IxB and NF-«B protein
expression. (B) An NF-kB transcription assay was performed to measure NF-xB p65 DNA binding activity. (C) The effect of Hintl on cell viability was tested
by MTT assay. 'P<0.05 vs. vector control and shHintI+ERKi groups. Hintl, histidine triad nucleotide-binding protein 1; ERK, extracellular signal-regulated
kinase; IkB, IxB kinase; NF-«B, nuclear factor-kB; si, small interfering RNA; ERKi, ERK inhibitor; p-, phosphorylated.

cancer cells. Transfection with the shHintl vector resulted
in significantly reduced Hintl mRNA expression and visibly
reduced Hintl protein expression (Fig. 1A and B, respectively).
In the subsequent MTT assay, cells transfected with shHintl
demonstrated significantly increased viability compared
with the vector control group (Fig. 1C). Meanwhile, a colony
survival assay was performed to verify the results of this
test. There was a ~1.5 fold increase in the number of colo-
nies observed in the shHintl group compared with the vector
control under the same culture conditions and time (Fig. 1D).
These data demonstrated an inhibitory function of Hintl on
gastric cancer cell viability.

Suppression of ERK-dependent NF-xB activation is involved
in Hintl-mediated retardation of cell viability. The ERK
signaling cascade is a central mitogen-activated protein
kinase (MAPK) pathway that regulates various oncogenic
responses, including proliferation and survival (11,12). To
further investigate the mechanisms by which Hintl inhibited
the viability of gastric cancer cells, the interactions between
Hintl and ERK were determined. The results revealed that
ERK phosphorylation activity was significantly increased
following knockdown of Hintl in SCG7901 cells (Fig. 2A).

Activated ERK subsequently induced IxB phosphorylation
and activated the NF-kB p65 signal pathway when lacking
regulation from Hintl (Fig. 2A and B). These cascades were
repressed by ERKi, demonstrating that the activation of
NF-«B p65 following Hintl knockdown was ERK dependent.
To verify this result, the effect on cell viability in the shHintl
group was analyzed following treatment with ERKi. ERKi
efficiently reversed the increased viability induced by Hintl
deficiency (Fig. 2C). These data indicated that Hintl may be
a negative regulator of ERK, and further prevent activation
of its downstream signaling pathways, including NF-«B, thus
inhibiting cell viability.

Hintl increased radiosensitivity in gastric cancer cells. Due
to the deleterious influence of Hintl on cancer cell viability,
the present study investigated whether Hintl modulated the
radiation resistance of gastric cancer. Two human gastric
cancer cell lines with 0, 1, 2, 4 or 6 Gy X-ray. Prior to the
treatment, the protein expression of Hintl was examined in
these cell lines (Fig. 3A). Notably, differences in cell survival
were observed between the gastric cancer cells lines following
radiation. SGC7901 cells, which demonstrated higher Hintl
protein expression, exhibited higher sensitivity to radiation,
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Figure 4. Results of the comet assay. (A) Representative images of comet
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Casplab software. Data are presented as the mean + standard error of the
mean. "P<0.05 vs. 0 h. si, small interfering RNA; Hintl, histidine triad
nucleotide-binding protein 1; ERKi, ERK inhibitor.

whereas AGS cells, with lower Hintl protein expression, were
relatively resistant to treatment (Fig. 3A). shHintl-transfected

SGC7901 cells were then treated with radiation, with ERKi
or without. Radiation resistance was induced in the shHintl
SGC7901 cells, while ERKi overcame this (Fig. 3B).

Hintl delayed radiation-induced DNA damage repair in gastric
cancer cells. A previous study demonstrated that Hintl is involved
in DNA damage repair in normal cells (9). The influence of Hintl
expression on DNA damage, a hallmark of radiation-induced
cytotoxicity, was explored on SGC7901 cells using single cell
gel electrophoresis, also known as a comet assay. shHintl cells
demonstrated visibly smaller DNA tails than the vector control
24 h following radiation treatment of 6 Gy, suggesting enhanced
DNA repair in Hintl-deficient cells (Fig. 4A). There was no
significant difference in the tail DNA fraction between 0 and 24 h
in the vector control and ERKi treatment group (Fig. 4B). In this
experiment, ERKi treatment did not affect the formation of DNA
damage, instead retarding DNA damage repair.

Hintl-mediated Cyclin DI suppression results in persistent G1
arrest in gastric cancer cells following IR. The mechanisms
underlying the involvement of Hintl in the radiation response
remain unclear. First, the effect of Hintl expression on the
cellular DNA damage response signal pathway was examined.
As reported by a previous study, p-ATM levels increase in
SGC7901 cells following radiation treatment, but this increase
is partially suppressed in shHintl cells (13). Notably, the
activation of ATR, the other important DNA damage sensor,
did not seem to be altered by Hintl expression, but it was not
possible to explain why Hintl increased radiosensitivity with
enhanced ATM activation (13). Similar results were observed
in the present study (Fig. 5A). Therefore, the present study
focused on the downstream effectors of the DNA damage
response. Cyclin D1, a cell-cycle regulator essential for the G1
phase, was downregulated by Hintl (Fig. 5B). During the G1
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phosphorylated; Rb, retinoblastoma protein; Bax, BCL2 associated X, apoptosis regulator; IR, ionizing radiation; si, small interfering RNA.

phase, Cyclin DI increases DNA synthesis via Rb phosphory-
lation and promotes S phase entry (14). Decreased Cyclin D1
levels in SGC7901 cells significantly inhibited p-Rb activa-
tion, resulting in a persistent G1 arrest following IR treatment
(Fig. 5B and C). Accordingly, the pro-apoptotic protein Bax
was upregulated in vector control cells following IR compared
with shHintl cells following IR (Fig. 5B).

Discussion

Previous investigations using genetically engineered mice
have demonstrated that Hintl is a novel haploinsufficient
tumor suppressor gene (2,3). It demonstrates a strong analogy
with fragile histidine triad, a known tumor suppressor gene
on common fragile site fragile site, aphidicolin type, common,
fra(3)(p14.2) (2), but its functions are yet to be completely
understood. A previous study analyzed clinical samples
and reported a potential tumor suppressor role for Hintl in
human gastric cancer (6). In the present study, the function of
Hintl was analyzed in human gastric cancer cells. The results
obtained demonstrated, for the first time, that Hint]l decreased

gastric cancer cell proliferation in vitro by decreasing cell
viability. These observations were consistent with the proposed
tumor suppressor function of Hintl and with previous findings
demonstrating that Hintl inhibited human colon and breast
cancer cell growth (2,3,8).

Mechanistic studies subsequently demonstrated the negative
regulation of Hintl on ERK signal pathway activation. ERK1/2
are associated protein-serine/threonine kinases that participate
in the Ras-Raf-mitogen-activated protein kinase kinase-ERK
signal transduction cascade. This cascade participates in the
regulation of a number of processes, including cell adhesion,
cell cycle progression, cell migration, cell survival, differentia-
tion, metabolism, proliferation and transcription (11,12). ERKs
directly phosphorylate multiple transcription factors, including
the ETS transcription factor family, c-Jun and c-Myc (15-17).
ERK also phosphorylates and activates the 90 kDa ribosomal
S6 kinase (p90Rsk), which, in turn, leads to the activation
of the transcription factor cAMP response element binding
protein (18). Furthermore, ERK results in activation of the
NF-«B transcription factor by phosphorylating and activating
IxB kinase (19). Deregulated activation of NF-«B, which



induces uncontrolled cell growth, is a central signature of
multiple types of epithelial cancer. For instance, over-activation
of NF-kB, regulated by ERK, promoted malignant transforma-
tion in endometrial epithelia cells (20). In the present study,
silencing Hintl resulted in the activation of the ERK-NF-kB
signal pathway in SGC7901 cells. This demonstrated that Hint1
acted as an ERK-control factor in stomach carcinogenesis,
resulting in tumor suppression.

As radiation therapy has become a pillar of the therapeutic
approach to gastric cancer, the study of the molecular mecha-
nisms underlying the radiation resistance of gastric cancer
cells has become important. A previous study indicated that
Hint1” mouse embryonic fibroblasts cells had defects in the
double-stranded break (DSB) repair pathway, including loss
of ATM activation and the presence of unrepaired DSB,
while another study demonstrated that Hintl-deficient cells
exhibited resistance to IR-induced apoptosis (2,9). Therefore,
the exact function of Hintl in response to radiation in gastric
cancer cells was worthy of investigation. In the present study,
Hintl-deficient SGC7901 cells also exhibited resistance to IR.
Although Hintl deficiency affected ATM activation, DNA
damage repair was not retarded in Hintl-deficient SGC7901
cells in the present study. On the contrary, vector control cells
demonstrated repressed DNA damage repair functions. One
reason for this may be that cancer cells have more inordinate
or defective DNA damage repair functions than normal cells.
The loss of critical tumor suppressor genes, including Hintl,
may activate other pro-survival signal pathways which enhance
DNA repair in cancer cells. In addition, ATM activation is not
completely inhibited following Hintl silencing or in Hint1"
cells, as previously described (9). In addition, Hintl deficiency
did not affect the activation of ATR, another important DNA
damage sensor, in the present study.

As Hintl was demonstrated to inhibit ERK activation, its
downstream effectors, which may be involved in DNA repair,
were investigated. Cyclin D1, a component of the core cell
cycle machinery, was revealed to be significantly upregulated
following silencing of Hintl. Cyclin D1 phosphorylates and
inactivates Rb protein and promotes progression through the
G1-S phase of the cell cycle (21). A number of studies have
demonstrated that endogenous high levels of cyclin D1 promote
carcinogenesis and radioresistance in the majority of malig-
nant tumors (22-24). Downregulation of Cyclin D1 induces
Gl arrest, followed by apoptosis, in human skin cancer A431
cells following UV exposure (25). Cyclin D1 overexpression
perturbs DNA replication and induces replication-associated
DNA DSBs, which may gradually induce formation of
acquired radioresistance during long term fractionated radio-
therapy (26,27). In the present study, the negative regulation of
ERK mediated by Hintl may suppress Cyclin DI expression,
which leads to persistent Gl arrest followed by apoptosis in
SGC7901 cells following IR exposure.

In summary, the results of the present study first indicated
that Hintl was involved in the regulation of cell proliferation
and radioresponse via negative control of the ERK signal
pathway. These results demonstrated the critical function
of Hintl in the biology of human gastric cancers. Acting as
a tumor growth suppressor and a radiosensitive agent, this
protein is a potential biomarker and an attractive target for
specific therapeutic interventions against gastric cancer.
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