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Hyperthermia exposure induces apoptosis and inhibits
proliferation in HCT116 cells by upregulating miR-34a
and causing transcriptional activation of p53
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Abstract. Hyperthermia, as an anticancer therapeutic strategy,
presents notable advantages in conjunction with irradiation
and/or chemotherapy in the treatment of cancer by promoting
apoptosis and inhibiting proliferation. A number of studies
have documented that hyperthermia inhibits cancer progres-
sion through transcriptional activation of p53, which promotes
cell cycle arrest and apoptosis. However, the underlying
molecular mechanisms of hyperthermia-regulated apoptosis
and proliferation dependent on p53 remain largely unknown.
To investigate the effects and molecular mechanism of
hyperthermia on the apoptosis and proliferation of colorectal
carcinoma (CRC) HCT116 cells, the present study assessed
cell apoptosis and proliferation following exposure to hyper-
thermia (42°C for 2-4 h). The results indicated that, compared
with the control group at 0 h, hyperthermia exposure for 2 and
4 h induced the apoptosis of HCT116 cells (P<0.05), inhibited
cell proliferation by causing cell cycle arrest at G1/GO phase
(P<0.05), and significantly increased microRNA (miR)-34a
expression (P<0.05), but not miR-34b, miR-34c, miR-215 and
miR-504 expression. The transcriptional activity of p53 on
its consensus sequence and downstream target genes, namely
p21, B cell lymphoma 2-associated X protein, mouse double
minute 2 homolog, p53 upregulated modulator of apoptosis
and growth arrest and DNA-damage-inducible 45a, was
subsequently detected. The data indicated significantly higher
transcriptional activity of p53 following hyperthermia expo-
sure for 2 and 4 h (P<0.05), and these observations were similar
to the effects of transfection with miR-34a mimics in HCT116
cells. Furthermore, transfection with miR-34a antagomiR
supressed hyperthermia-induced apoptosis and promoted
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cell cycle progression following hyperthermia exposure when
compared with transfection controls (P<0.05). Collectively,
these findings indicate that miR-34a may serve an important
role in hyperthermia-regulated apoptosis and proliferation in
HCT116 cells by influencing the transcriptional activity of p53.

Introduction

Colorectal cancer (CRC) is the second leading cause of
cancer-related mortality in Asia, and is classified as a terminal
illness due to its relatively high rates of chemoresistance and
hepatic metastasis (1). To overcome these problems, novel
strategies in addition to primary treatments for colorectal
cancer have been investigated (2). At present, primary treat-
ment for CRC involves complete surgical removal of the
primary tumor and regional lymph nodes (3). The prognosis
of patients with CRC is dependent on tumor stage and grade;
however, as resection is typically performed in late stage CRC
for 30-40% of cases, the prognosis is generally poor (4).
Hyperthermia exposure above temperatures that are
physiologically optimal affects numerous biological
processes in cells and tissues, including proliferation, migra-
tion, invasion and apoptosis, by modifying the physical
properties of cellular components to induce negative cellular
responses (5). Hyperthermia is typically studied in combina-
tion with chemotherapy drugs. Fatkowska-Podstawka and
Wernicki (6) have reported that hyperthermia exposure dena-
tures proteins and induces DNA and RNA damage, which
interrupts vital cellular processes and promotes apoptosis.
Kim er al (7) identified a potential mechanism of apoptotic
induction following hyperthermia exposure that involved
activation of tumor necrosis factor-related apoptosis-inducing
ligand. Additionally, Kalamida er al (8) reported that hyper-
thermia not only potently induced apoptosis by activating
caspase-9, but also exerted a universal suppressive effect
on cancer cell proliferation and reversed chemoresistance
caused by chemoagent treatment. The potential mechanisms
regarding inhibited proliferation are considered to involve
the suppression of tumor cell replication and metabolism. For
instance, in the renal cell carcinoma (RCC) cell line 786-0,
hyperthermia exposure suppressed Ku80 expression and
lead to G2/M phase cell cycle arrest, which may represent a
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potential mechanism of hyperthermia-mediated suppression
of proliferation (9).

The cellular response to hyperthermia has been widely
studied, though the role of microRNA (miRNA/miR) in
hyperthermia remains largely unknown. A number of miRNAs
have been demonstrated to be thermally responsive (10,11).
Due to the numerous functions of miRNAs, studies into the
miRNA profile associated with hyperthermia are necessary.
Notably, hyperthermic miRNAs may be mediators of some
of the biological and/or therapeutic properties of hyper-
thermia (12).

The gene for p53 (TP53) is mutated in 50% of human
cancers, including CRC (13). p53 is among the most well-estab-
lished cancer inhibitors, and regulates cell cycle arrest, DNA
repair and apoptosis (14). The effect of hyperthermia on p53
expression indicates an involvement of p53 in hyperthermic
inhibition of tumor growth (15). Furthermore, hyperthermia
exposure activated pS3 and caused the activation of cell cycle
checkpoints (16). They also reported that, in human liver carci-
noma HepG2 cells expressing wild type p53, hyperthermia
caused DNA damage response-induced G2/M arrest through
activated pS3 and ATM/ATR, which was followed by apop-
tosis, while this was not observed in Huh7 cells expressing
mutant p53 (16). These results indicate a critical role of p53 in
the cellular effects of hyperthermia.

Multiple miRNAs, including miR-215, miR-504, and
miR-34a, b and c, may be transcriptionally activated by
p53 (17). Furthermore, the miR-34a has also been reported to
serve a critical regulatory role in the posttranscriptional func-
tions of p53 (18). Thus, it may be hypothesized that feedback
regulation exists between miR-34 and p53.

In the present study, it was determined whether hyper-
thermia could induce apoptosis and cell cycle arrest in the
CRC cell line HCT116, and the involvement of p53 was inves-
tigated. The potential regulatory effects of microRNA-34a
in the p53-dependent hyperthermic response were also
assessed.

Materials and methods

Cell culture and treatment. Human colorectal cancer HCT116
and TP53-/- HCT116 cells (HCT116™>) cells were purchased
from the American Type Culture Collection (Manassas, VA,
USA). The cells were maintained in Dulbecco's modified
Eagle's medium (Thermo Fisher Scientific, Inc., Waltham,
MA, USA), supplemented with 10% heat-inactivated fetal
bovine serum (FBS, Gibco; Thermo Fisher Scientific, Inc.) at
37°C and 5% CO,. The medium was replenished every 3 days
and when the cells reached 80-90% confluence, they were
suspended with 0.25% trypsin (Gibco; Thermo Scientific, Inc.)
and used in experiments.

In a hyperthermia exposure group (HYP), 5x10%/well
HCT116 cells seeded in 12-well plates were incubated in
DMEM medium supplemented with 10% FBS (Gibco; Thermo
Fisher Scientific, Inc.) in an incubator (Forma Series II 3110;
Thermo Fisher Scientific, Inc.) preheated to 42°C for 0, 2 and
4 h. Additionally, a HYP group of HCT116™" cells was
subjected to hyperthermia for 2 h. Control groups (CTL)
of each cell line were incubated at 37°C for the same time
periods. Following hyperthermia exposure, the cells were
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incubated at 37°C for the indicated time periods (2 and 4 h)
prior to analysis.

Transfection with microRNA mimics. Oligofectamine reagent
(Thermo Fisher Scientific,Inc.), miR-34a (cat.no. C-300551-07,
GE Healthcare Dharmacon, Inc., Lafayette, CO,USA), b (Assay
ID, PM10743; cat. no. AM17100) and ¢ (Assay ID, AM12342;
cat. no. AM17000), scrambled mimics (cat. no. 4464058), and
antago-scrambled (cat. no. 4464076) and antago-miR-34a
miRNAs (Assay ID, MH11030; cat. no. 4464084) (all Thermo
Fisher Scientific, Inc.) were employed following the manufac-
turer's protocol. To detect the effect of miR-34a, b or ¢ on the
transcriptional activity of p53, miR-34a, b or c, or negative
control scrambled mimics were transfected into HCT116 cells.
To detect the effects of miR-34a on apoptosis and cell cycle
distribution, antago-miR-34a or antago-scrambled miRNAs
were transfected into HCT116 cells. Briefly, 5x10° cells/well
were plated in a 6-well plate (Corning Incorporate, Corning,
NY, USA) for 16 h. A total of 200 nM microRNA mimics was
transfected transiently into cells. Flow cytometry and lucif-
erase reporter assay experiments were performed 24 h after
transfection. Western blotting and reverse transcription-quan-
titative polymerase chain reaction (RT-qPCR) analysis were
performed 48 h after transfection.

Annexin V-fluorescein isothiocyanate (FITC)/propidium
iodide (PI) double staining and flow cytometry analysis. The
HCT116 cells were subjected to hyperthermia or normothermia
as above for 0-4 h. Subsequently, an annexin V-FITC/PI double
staining assay was performed according to the manufacturer's
protocol of an Annexin V-FITC/PI apoptosis detection kit
(Thermo Fisher Scientific, Inc.). In brief, ~5x10° cells were
harvested, washed with chilled PBS and resuspended in
binding buffer containing 5 1 Annexin V-FITC for 10 min
in the dark at room temperature, after which the binding
buffer was removed by centrifugation at 1,000 x g at 4°C for
10 min. The cells were then resuspended in reaction buffer
containing 5 ul PI, and flow cytometry analysis was immedi-
ately performed to detect apoptosis using a three laser Navios
flow cytometer (Beckman Coulter, Inc., Brea, CA, USA)
according the manufacturer's protocol and FlowJo software
(version 7.6.3; FlowJo LLC, Ashland, OR, USA) software.

Cell cycle analysis. The cells (1x10°) were washed with ice-cold
PBS, collected and fixed in 70% ice-cold ethanol overnight at
4°C and incubated with with 5 yg/ml PI Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany) at 37°C for 10 min, subsequently
cell cycle analyses were performed using a three laser Navios
flow cytometer according the manufacturer's protocol and
FlowJo software (version 7.6.3). The proportion of cells in
GO0/Gl, S, and G2/M phases was measured.

Luciferase reporter assays. A pGL3 firefly luciferase reporter
plasmid containing the p53 consensus binding sequence
(pGL3-P53BS, 5'-TACAGAACATGTCTAAGCATGCTG
GGGACT-3' 30 mer) (19). A control pGL3-basic vector and a
Renilla luciferase internal control plasmid, pRL-SV40, were
purchased from Promega Corporation (Madison, WI, USA).
A total of 1x10° cells in each group were cultured in 24-well
plates in DMEM containing 10% FBS at 37°C overnight. The
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cells were cotransfected with pRL-SV40 and pGL3-P53BS
or pGL3-basic using Lipofectamine® 2000 (Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocol. The
cells were harvested 24 and 48 h after transfection and cell
lysates were analysed for firefly and renilla luciferase activity
using a Dual-Luciferase® Reporter Assay System (Promega
Corporation), according to the manufacturer's protocol, and a
microplate reader (Synergy 2 Multi-Mode Microplate Reader;
BioTek Instruments, Inc., Winooski, VT, USA). Data were
presented as a fold induction in luciferase activity compared
with the pGL3-basic vector. Three independent transfection
experiments were performed in triplicate for each experi-
mental construct.

Western blot analysis. Cells were subjected to hyperthermia or
normothermia as above. The cells were then harvested, washed
twice with 1 ml chilled PBS, and lysed with total protein lysis
buffer (Guangzhou RiboBio Co., Ltd., Guangzhou, China).
Total protein (50 ug) measured by bicinchoninic acid assay
kit (Sigma-Aldrich; Merck KGaA) was mixed with 10 ul 5X
SDS loading buffer and incubated for 10 min at 100°C, and
then 50 ug total protein was separated by 12% SDS-PAGE and
transferred to polyvinylidene fluoride (PVDF) membranes.
After transferring, 5% bovine serum albumin (Sigma-Aldrich;
Merck KGaA) in PBS was employed as a blocking solution
to block unspecific sites on the PVDF membranes at room
temperature for 30 min. Western blotting was performed with
anti-f-actin antibody at 1:5,000 dilution (cat. no. mAbcam
8226; Abcam, Cambridge, UK), anti-pro caspase 3 antibody
at 1:1,000 dilution (cat. no. ab32150; Abcam) and anti-active
caspase 3 antibody at 1:1,000 dilution (cat. no. ab32042;
Abcam) at room temperature for 2 h. A horseradish peroxi-
dase-conjugated anti-rabbit immunoglobulin G antibody at
1:5,000 dilution (cat. no. ab6721; Abcam) was used as the
secondary antibody at room temperature for 1 h. B-actin was
used as the internal reference. Protein signals were detected
using enhanced chemiluminescence reagents (Thermo Fisher
Scientific, Inc.).

RT-gPCR analysis. Total RNA was extracted from the
HCT116 and HCT116™% cells exposed to hyperthermia or
normothermia for 2 h using TRIzol reagent (Thermo Fisher
Scientific, Inc.), according to the manual. Following RNA
isolation, the concentration of purified RNA was determined
with a UV spectrophotometer (Thermo Fisher Scientific,
Inc.). cDNA was reverse transcribed from the extracted total
RNA using a Reverse Transcriptase kit (Guangzhou RiboBio
Co., Ltd.). To analyse miRNA levels, RT was performed
with specific miRNA stem-loop primers for miR-34a (assay
ID, 478047_mir), miR-34b (assay ID, 478050_mir), miR-34c
(assay ID, 478052 _mir), miR-215 (assay ID, 478516_mir)
and miR-504 (assay ID, 478956_mir) (all Thermo Fisher
Scientific, Inc.). The PCR was performed using Taqgman®
Universal PCR Master mix kit (Thermo Fisher Scientific,
Inc.) and the ABI7500 system (Applied Biosystems; Thermo
Fisher Scientific, Inc.) under the following conditions: 95°C for
10 min, then 60 cycles of 95°C for 15 sec and 60°C for 1 min.
The levels of miRNA were measured using the primer-probes
from the Tagman microRNA Assay system (cat. no. A25576;
Applied Biosystems; Thermo Fisher Scientific, Inc.) according
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to the manufacturer's protocol. U6 small nuclear RNA (Assay
1D, 001973; cat. no. 4427975; Thermo Fisher Scientific, Inc.),
provided by the Tagman microRNA Assay system, was used
for normalization.

To analyze mRNA levels, a SYBR-Green Master Mix
(Thermo Fisher Scientific, Inc.) was used in the ABI7500
system under the following conditions: 95°C for 10 min, then
60 cycles of 95°C for 15 sec and 60°C for 1 min The specific
primers used were as follows: For Forlow, forward, 5'-CAT
GTACGTTGCTATCCAGGC-3' and reverse, 5'-CTCCTT
AATGTCACGCACGAT-3"; for p21, forward, 5-TGTCCG
TCAGAACCCATGC-3" and reverse, 5-AAAGTCGAAGTT
CCATCGCTC-3'; for B cell lymphoma 2-associated X protein
(BAX), forward, 5'-CCCGAGAGGTCTTTTTCCGAG-3'
and reverse, 5'-CCAGCCCATGATGGTTCTGAT-3"; for
mouse double minute 2 homolog (MDM?2), forward, 5'-ACG
ACAAAGAAAACGCCACA-3' and reverse, 5'-CTCTCC
CCTGCCTGATACAC-3'; for p53 upregulated modulator
of apoptosis (PUMA), forward, 5-GCCAGATTTGTGAGA
CAAGAGG-3' and reverse, 5-CAGGCACCTAATTGGGCT
C-3'; and for growth arrest and DNA-damage-inducible 45a
(GADDA45A), forward, 5'-GAGAGCAGAAGACCGAAA
GGA-3' and reverse, 5'-CACAACACCACGTTATCGGG-3".
B-actin mRNA expression was used to normalize the mRNA
levels. All data was calculated using the comparative threshold
cycle (2°44€9) method (20).

Statistical analysis. All data were analyzed for statistical
significance using SPSS 13.0 software (SPSS, Inc., Chicago,
IL, USA). Data were expressed as the mean + standard
deviation from at least 3 independent experiments performed
in duplicate. Statistical comparisons of the results were
performed using one-way analysis of variance followed by a
Tukey's post hoc test. P<0.05 was considered to indicate statis-
tical significance.

Results

Effects of hyperthermia on cell cycling and apoptosis in
HCTI116 cells. To assess whether hyperthermia induced cell
cycle arrest and apoptosis in HCT116 cells, the cells were
maintained at 37°C (CTL group) or 42°C (HYP group) for
three time intervals (0, 2 and 4 h), respectively. The cells were
then analyzed by flow cytometry to determine the rate of
apoptosis and percentages of different cell phases. As depicted
in Fig. 1A and B, no significant change in the rate of cell
apoptosis was observed in the CTL group following incuba-
tion at 37°C for the different time intervals. By contrast, the
percentages of apoptotic cells in the HYP group significantly
increased following incubation at 42°C for 2 and 4 h (P<0.05
vs. 0 h HYP group; Fig. 1A and B). To verify that this eleva-
tion in apoptosis was caused by hyperthermia exposure, the
levels of cleaved caspase-3 were assessed by western blotting.
As depicted in Fig. 1C, it was observed that hyperthermia
exposure increased the levels of cleaved caspase-3 over time.
Additionally, the results of cell cycle analysis demonstrated
that the percentages of G1/G0O-phase cells in the HYP group
significantly increased, while those of G2/M-phase cells
significantly decreased, following hyperthermia exposure for
2 and 4 h (P<0.05; Fig. 1D). These results demonstrated that
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Figure 1. Hyperthermia exposure promotes apoptosis and induces cell cycle arrest in HCT116 cells. (A) Detection of apoptosis following hyperthermia
exposure by Annexin V-FITC/PI staining and flow cytometry analysis. (B) Percentages of apoptotic cells. (C) Western blot analysis of active caspase-3 in
hyperthermia-exposed cells. (D) Cell cycle analysis by PI staining followed by flow cytometry. "P<0.05 vs. 0 h HYP group. HYP, hyperthermia; CTL, control;

FITC, fluorescein isothiocyanate; PI, propidium iodide.

hyperthermia significantly induced apoptosis and cell cycle
arrest in the HCT116 cells.

Hyperthermia exposure upregulates miR-34a and activates
p53 transcriptional activity. To investigate whether hyper-
thermia could affect the expression of microRNAs potentially
involved in a p53-miRNA feedback loop, the HCT116 cells
incubated at 37 or 42°C for 2 h were subjected to RT-qPCR

to evaluate the expression of miR-34a, miR-34b, miR-34c,
miR-215 and miR-504. The results of RT-qPCR indicated that
the levels of miR-34b, miR-34¢, miR-215 and miR-504 did not
differ significantly in the CTL or HYP groups over the 4 h
incubation period (data not shown). By contrast, significant
upregulation of miR-34a was identified in the HYP group
after 2 and 4 h of hyperthermia (P<0.05; Fig. 2). Notably,
compared with the CTL group, the expression of miR-34a was
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miR, microRNA.

increased by 2.5 or 2.9 fold after hyperthermia exposure for 2
or 4 h, respectively, suggesting that miR-34a expression was
increased by hyperthermia.

To assess the effects of the hyperthermia-induced miR-34a
upregulation on p53 expression, RT-qPCR was performed
to evaluate the effect of miR-34a overexpression on the
downstream target genes transcriptionally activated by p53,
including p21, BAX, MDM2, PUMA and GADDA45A (21).
Compared with the CTL group, hyperthermia exposure for 2 h
significantly promoted the expression of miR-34a (P<0.05),
and as expected, this upregulation in miR-34a caused signifi-
cant increases in the expression of all target genes assessed
(P<0.05; Fig. 3A). To determine whether this increased gene
expression was dependent on the presence of the p53 protein,
the PCR assay was repeated in HCT116™% cells following
hyperthermia exposure. Similar to the HCT116 cells, the
HCT116™" cells exhibited a significant upregulation in
miR-34a following hypothermia exposure (P<0.05). However,
hyperthermia exposure failed to affect the expression of
p21, BAX, MDM2 and GADD45A in the HCT116™%" cells
(Fig. 3B). Interestingly, upregulated PUMA mRNA was still
observed in the HCT116™3 cells, as in the HCT116 cells,
following hypothermia exposure (P<0.05). Luciferase reporter
assays were subsequently performed in the HCT116 cells to
assess whether hyperthermia-induced miR-34a expression
enhanced the promoter activity of the p53 consensus binding
sequence within a pGL3-P53BS vector. As depicted in
Fig. 3C, hyperthermia exposure increased luciferase activity
compared with CTL group over time (P<0.05 vs. 0 h HYP).

The transfection of miR-34a and miR-34b by 3.5 and 2.7 fold,
respectively, significantly increased luciferase activity, which
confirmed the induction of luciferase activity by overexpres-
sion of miR-34a and miR-34b (Fig. 3D, P<0.05 vs. Scrambled
mimics). No significant difference was observed in luciferase
activity following transfection with miR-34b or miR-34c
mimics.

Hyperthermia promotes apoptosis partially through upregu-
lating miR-34a in HCTII16 cells. To determine whether
hyperthermiainduced apoptosis and cell cycle arrestin HCT116
cells by stimulating miR-34a expression, antago-miR-34a was
transfected into HCT116 cells prior to hyperthermia exposure.
At 24 h posttransfection, the cells were exposed to hyper-
thermia. The results indicated that, in the HCT116 cells, the
introduction of antago-miR-34a decreased the elevated rate
of apoptosis induced by hyperthermia exposure after 2 and
4 h, relative to the antago-scrambled group at the same time
points (P<0.05; Fig. 4A). Upon determining the effect on cell
proliferation, as expected, the introduction of antago-miR-34a
decreased the percentage of G1/GO-phase cells and increased
the percentage of G2/M-phase cells following hyperthermia
exposure for 4 h (P<0.05 vs. antago-scrambled group; Fig. 4B).

Collectively, the present results indicate that hyperthermia
exposure enhances apoptosis and cell cycle arrest at least in
part through the upregulation of miR-34a, which may thus
activate the transcriptional activity of p53 in HCT116 cells;
however, the exact mechanisms underlying the upregulation of
miR-34a remain to be elucidated.
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Discussion

In addition to surgery, chemotherapy, radiation and biological
therapy, hyperthermia has become a leading strategy for the
treatment of cancer, and is a key part of multidisciplinary
therapy (9). In RCC, hyperthermia is accepted as an alternative
method to surgery in certain patients who are not suitable as
surgical candidates (22). In CRC, hyperthermia is also used
as an alternative method in selected patients (23). However,
hyperthermia presents a variable success as an anti-cancer
therapy in CRC. While neoplastic cells exhibit relatively

higher sensitivity to hyperthermia than normal cells, multiple
factors cause the variable outcomes due to the cancer cells
also exhibiting differential degrees of sensitivity to hyper-
thermia (24,25). Bordonaro et al (23) reported that, in CRC,
the mutation status of Kirsten rat sarcoma viral oncogene
homolog (KRAS) determined cell sensitivity to hyperthermia,
as cells lacking functional KRAS exhibited sustained hyper-
activation of extracellular signal-regulated kinase signaling
and increased Wingless/integrated-t-catenin signaling. It
has also been observed that mutations in TP53 increase the
resistance of cancer cells to hyperthermia by inactivating the
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apoptosis induced by hyperthermia exposure after 2 and 4 h in HCT116 cells. (B) Antago-miR-34a promoted cell cycle progression from G1 phase following
hyperthermia exposure. “P<0.05. miR, microRNA; HYP, hypothermia; CTL, control.

downstream regulated genes of p53 (26,27). Therefore, under-
standing the mechanisms of hyperthermia-induced apoptosis
and cell cycle arrest in CRC cells may elucidate methods of
promoting the sensitivity of CRC to hyperthermia.

p53 is a transcription factor that modulates the expression
of numerous downstream target genes responsible for directly
and/or indirectly controlling apoptosis, cell cycle arrest,
senescence, DNA repair and genetic stability in response to
various cellular stresses (28), including hyperthermia (29).
It has been reported that hyperthermia exposure promotes
apoptosis depending on the activation status of p53 (26). This
indicates an association of hyperthermia-induced apoptosis
and cell cycle arrest with the downstream gene targets of p53,
which serve critical roles in cell cycle arrest (p21, GADD45A),
apoptotic cell death (PUMA, BAX), and p53 feedback regula-
tion (MDM2) (21).

In the present study, hyperthermia increased the expres-
sion of miR-34a, but not of its family members miR-34b and
miR-34c. It is established that miR-34a serves anti-proliferative
and apoptotic roles by contributing to p53 function, princi-
pally through targeting multiple inhibitors of p53, including
proteins that deacetylate p53 (sirtuin 1, metastasis associated 1
family member 2/histone deacetylase 1) (30-33) and the
negative transcriptional modulator MDM4 (34). The present
data demonstrated that miR-34a expression was induced by
hyperthermia exposure independently of p53, thus indicating
a link in a p53 feedback loop. The results also suggested that
upregulated miR-34a expression following hyperthermia
exposure may have increased the sensitivity of the HCT116
cells to hyperthermia treatment. Surprisingly, overexpres-
sion of miR-34a in HCT116 cells slightly increased apoptotic

sub-population, indicates the potential pro-apoptotic role of
miR-34a. Notably, the G1/G0 phase arrest caused by hyper-
thermia exposure or the introduction of miR-34a indicated a
potential mechanism by which hyperthermia induced apop-
tosis and inhibited proliferation.

In conclusion, the present data demonstrate for the first
time that hyperthermia may upregulate the expression of
miR-34a which may thus cause the transcriptional activation
of p53 to induce apoptosis and cell cycle arrest in G1/GO
phase in HCT116 cells. These results provide novel insight
into hyperthermia cytotoxicity, and may indicate therapeutic
targets regarding hyperthermia sensitivity in CRC.
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