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CDKG6 is stimulated by hyperthermia and protects gastric
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Abstract. Hyperthermia is one of the most widely employed
adjuvant treatments for cancer, especially for hyperthermic
intraperitoneal chemotherapy, and has few side effects.
Gastric cancer has various hyperthermia sensitivities, but
the exact molecular mechanisms remain to be elucidated.
In the present study, western blotting was performed to
detect differential expression of proteins that have been
reported to be upregulated in gastric cancer. Following
knockdown of these proteins, apoptosis was measured by
Annexin V-FITC/propidium iodide (PI) double staining and
hyperthermia treatment was applied. To evaluate the effect of
cyclin-dependent kinase 6 (CDKG6) on hyperthermia-induced
apoptosis, CDK6 was knocked down or inhibited by the addi-
tion of a specific inhibitor and subsequent PI staining and cell
proliferation, migration and invasion assays were performed.
Hyperthermia-induced protein kinase B (AKT) expression and
phosphorylation inhibition were detected. As demonstrated in
the present study, the hyperthermia-induced proteins kinesin
family member 11 (KIF11), cyclin-dependent kinase 6 (CDK6),
stromal antigen 2, NIMA-related kinase 2 and karyopherin
subunit a 4 were highly expressed in gastric cancer cells,
including SH-10-TC and HGC-27 cells. Knockdown of KIF11
significantly increased apoptosis without hyperthermia treat-
ment and CDKG6 significantly increased hyperthermia-induced
apoptosis, prompting the present study to focus on CDKG6.
It was further confirmed that CDK6 activity was critical
for decreasing hyperthermia-induced apoptosis and for cell
proliferation. Hyperthermia-induced AKT expression and
phosphorylation inhibition is potentially the main cause of
CDKG6 transcriptional upregulation. Taken together, these
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findings demonstrated that CDKG6 is upregulated via hyper-
thermia-induced AKT inhibition and subsequently protected
gastric cancer cells from hyperthermia-induced apoptosis,
indicating that it is a potential therapeutic target to sensitize
gastric cancer cells to hyperthermia-based therapy.

Introduction

Gastric cancer is one of the commonest types of cancers
worldwide (1), with widespread geographic variation in its
prevalence in East Asia, South and Central America and
Eastern Europe (2). Gastric cancer has a poor prognosis
because of the likelihood of recurrence following curative
surgery; recurrence occurs in ~30-50% of patients despite
the use of different surgical strategies, including D2 lymph-
adenectomy and D2 gastrectomy (3,4). Peritoneal recurrence
occurs in ~10-45% of patients following curative surgery (3,5).
Multiple strategies have been developed for peritoneal recur-
rence, including adjuvant chemotherapy (4,6), neoadjuvant
chemotherapy (7) and adjuvant chemoradiation (8); however,
none of them successfully lower the rate of distant metastasis.

Hyperthermic intraperitoneal chemotherapy (HIPEC) is
an adjunctive strategy to surgery. It is performed by employing
a heated solution containing cytotoxic drugs and intended to
destroy tumor cells that remain following tumor removal or
existing tumor cells in the peritoneum (which can later lead to
recurrence) (9). Hyperthermia is critical for HIPEC, in which
the malignant tumor is exposed to temperatures >40-43°C,
which induce apoptosis of tumor cells mainly by disrupting
cytoskeleton components, changing membrane permeability
and inhibiting tumor cell growth (10). However, the exact
mechanism of the positive therapeutic effects of hyperthermia
remains to be elucidated.

It has been known for over three decades that cancer
cells present markedly more sensitivity to mild hyperthermia
than normal or nontumor cells (11,12). Several mechanisms
have been proposed for how hyperthermia kills tumor cells,
including disruption of plasma membrane protein and cyto-
skeletal distribution, induction of reactive oxygen species,
disturbance of mitochondrial membrane potential, promotion
of cell apoptosis and arrest of cell cycle phases (13,14). All
these hyperthermic effects may be due to a change in global
gene expression in tumor cells. Studies have evaluated heat
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shock-induced changes in global gene expression in tumor
cells and identify several genes involved in the regulation of
apoptosis, the cell cycle and cell structure/maintenance (15,16),
including kinesin family member 11 (KIF11), cyclin-depen-
dent kinase 6 (CDK6), PAGE family member 2 (PAGE2),
NIMA-related kinase 2 (NEK?2) and karyopherin subunit o 4
(KPNA4). These findings have raised further questions
regarding the roles of these genes in gastric cancer cells and in
hyperthermia-induced cell damage.

The cell cycle kinase CDK6 has been recognized not only
as a typical cyclin-dependent kinase but also as a transcrip-
tional regulator of a number of genes and its effects may be
dependent on or independent of its kinase activity (15,16).
CDKG6 tightly regulates the G, to S cell cycle transition and
negatively regulates cell differentiation (17). In gastric cancer
cells, CDK6 has been reported to interact with EGFR and
promote malignant behaviors, including cell proliferation,
migration and invasion, while increasing chemoresistance (18).
As CDKG6 is also upregulated by hyperthermia treatment, it
was hypothesized that CDK6 may be induced by hyperthermia
and regulate tumor progression.

The purpose of the present study was to investigate whether
effects on CDK6 induced by hyperthermia are involved in
regulating malignant behaviors and hyperthermia-induced
cell injury. By identifying the potential roles of CDK6 in
hyperthermia-induced cell injury, the results suggested CDK6
as a promising therapeutic target for enhancing sensitivity to
hyperthermia in gastric cancer.

Materials and methods

Cell culture. The Human gastric cancer cell lines SH-10-TC,
HGC-27 and epithelial cell line GES-1 were bought from
the American Type Culture Collection and frozen in liquid
nitrogen (~-196°C) in the Department of Gastrointestinal
Surgery, the First Affiliated Hospital of Zhengzhou
University (Zhengzhou, China). They were cultured in
DMEM (Thermo Fisher Scientific, Inc.) supplemented with
10% FBS, 100 U/ml penicillin and 100 pg/ml streptomycin
(Thermo Fisher Scientific, Inc.). Cells were maintained at 37°C
in 5% CO, and passaged every 3-4 days.

Gene expression profiling interactive analysis (GEPIA). The
relative expression levels in gastric cancer samples of KIF11,
CDKG®6, stromal antigen 2 (STAG2), NEK2 and KPNA4
compared with adjacent non-tumor samples were analyzed
in GEPIA (gepia.cancer-pku.cn; release date, 2017). The
mRNA levels of these genes in 407 gastric cancer samples
and 211 adjacent non-tumor samples were obtained from The
Cancer Genome Atlas (TCGA) database. Statistical analyses
were performed using an unpaired Student's t-test for two
independent groups and the cut-off was P<0.01.

Western blot analysis. Rabbit monoclonal anti-human KIF11
antibody (cat. no. ab254298), rabbit anti-human CDK6
antibody (cat. no. ab124821), goat polyclonal anti-human
STAG?2 antibody (cat. no. ab4463), rabbit anti-human
NEK?2 antibody (cat. no. ab227958), goat anti-human
KPNA4 antibody (cat. no. ab6039), rabbit anti-pan-AKT
antibody (cat. no. ab8805), rabbit anti-AKT (Ser473)

antibody (cat. no. ab81283), rabbit anti-AKT (Thr308) anti-
body (cat. no. ab38449) and mouse monoclonal anti-f-actin
antibody (cat. no. ab8226) were bought from Abcam, diluted
at 1:1,000 and used following the manufacturer's instructions.
Cells were lyzed using a SoniConvert® sonicator
(DocSense) to obtain cell lysate following the manufacturer's
instruction. Total protein was quantitatively measured using a
BCA kit (Sigma-Aldrich; Merck KGaA). Total protein (30 pg)
was fractionated using 6-12% gradient Tris-glycine gels and
transferred onto PVDF membranes. The PVDF membranes
were blocked in 5% milk/Tris-buffered saline (TBS) buffer
at room temperature for 30 min followed by an incubation
with primary antibodies at 4°C overnight. After washing
with PBS-T (containing 0.1% Tween-20) three times, PVDF
membranes were incubated with HRP-conjugated secondary
antibodies for another 1 h. The following secondary antibodies
were used (all 1:5,000; Abcam): Goat anti-mouse IgG (HRP)
secondary antibody (cat. no. ab97040); goat anti-rat IgG (HRP)
secondary antibody (cat. no. ab7097); and donkey anti-goat
IgG (HRP) secondary antibody (cat. no. ab7125). Blots were
developed using the Pierce ECL Western Blotting Substrate
(Thermo Fisher Scientific, Inc.) according to the manufac-
turer's instructions. Protein expression was semi-quantified
via densitometry using ImagelJ software (version-2.0; National
Institutes of Health) with 3-actin as the loading control.

Short interfering (si)RNA transfection. Knockdown of
mRNA level of KIF11, CDK6, PAG2, NEK2 and KPNA4
were achieved by transient transfection of cells with (si)RNA
duplexes. siRNA duplexes of KIF11 (cat. no. 4390844),
CDKG6 (cat. no. 4390824), PAG2 (cat. no. 289806), NEK2
(cat. no. 143612) and KPNA4 (cat. no. 143404) were purchased
from Thermo Fisher Scientific, Inc. The commercial specific
siRNAs were provided by Thermo Fisher Scientific, Inc.;
negative control (siNC) sense 5'-GUUCAAUAUUAUCAA
GCGGUU-3' and antisense 5'-CCGCUUGAUAAUAUUGAA
CUU-3' was employed as negative control without specific
target. siRNA transfection was performed by following manu-
facturer's protocol. Briefly, 5x10° cells were grown in 2 ml of
serum-free medium. A siRNA/transfection reagent complex
was formed at room temperature by combining siRNA
oligomer (50 nM) with 5 pl (2 ug/ml) Lipofectamine® 2000
transfection reagent (Thermo Fisher Scientific, Inc.) in 0.5 ml
OptiMEM medium (Thermo Fisher Scientific, Inc.) and this
was applied to the cells for 48 h until they were harvested.
Cells transfected with NC siRNA were considered as control
cells. Successful knockdown of target gene was confirmed by
performing quantitative PCR (qPCR).

Apoptosis assay. The apoptosis of cells was analyzed
performing Annexin V-FITC/propidium iodide (PI)-double
staining followed by fluorescence-activated cell sorting
analysis using Annexin V Apoptosis Detection kit FITC
(cat. no. 88-8005-72; eBioscience; Thermo Fisher Scientific,
Inc.). Briefly, 5x10* cells were grown in a 6-well plate. Following
37°C or 42°C pre-incubation for 2 h and another 24-h incuba-
tion under 37°C, cells were trypsinized, washed with PBS,
resuspended in 200 ul PBS with 10 1 RNAase (10 mg/ml)
and incubated at 37°C for 30 min. At the end of incubation,
50 pl Annexin V-FITC/PI labeling solution (BD Biosciences)
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was added and cells were analyzed for apoptosis using a flow
cytometer (BD FACS Canto II; BD Biosciences). The results
were analyzed using FlowJo software (version 9.7.4; Tree Star,
Inc.). Apoptotic cells were defined as Annexin VFITC* cells.

Cell cycle analysis. To analyze cell cycle phases by quantifica-
tion of DNA content, cells harvested by trypsin were washed
with ice-cold PBS for three times to remove the medium. The
cells were fixed with ice-cold 70% ethanol overnight at 4°C.
Fixed cells were pelleted under 1,000 x g centrifugation and
the supernatant was removed followed by three washes with
ice-cold PBS. Cells were incubated with final concentration
of 100 ug/ml RNase A and 40 ug/ml PI (Beyotime Institute
of Biotechnology) for 15 min in dark. The cells were analyzed
by a 3 laser Navios flow cytometer (Beckman Coulter, Inc.)
and the results were analyzed using ModFit analysis software
program (version 4.0; Verity Software House, Inc.).

Reverse transcription-qPCR (RT-gPCR). To isolate total
RNA from cells, TRIzol® (Thermo Fisher Scientific, Inc.)
was used according to the manufacturer's instructions.
Subsequently, total RNA (1 xg) was reverse transcribed into
cDNA using a High-Capacity cDNA Reverse Transcription
kit (cat. no. 4368814, Thermo Fisher Scientific, Inc.) according
to the manufacturer's instruction. qPCR was performed
using PowerUp SYBR Green Master Mix (cat. no. A25918;
Thermo Fisher Scientific, Inc.) and an ABI 7500 system
(Applied Biosystems; Thermo Fisher Scientific, Inc.) and
the following thermocycling conditions: 95°C for 10 min,
40 cycles of 95°C for 30 sec, 55°C for 30 sec and 72°C for
1 min. The following primers were used for gPCR: CDK6
forward, 5'-GCTGACCAGCAGTACGAATG-3" and reverse,
5'-GCACACATCAAACAACCTGACC-3"; AKT forward,
5'-AGCGACGTGGCTATTGTGAAG-3' and reverse, 5'-GCC
ATCATTCTTGAGGAGGAAGT-3"; -actin forward, 5'-CAT
GTACGTTGCTATCCAGGC-3' and reverse, 5'-CTCCTT
AATGTCACGCACGAT-3". mRNA expression levels were
quantified using the 2*2“ method (19) and normalized to the
internal reference gene [3-actin.

High-content screening (HCS)-based functional assay.
The numbers of cells of HGC-27 following CDK6 knock-
down or inhibition were observed for 4 days using an
ImageXpress®Micro XLS High-Content Screening (HCS)
system (Molecular Devices, LLC), according to the manu-
facturer's protocols. Briefly, at 24 h post-transfection, cells
were plated in 96-well plates and imaged every 24 h. Then the
images were analyzed using MetaXpress software (version 3.1;
Molecular Devices, LLC).

Migration and invasion. Transwell permeable plates with
8 um pores (Corning Life Sciences) was used for analyzing
cell migration and invasion. For measuring migration ability,
cells (5x10°) were suspended and plated into upper chamber
(8 um pore size; Corning Life Sciences). For measuring inva-
sion ability, cells (5x10%) suspended in serum-free DMEM
were plated into the upper chamber (8 ym pore size; Corning
Life Sciences), which was precoated with Matrigel at room
temperature for 4 h (Sigma-Aldrich; Merck KGaA). The low
chamber contained 500 pl of serum-free DMEM medium

supplemented with 1% FBS. To the upper chamber, 1x10* cells
were added suspended in serum-free medium. After 24 h the
cells in the chamber were fixed with 4% paraformaldehyde at
room temperature for 10 min and stained with 0.25% crystal
violet (Sigma-Aldrich; Merck KGaA) at room temperature
for 30 min. Migratory and invading cells were visualized
using an X71 (U-RFL-T) fluorescence microscope (Olympus
Corporation; magnification, x40).

Statistical analysis. All experiments in the present study were
repeat three times independently. An unpaired Student's t-test
or one-way ANOVA followed by Tukey's post hoc test was
used to compare two or multiple groups, respectively. All data
in this study was presented as the mean + standard deviation.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Association between potential hyperthermic-responding
proteins and gastric cancer. As tumor cells demonstrate
significantly more sensitivity to hyperthermia (11,12), the
present study aimed to investigate the potential associa-
tion between hyperthermic responding proteins and gastric
cancer. According to a previous study (20), mRNA levels of
KIF11, CDK6, STAG2, NEK2 and KPNA4 are stimulated by
hyperthermic incubation in cancer cells. Thus, the present
study investigated their expression levels in gastric cancer
samples by employing GEPIA to analyze RNA sequencing
data in TCGA. In GEPIA, the expression levels of these five
genes was analyzed in cancer samples (n=407) compared
with adjacent non-tumor samples (n=211). In general, the five
genes presented higher expression levels in cancer samples
compared with adjacent non-tumor samples (Fig. 1A). To
confirm whether the high expression of these genes existed in
gastric cancer cell lines, gastric cancer cell lines SH-10-TC,
HGC-27 were used. Compared with human gastric epithelial
cells GES-1, protein levels of KIF11, CDK6, STAG2, NEK2
and KPNA4 were significantly higher in gastric cancer cell
lines (Fig. 1B and C). These data indicated that KIF11,
CDK6, STAG2, NEK?2 and KPNA4 were potentially involved
in gastric cancer progression and involved in regulating
hyperthermic response.

CDK6 may protect gastric cancer cells from hyperthermic-
induced apoptotic cell death. To further investigate the
role of hyperthermic responding protein in hyperthermia
treatment, instead of overexpression due to high endogenous
level, KIF11, CDK6, STAG2, NEK2 and KPNA4 were
knocked down by transfecting specific siRNAs (Fig. 2A).
Cells were pretreated at 37°C or 42°C for 2 h and incubated
under 37°C for another 24 h, followed by apoptotic analysis
using Annexin V-FITC/PI double staining. As shown in
Fig. 2B and C, 2-h pretreatment of hyperthermia induced
cell apoptosis and knockdown of both KIFI1 and CDK6
significantly increased apoptotic induction of hyperthermia.
Knockdown of the other three proteins, STAG2, NEK?2 and
KPNAA4, failed to notably affect apoptosis induced by hyper-
thermic pretreatment, indicating that KIF11 and CDK6 may
be critical for regulating hyperthermic-induced cell death.
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Figure 1. Expression levels of KIF11, CDK6, STAG2, NEK2 and KPNA4 in gastric cancer samples and cell lines. (A) the GEPIA database revealed that KIF11,
CDK6, STAG2, NEK2 and KPNA4 expression levels were significantly upregulated in gastric cancer tissues (n=407) compared with adjacent tissues (n=211).
(B) Western blot analysis was performed to detect relative protein levels of KIF11, CDK6, STAG2, NEK2 and KPNA4 in gastric cancer cell lines SH-10-TC
and HGC-27, compared with gastric epithelial cell line GES-1. (C) Relative protein levels of KIF11, CDK6, STAG2, NEK2 and KPNA4 in gastric cancer cell
lines SH-10-TC and HGC-27 were normalized to B-actin. "P<0.05, vs. GES-1 group. KIF11, kinesin family member 11; CDK®6, cyclin-dependent kinase 6;
STAG2, stromal antigen 2; NEK2, NIM A-related kinase 2; KPNA4, karyopherin subunit o 4; GEPIA Gene Expression Profiling Interactive Analysis.
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Figure 2.Regulation of KIF11,CDK6,STAG2,NEK?2 and KPNA4 on hyperthermic-induced apoptosis in HGC-27 cells. (A) At48 h following siRNA transfection,
protein levels of KIF11, CDK6, STAG2, NEK?2 and KPNA4 were analyzed by western blotting to confirm the knockdown efficacy. (B and C) Following 2 h
pre-incubation at 37°C or 42°C, cell apoptosis was analyzed by performing Annexin V-FITC/PI double staining followed by follow cytometric analysis.
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Figure 3. CDKG6 is transcriptionally induced by hyperthermia and exerts pro-survival effect on HGC-27 cells. (A) Reverse transcription-quantitative PCR was
performed to detect CDK6 mRNA levels following 0, 6, 12 h of hyperthermia treatment. "P<0.05 vs. 37°C for 2/6 h extra incubation; “P<0.05, vs. 37°C for 2/12 h
extra incubation. (B) Western blotting was performed to detect CDK6 protein following 0, 12 and 24 h of hyperthermia treatment. "P<0.05 vs. 37°C for 12 h
group’P<0.05, vs. 37°C for 24 h group. (C) Following CDK6 knockdown or inhibition by adding Palbociclib, the apoptosis rate was measured by performing
Annexin-FICT/PI double staining. "P<0.05 vs. siNC/37°C for 2 h group; "P<0.05, vs. siNC/42°C for 2 h group; “P<0.05 vs. mock/42°C for 2 h group. (D) The
effect of CDK6 knockdown or inhibition on cell cycle distribution without hyperthermia treatment was measured by performing PI staining followed by
flow cytometry analysis. "P<0.05 vs. siNC group; “P<0.05 vs. mock group. CDKG6, cyclin-dependent kinase 6; PI, propidium iodide; si, short interfering; NC,

negative control.

Markedly, knockdown of KIF11 promoted apoptotic cell
death under 37°C, indicating that its effect on apoptosis may
not be related to hyperthermia treatment and thus the present
study focused on CDK6.

CDKG6 is induced by hyperthermia treatment and exerts
a pro-survival effect with hyperthermia. To examine the
expression level of CDK6 in HCG-27 cells under hyper-
thermia, RT-qPCR was performed to detect CDK6 mRNA
after 0, 6 and 12 h and western blot analysis was performed
to detect CKD6 protein after 0, 12 and 24 h. As shown in
Fig. 3A and B, hyperthermia significantly increased CDK6
transcriptionally at 6 and 12 h time points following 2-h
hyperthermia treatment and an increasing trend in protein
level was also observed after 12 and 24 h. Palbociclib, a CDK6
inhibitor against its phosphorylating activity, was employed to
access the effect of CDK6 on the regulation of cell behavior

under hyperthermia. As shown in Fig. 3C, CDK6 knock-
down and inhibition increased apoptotic cell death under
hyperthermia, demonstrating that CDK6 protects cells from
hyperthermic-induced apoptosis, at least partly, depending on
its phosphorylation activity. To investigate its critical effect
on cell cycle processes, cell cycle distribution was analyzed
following CDKG6 knockdown or inhibition. CDK6 knockdown
and inhibition both blocked cell cycle at G,/G, (Fig. 3D).

To further examine the effect of CDK6 on proliferation,
HSC-based cell viability assay was performed. As shown in
Fig. 4A and B, the presence of CDK6 and activity of CDK6
are critical for maintaining proliferation in HGC-27 cells.
Whether CDKG6 affected other malignant behaviors, including
migration and invasion was also assessed. When incubated in
serum-free medium, CDKG6 failed to affect cell proliferation
(Fig. 4C), indicating that CDK6 mainly regulated HGC-27 via
its regulatory role in proliferation.
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Hyperthermia suppresses expression and phosphorylation of
protein kinase B (AKT) and can increase CDKG6 transcription-
ally. To investigate how CDK6 was regulated by hyperthermia
in cancer cells, the potential role of serine/threonine kinase
AKT, which is reported to transcriptionally inhibit CDK6 in
breast cancer cells (21) and be inhibited by hyperthermia (22)
was examined. An AKT inhibitor, MK2206, which inhibits
phosphorylation of AKT at Ser473 and Thr308, was used
to assess the regulation of AKT on CDK6. As shown in
Fig. 5A, 42°C treatment and addition of MK?2206 significantly
decreased AKT protein level. AKT phosphorylation at Ser473
and Thr308 increased CDK6 protein level (Fig. 5A), which
indicated that AKT activity inhibited by hyperthermia may be
acritical regulator of CDK®6. To assess whether AKT transcrip-
tionally regulated CDK6, RT-qPCR was performed following
hyperthermia treatment or the addition of MK?2206 and it was
found that the expression level of AKT was negatively associ-
ated with CDK®6, confirming its transcriptional regulation on
CDKG6 (Fig. 5B).

Discussion

The present study identified that CDK6 was highly expressed
in gastric cancer cells compared with gastric epithelial cells
and is further overexpressed in response to hyperthermia.
Notably, CDK6 was upregulated in gastric cancer patient
tissues and in gastric cancer cell lines. When CDK6 expres-
sion was downregulated, increased cell apoptosis induced
by hyperthermia treatment and an inhibitory effect on cell
proliferation via blockade of the cell cycle at the G, phase was
observed, but there were no effects on migration or invasion.
It was further observed that hyperthermia treatment inhibited
AKT expression and phosphorylation, which may be critical
for the upregulation of CDKG6.

In global gene expression affected by heat shock-induced
change, KIF11, CDK6, PAGE2, NEK2 and KPNA4 are
reported to be markedly changed in the regulation of apoptosis,
the cell cycle and cell structure and/or maintenance (15,16).
Their relative expression, as measured from TCGA database,
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Figure 5. CDKG6 is potentially stimulated by AKT inhibition induced by hyperthermia treatment. (A) Following hyperthermia treatment or addition of AKT
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AKT inhibitor, MK2206. "P<0.05 vs. 37°C group. CDK®6, cyclin-dependent kinase 6; AKT, protein kinase B; p-, phosphorylated.

showed no association between clinicopathological features
,.due to the lack of online data. In further investigation, it is
hoped to perform these analyses.

The cell cycle kinase CDKG6 has been recognized as not
only functioning as a typical cyclin-dependent kinase but also
acting as a transcriptional regulator with distinct properties
from its close homologue CDK4 (23,24). As a transcriptional
regulator, CDK6 controls the transcription of numerous
genes in both a kinase activity-dependent and -independent
manner (25) and regulates malignant behaviors in several
types of cancers (21,26,27). Scheicher et al (28) reported that
in leukemic stem cells, CDKG6 transcriptionally regulates Egrl,
a critical factor for hematopoietic stem cell and leukemic stem
cell activation and thus results in leukemia tumorigenesis. It
has also been reported that CDK6 physically interacts with
forkhead box O3 (FOXO3) and thus stabilizes it to cause resis-
tance of epithelial ovarian cancer cells to platinum-induced
cell death (27). CDKG is also found to exert critical regulatory
roles in tumorigenesis by acting as a kinase and antagonizing
the p53-induced antitumor response (26). Taken together,
these findings show that CDK®6 is intricately involved in
tumor regulation, indicating its potential role in regulating
hyperthermia-induced cell damage.

In addition to determining the effect of CDK6 on malignant
behaviors, the effect of CDK6 on hyperthermia-induced cell
apoptosis was investigated. The presence of CDKG6 inhibited
hyperthermia-induced cell apoptosis and hyperthermia treat-
ment significantly upregulated CDKG6 protein levels. These
findings indicated that upregulation of CDKG6 in gastric cancer
tissues compared with adjacent tissues could predict poor
prognosis due to potential insensitivity to hyperthermia and
chemotherapy, supporting the idea that CDK6 could represent
a viable therapeutic target.

In breast cancer cells, the CDK6 promoter is transcrip-
tionally regulated by the FOXO3/bromodomain-containing
protein 4 complex, which is phosphorylated and activated
by AKT (21). The addition of the AKT inhibitor MK2206
transcriptionally stimulated CDK6 expression. In the present
study, the addition of MK2206 and siRNA-mediated AKT
knockdown in HGC-27 cells significantly increased CDK6
mRNA and protein levels, which is consistent with previous
findings (21). Narikawa et al (22) reported that hyperthermia
treatment suppresses AKT signaling by decreasing its protein
level and phosphorylation. The hypothesis of the present study
was that hyperthermia may upregulate CDK6 by causing
AKT suppression. HGC27 is an unique gastric cancer cell
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line derived from lymph node metastasis, therefore the results
should be validated by further investigation in other cell lines.

In conclusion, the associations between the expression of
several genes and sensitivity to hyperthermia in gastric cancer
cells has been detailed. The analyses of the present study
revealed that CDKG6 had a role in promoting cell proliferation
and in preventing hyperthermia-induced cell apoptosis in
gastric cancer cells. It is hypothesized that CDK6 was upregu-
lated in gastric cancer cells and promoted both malignancy
and resistance to hyperthermia, which are known to promote
the development and progression of cancer as well as failure
of therapy. The present findings support the hypothesis that
CDKG6 is a potential therapeutic target in the treatment of
gastric cancer.
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