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MicroRNA-145 sensitizes cervical cancer cells to low-dose
irradiation by downregulating OCT4 expression
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Abstract. Poor elucidation of the mechanisms involved in
regulating the radiosensitivity of cancers prevents the exten-
sive application of low-dose radiotherapy in clinical settings.
The present study was conducted to investigate the role of
microRNA-145 (miR-145) in the modulation of cervical cancer
cell radiosensitivity, as well as to identify the underlying target
of miR-145 during this process. Cervical cancer tera cells were
initially exposed to doses of radiation between 1 and 6 Gy
before the assessments of the cell viability and apoptosis rate.
Irradiation at dose of 1 Gy was screened as optimum dose and
used in subsequent experiments. A dual luciferase reporter
assay was performed to demonstrate that octamer-binding
transcription factor 4 (OCT4) is a target of miR-145 in cervical
cancer. Consequently, OCT4 was suggested to be a target of
miR-145, as a dual luciferase vector that was ligated to a frag-
ment corresponding to the predicted target site of miR-145
in OCT4 3'-UTR showed an 83% reduction in fluorescence.
Following exposure to 1 Gy irradiation, tera cells transfected
with miR-145 mimics, which showed downregulation of OCT4
and cyclin D1, had lower cell viability and cell migration rate
and higher apoptosis rate compared to non-transfected cells.
However, the co-transfection of miR-145 mimics and OCT4
expression vector restored OCT4 and cyclin DI expression
levels and made no significant difference in terms of cell
viability, cell migration rate and apoptosis rate. The present
results indicate that miR-145 increases the radiosensitivity
of cervical cancer cells by silencing OCT4, that cyclin D1 is
putatively under the positive regulation of OCT4 and mediates
miR-145 function.
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Introduction

Cervical cancer is highly common in women worldwide,
with an estimated global incidence of 470,000 new cases
each year (1). Currently, radiotherapy remains the most effec-
tive therapeutic method for cervical cancer, particularly for
the patients at an advanced stage, and can achieve relatively
satisfactory outcome in clinical practice (2). However, a range
of side effects are associated with conventional high-dose
radiotherapy, and thus numerous patients ultimately discon-
tinue radiotherapy due to the severe discomfort involved (3,4).
By contrast, low-dose radiotherapy exhibits the advantages
of reduced collateral damage, increased safety and easier
acceptance by patients, and may therefore offer a promising
approach in the field of radiotherapy (5). However, it remains
unclear how to guarantee a satisfactory therapeutic effect
when diminishing the dose of irradiation (6). Sensitizing
cervical cancer cells to irradiation has been proved to be a
viable approach, mainly based on recent molecular biotech-
nology that can modulate corresponding genes to the end of
promoting cancer cell radiosensitivity (7).

MicroRNAs (miRNAs) are a class of non-coding RNAs
that regulate protein expression by inducing mRNA degra-
dation or interfering with translation, and have been shown
to play important role in cancer suppression or carcino-
genesis (8). miR-145 has been verified to be important in
cancer suppression (9). Downregulation of miR-145 has been
widely observed in cervical cancer and several other cancer
types (9,10). Artificially promoting the expression of miR-145
by plasmid transfection shows obvious growth inhibition on
cancer cells (11,12). However, few studies have been published
documenting the role of miR-145 in modulating the radiosen-
sitivity of cancers.

Octamer-binding transcription factor 4 (OCT4) is a
stem-related transcription factor, a group of proteins that
was initially identified as being involved in the self-renewal
and differentiation of embryonic stem cells. However, a large
number of clinical reports suggesting that higher expression
levels of OCT4 may be associated with higher grades of cancer
suggest the function of OCT4 in cancers (13-15). Subsequent
research has shown that OCT4 expression in oral cancer is posi-
tively correlated with cancer cisplatin resistance, invasion and
proliferation (16). OCT4 downregulation via RNA interference
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in head neck squamous cell carcinoma causes an increase in
radiosensitivity and a loss of metastatic potential (17). These
result further indicate the importance of OCT4 contributing to
the development of cancers in a number of ways (18,19).

The aim of the present study was to investigate the role of
miR-145 in the modulation of cervical cancer cell radiosensi-
tivity, using transfection with miR-145 mimics to upregulate
miR-145 in cervical cancer tera cells. Furthermore, we inves-
tigated cell viability, apoptosis rate and migration rate after
these cells were exposed to low-dose irradiation. Our study
and others' (20) have indicated that OCT4 is an important
target of miR-145. Thus, in the present study cervical cancer
tera cells in the round were co-transfected with miR-145
mimics and OCT4 expression vector to determine whether
OCT4 mediated miR-145 function. This study aimed to
provide a theoretical foundation for the modulation of the
radiosensitivity of cervical cancer tera cells during low-dose
radiotherapy.

Materials and methods

Cell lines. The cervical cancer Tera cell line was purchased
from the American Type Culture Collection (Manassas, VA,
USA) and were maintained as exponentially growing mono-
layers in Dulbecco's modified Eagle's medium (Gibco; Thermo
Fisher Scientific, Inc., Grand Island, N'Y, USA) containing 10%
fetal bovine serum (HyClone; GE Healthcare Life Sciences,
Chalfont, UK) in a 37°C incubator with 5% CO,.

Irradiation. Tera cells were trypsinized (Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) and seeded into
six-well plates with ~1.0x10° cells per well. After 48 h of
incubation, the cells were cultured in the medium without fetal
bovine serum and irradiated at dose of 1, 2, 4 or 6 Gy on ice.
Based on our evaluation of cell viability and apoptosis rate
after irradiation, 1 Gy irradiation was selected and performed
in following formal test.

Cell survival ratio assay. A Cell Counting Kit-8 (CCK-8;
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) assay
was used to measure cell survival ratio after irradiation.
0.5x10* cells were seeded in each 96-well plate for 24 h, and
incubated with CCK-8 reagents at a final concentration of 10%
for 1 h. The optical density in each well was determined using
an enzyme immunoassay analyzer at 490 nm.

Flow cytometry method. Apoptosis ratio after irradiation was
analyzed in vitro using a FACS Annexin V assay kit (BD
Biosciences, San Jose, CA, USA) according to the manufac-
turer's instructions. Briefly, the harvested cells were washed
and resuspended in 0.1 M phosphate-buffered saline (PBS).
Next, cells were fixed overnight with 75% cold ethanol, washed
twice with cold PBS, then incubated in PBS buffer containing
50 pg/ml propidium iodide (PI) and 20 xg/ml RNase A for
30 min at 37°C. Next, cells were incubated with 5 1 Annexin
V-FITC in 195 pl binding buffer in the dark for 10 min. PI and
forward light scattering were detected using a FACSCalibur
flow cytometer (BD Biosciences) equipped with the ModFit
LT software package (version 3.2; Verity Software House, Inc.,
Topsham, ME, USA).
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Dual luciferase reporter assay. Dual luciferase vector pRL-TK
was purchased from Promega Corporation (Madison, WI, USA.
An oligonucleotide duplex containing the predicted binding
site of miR-145 (miRNA response element; MRE) present in
the 3'-UTR of OCT4 was inserted into pRL-TK to construct an
miR-145 MRE luciferase reporter (pRL-TK-OCT4 3'-UTR).
This reporter and negative control were then transfected into
tera cells using Lipofectamine 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.), according to the manufacturer's recom-
mendations. Firefly luciferase and Renilla reniformis signals
were measured 48 h after transfection using GloMax 20/20n
luminometer (Promega Corporation).

Transfection treatment. Overexpression of miR-145 in tera cells
was achieved by transfection with miR-145 mimics (GenePh-
arma, Co., Ltd, Shanghai, China) using Lipofectamine 2000
according to the manufacturer's instructions. OCT4 expression
vector, the full-length OCT4-coding sequence was amplified
and cloned into a pEGFP-C1 expression vector (Invitrogen).
Co-transfection of miR-145 mimics and OCT4 expression
vector into tera cells was performed using Lipofectamine 2000.
Total RNA and protein were extracted from tera cells for
subsequent polymerase chain reaction (PCR) and western blot
analyses for detecting the mRNA and protein expression levels
of miR-145 and OCT4.

Reverse transcription-quantitative PCR (RT-gPCR). TRIzol
reagent (Invitrogen) was used to extract total RNA from
tera cells. Reversing transcribed RNA (1 pg) into cDNA
was performed using a MiScript Reverse Transcription Kit
(Bio-Rad Laboratories, Inc., Hercules, CA, USA) according to
the manufacturer's instructions. Gene expression of miR-145
was assessed using a Power SYBR® Green PCR Master
Mix (Applied Biosystems; Thermo Fisher Scientific, Inc.).
The following amplification parameters were used: 95°C for
10 min, followed by 50 cycles of 95°C for 15 sec, 60°C for
1 min, and 95°C for 15 sec. The following primers were used:
miR-145, forward 5'-GTCCTCACGGTCCAGTTT-3' and
reverse 5S"TTTGGCACTAGCACATT-3"; U6, forward 5-CTC
GCTTCGGCAGCACA-3' and reverse 5'-AACGCTTCACGA
ATTTGCGT-3'. The assay was repeated three times, and gene
expression levels were normalized against U6, and calculated
using the 22 method (21). Replacing RNA or ¢cDNA with
equal quantities of deionized water was used as the negative
control.

Western blot analysis. Cells were lysed on ice in lysis buffer
(50 mM Tris-HCI, pH 7.4; 150 mM NaCl; 2 mM EDTA; 1%
NP-40; and 0.1% SDS). A total of 20 ug protein extracted from
cell lysis was separated using 10% SDS-PAGE and transferred
onto a nitrocellulose membrane (Merck Millipore, Billerica,
MA, USA). The membrane was then blocked with 5% bovine
serum albumin (Santa Cruz Biotechnology, Inc., Dallas, TX,
USA) at room temperature for 1 h, and incubated with the
following primary murine monoclonal antibodies at 4°C over-
night: Anti-OCT4 (1:500; sc-9081; Santa Cruz Biotechnology,
Inc.), anti-cyclin D1 (1:500; #2926; Cell Signaling Technology,
Inc., Danvers, MA, USA) and anti-f3-actin (1:500; sc-47778;
Santa Cruz Biotechnology, Inc.). In the following steps,
membrane underwent at least three washes with 0.1 M PBST
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Figure 1. Cell viability of cervical cancer tera cells. (A) Viability of tera cells after exposure to 0, 1, 2, 3 or 4 Gy of irradiation. (B) Before exposure to 1 Gy
irradiation, tera cells were transfected with miR-145 or co-transfected with miR-145 and OCT4 expression vector. The experiment was repeated at least three
times. Each bar represents the mean of three independent experiments. Bars not sharing a common letter differ (P<0.05). Ir, irradiation at dose of 1 Gy;
miR-145, microRNA-145 mimics; OCT4-vector, octamer-binding transcription factor 4 expression vector.

before incubation with horseradish peroxidase-conjugated
secondary antibodies (1:10,000; sc-2004 and sc-2005; Santa
Cruz Biotechnology, Inc.) for 2 h at room temperature. Bands
were detected using an enhanced chemiluminesence detection
kit (Pierce Protein Biology; Thermo Fisher Scientific, Inc.).
Relative quantification was determined with the AlphaView
system (version 3.4.0.729; ProteinSimple, Santa Clara, CA,
USA), using 3-actin as the loading control.

Wound healing assay. Cells were trypsinized and seeded in
equal numbers (1x10° cells/well) into six-well tissue culture
plates, and allowed to grow to confluence (85%; ~24 h). A
100-u1 pipette tip was used to create an artificial wound by
scratching a homogenous line on the cell monolayer. After
scratching, the cells were washed and cultured in serum-free
medium. The microscopic images of same area were collected
immediately after a wound was inflicted to the cell and at
time point 24 h. Migration rates were calculated using the
following equation: (Initial distance - final distance / initial
distance) x 100.

Statistical analysis. SPSS statistical software, version 19.0
(IBM SPSS, Armonk, NY, USA) was used for statistical
analysis. One-way analysis of variance with post-hoc -testing
was used for multiple comparisons between each group. Data
are expressed as the mean + standard deviation. P<0.05 was
considered to indicate a statistically significant difference.

Results

Cell viability and apoptosis analyses indicate that 1 Gy is an
appropriate dose for modelling low-dose radiotherapy in vitro.
In our preliminary experiment, cervical cancer tera cells were
exposed to 1,2, 4 and 6 Gy of irradiation. Based on the evalu-
ation of cell viability (Fig. 1) and apoptosis rate (Fig. 2) after
irradiation (Figs. 1A and 2A), irradiation-induced cell damage
was increased with the elevation of the irradiation dose and
reached the most severe level at 6 Gy irradiation, with ~50%
cell viability and 45% apoptosis rate of the control cells, while
there was no significant damage inflicted by 1 Gy irradiation.

All subsequent experiments were performed using irradiation
at dose of 1 Gy, as this dosage was an appropriate model of
low-dose radiotherapy for enhancing the radiosensitivity.

mRNA and protein expression levels. In dual luciferase reporter
assay, a dual luciferase vector that was ligated to a fragment
corresponding to the predicted target site of miR-145 in OCT4
3'-UTR reduced by 83% fluorescence (Fig. 3A). Furthermore,
RT-qPCR analysis showed that miR-145 was significantly
upregulated in tera cells transfected with miR-145 mimics or
co-transfected with miR-145 mimics and OCT4 expression
vector before cell exposure to 1 Gy irradiation (Fig. 3B). Expo-
sure to 1 Gy irradiation resulted in the stgnifieant reduction of
cyclin D1 protein expression (P<0.05), but not of OCT4 protein
expression (Fig. 4). After irradiation, tera cells that were initially
transfected with miR-145 mimics showed marked inhibition of
their protein expression levels of OCT4 and cyclin D1 compared
with those in non-treated tera cells. However, this inhibition was
not observed in tera cells co-transfected with miR-145 mimics
and OCT4 expression vector.

Cell viability and apoptosis rate. Tera cells transfected with
miR-145 mimics exhibited a significant reduction in post-irra-
diation cell viability and increase of post-irradiation apoptosis
rate (P<0.05). By contrast, similar reductions were not observed
in tera cells co-transfected with miR-145 mimics and OCT4
expression vector (Figs. 1B and 2B). In the would healing
assay (Fig. 5), the cell migration rate exhibited a significant
reduction following cell exposure to 1 Gy irradiation (P<0.05).
Transfection with miR-145 mimics before irradiation rendered
cell migration rate further attenuated (P<0.05 vs. cell exposure
to irradiation only; P<0.01 vs. control). Co-transfection with
miR-145 mimics and OCT4 expression vector before irradia-
tion restored cell migration rate close to that of cell exposure to
irradiation only (P<0.05 vs. control).

Discussion

miRNAs are characterized by negatively regulating the
expression levels of numerous key proteins involved in
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Figure 2. Apoptosis rates of cervical tera cells were tested using Annexin V-fluorescein isothiocyanate/propidium iodide apoptosis kit and flow cytometry.
(A) Apoptosis rate of tera cells after exposure to different dose of irradiation. (B) Before exposure to 1 Gy irradiation, tera cells were transfected with miR-145
mimics or co-transfected with miR-145 and OCT4 expression vector. The horizontal axes of the flow cytometer images represent Annexin V-fluorescein
isothiocyanate, and the vertical axes represent propidium iodide. The experiment was repeated at least three times. Each bar represents the mean of three
independent experiments. Bars not sharing a common letter differ (P<0.05). Ir, irradiation at dose of 1 Gy; miR-145, microRNA-145 mimics; OCT4-vector,
octamer-binding transcription factor 4 expression vector.
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Figure 3. Dual luciferase reporter assay and quantitative polymerase chain reaction analysis of miR-145 expression in cervical tera cells after different treat-
ments. (A) Dual luciferase reporter ligated to putative miR-145 binding sequences in the OCT4 3'-UTR (pRL-TK-OCT4 3'-UTR) and NC were transfected
into tera cells. (B) Before exposure to 1 Gy irradiation, tera cells were transfected with miR-145 mimics or co-transfected with miR-145 and OCT4 expression
vector. The experiment was repeated at least three times. Each bar represents the mean of three independent experiments. Bars not sharing a common letter
differ (P<0.05). NC, normal control; Ir, irradiation at dose of 1 Gy; miR-145, microRNA-145 mimics; OCT4-vector, octamer-binding transcription factor 4
expression vector.

psychological and pathological processes, and have been effects of each miRNA in specific cancer types. The present
associated with regulating various hallmarks of cancer (9,10).  results suggest that miR-145 promotes the radiosensitivity of
However, there uncertainty remains regarding the functional  cervical cancer tera cells, as demonstrated by the finding that
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Figure 4. Protein expression levels of OCT4 and cyclin D1 in cervical tera cells after different treatments. Before exposure to 1 Gy irradiation, tera cells were
transfected with miR-145 mimics or co-transfected with miR-145 and OCT4 expression vector. The relative protein expression levels of OCT4 and cyclin D1 in
tera cells after different treatments were tested by western blot and normalized against 3-actin. The experiment was repeated at least three times. Each bar rep-
resents the mean of three independent experiments. Bars not sharing a common letter differ (P<0.05). Ir, irradiation at dose of 1 Gy; miR-145, microRNA-145
mimics; OCT4-vector, octamer-binding transcription factor 4 expression vector.
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Figure 5. Cell migration rate of cervical tera cells. (A) Cell migration rate of tera cells after exposure to different dose of irradiation was tested by using wound
healing test. (B) Before exposure to 1 Gy irradiation, tera cells were transfected with miR-145 mimics or co-transfected with miR-145 and OCT4 expression
vector. All experiments were repeated at least three times. Each bar represents the mean of three independent experiments. Bars not sharing a common letter
differ (P<0.05). Ir, irradiation at dose of 1 Gy; miR-145, microRNA-145 mimics; OCT4-vector, octamer-binding transcription factor 4 expression vector.

miR-145 overexpression via the transfection with miR-145  overexpression correlates with breast cancer MCF-7 cell
mimics significantly decreased post-irradiation cell viability = growth inhibition (11). The loss of miR-145 serves as a selec-
of tera cells and enhanced its post-irradiation apoptosis rate. tive advantage for the growth of colon, cervical and bladder

miR-145 is documented to be suppressive to cell growth  cancers (12). However, the function of miR-145 as a cancer
of cancer cells (9,10). It has been revealed that miR-145  growth inhibitor does not necessarily mean that miR-145
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can enhance the radiosensitivity of cancers, which involves
numerous mechanisms responsible for death-inducing effects
after radiation damage (22). It has been demonstrated that
exposure to radiation may result in the generation of substantial
oxidative free radicals which have harmful effects on DNA via
deteriorating its original molecule structures (23). DNA injury
is a strongly positive signal for the initiation of apoptosis, and
cells that are less sensitive to radiation are observed to evade
cell death predominantly by blocking and interfering apoptosis
signals and/or immediately repairing injured DNA (4). The
present results showed that tera cells with elevated miR-145
had much lower cell viability and a higher apoptosis rate after
cell exposure to low-dose irradiation, indicating that miR-145
enhances the sensitivity of cervical cancer cells to radiation.

The present study, and prior experiments (20), showed
that the endogenous OCT4 protein level was significantly
downregulated in tera cells transfected with miR-145 mimics,
suggesting that OCT4 expression is negatively regulated
by miR-145 in tera cells. Further experiments involving the
co-transfection of tera cells with miR-145 mimics and an
OCT4 expression vector, to remove the inhibitory effect of
miR-145 on OCT4 expression, showed that miR-145 signifi-
cantly decreased post-irradiation cell viability and that the
enhanced post-irradiation apoptosis rate was abrogated. These
data collectively indicate that miR-145 enhancing radiosensi-
tivity occurs primarily via silencing of OCT4.

Previous results indicate that OCT4 facilitates cell
proliferation and inhibits apoptosis. It has been reported that
OCT4 promotes the proliferation of esophageal squamous cell
carcinoma by positively regulating the expression of survivin,
which is an important member of the inhibitors of the apop-
totic gene family (24). Furthermore, OCT4 has been shown to
influence survival signal pathways, including those mediated
by Tcll/Aktl, signal transducer and activator of transcrip-
tion 3 and tumor protein p53 in various cancer types (25-27).
Previous data suggest that OCT4 directly induces expression of
miR-125b, which inhibits its target, Bcl-2 antagonist/killer 1,
leading to the suppression of cervical cancer cell apop-
tosis (28). OCT4 harboring anti-apoptosis property may to
some extent takes the responsibility that OCT4 attenuates the
radiosensitivity.

Cyclin DI is also a key mediator that contributes to reduce
cancer cell radiosensitivity via an established mechanism that
facilitates G1-S cell cycle transition to improve cell self-renew
and proliferation after irradiation (29-31). In the present study,
cyclin DI downregulation was observed in cells exposed to
irradiation and cells transfected with miR-145 mimics was
associated with considerable reduction of cell migration rate
in wound healing assay. Wound healing assays may be used
to detect cellular self-repairing capability following wound.
A lower cell migration rate indicates slower proliferation
and weaker self-repairing capability, which in turn suggests
a higher radiosensitivity (32). Furthermore, previous studies
have reported that upregulated cyclin DI was associated a
high incidence of cervical lymph node metastasis of squamous
cell carcinoma (33). In addition, prior experiments suggest
that cyclin D1 serves a crucial function in processes leading
to an increase in metastatic potential, such as migratory and
invasive properties, potentially through increasing matrix
metalloproteinase activity and cellular motility (34,35). It
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is widely accepted that cancer metastasis facilitates cancer
cells to evade irradiation (36). Thus, the present observation
of downregulated cyclin D1 and lower cell migration rate
indicates potential utility in clinical radiotherapy. However,
there is limited evidence that cyclin D1 is directly regulated
by miR-145. As cyclin D1 exhibited similar variations in
protein expression with OCT4 in the present test, cyclin D1
was hypothesized to be under the positive regulation of OCT4.
Contradictorily, previous results suggest that cyclin D1 is
negatively regulated by OCT4 in human embryonic stem
cells (37). This difference may be due to the different types of
cells used in each experiment, or it is possible that cyclin D1
is under more complicated regulation than our hypothesized
mechanism.

In summary, a dual luciferase reporter assay verified that
OCTH4 is an important target of miR-145 in cervical cancer
tera cells. Transfection with miR-145 mimics repressed OCT4
expression and promoted radiosensitivity of cervical cancer
tera cells. However, co-transfection of miR-145 mimic and
OCTH4 expression vector removed the inhibition of miR-145 to
OCT4 and abrogated the enhancement of miR-145 to radio-
sensitivity, suggesting that the miR-145-associated increase in
the radiosensitivity of cervical cancer cells is a result of OCT4
silencing. In addition, cyclin D1 was inhibited by miR-145, but
co-transfection with miR-145 mimics and OCT4 expression
vector that restored OCT4 expression and led to the recovery
of cyclin D1 expression. Thus, it is speculated that cyclin D1 is
under the positive regulation of OCT4. However, this concept
is contradictory to previous research (37). Further research
investigating the mechanism by which cyclin D1 is regulated
by miR-145 and/or OCT4 are required.
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