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MicroRNA-9 suppresses the sensitivity of
CNE2 cells to ultraviolet radiation
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Abstract. MicroRNA (miR)-9 has been demonstrated to regu-
late the radiosensitivity of tumor cells. In the present study,
the mechanism by which miR-9 modulates the sensitivity of
nasopharyngeal carcinoma (NPC) cells to ultraviolet (UV)
radiation was investigated. The results demonstrated that expo-
sure of NPC cells to UV light resulted in a significant increase
in the expression of miR-9, and that CNE2 cells overexpressing
miR-9 exhibited reduced levels of DNA damage and increased
levels of total glutathione upon UV exposure. Accordingly, the
inhibition of the expression of miR-9 promoted UV-induced
DNA damage and apoptosis. Although miR-9 inhibited the
expression of E-cadherin in the CNE2 cells and increased
their resistance to UV radiation, the use of small interfering
RNA to inhibit the expression of E-cadherin was not sufficient
to decrease the radiosensitivity of the NPC cells. These data
demonstrated that miR-9 did not modulate the sensitivity
of the CNE2 cells to UV radiation through E-cadherin, but
suggested that miR-9 regulated radiosensitivity through its
effects on glutathione. These findings suggest that miR-9 may
be a potential target for modulating the radiosensitivity of
NPC cells.
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Introduction

Radiotherapy is an important modality used for the treat-
ment of nasopharyngeal carcinoma (NPC). The prognosis
of 5-year survival for patients with NPC who have received
irradiation treatment has not improved, at least in part, due to
the resistance of NPC cells to radiation (1,2). Various mecha-
nisms regulating the radiosensitivity of tumor cells have been
suggested, including the induction of DNA damage by reac-
tive oxygen species (ROS) (3) and resistance, mediated by the
epithelial-mesenchymal transition (EMT) (4).

MicroRNAs (miRNAs) are endogenous, non-coding RNA
molecules, which suppress the expression of target genes by
binding to 3' untranslated regions. miRNAs provide suitable
therapeutic targets, which regulate a number of complex
biological processes (5). Previous studies have demonstrated
the effects of ionizing radiation on the expression levels of
miRNAs, and the radiosensitivity of tumor cells has been
demonstrated to be regulated by miRNAs in vitro (6,7).
In addition, the expression levels of miRNAs have been
reported to be altered by ROS in cells, which have been
exposed to ionizing radiation (8). Although the overexpres-
sion of miR-9 and let-7 g have been observed to decrease
the surviving fraction of y-irradiated cells and increased
the sensitivity to ionizing radiation in H1299 cells (9), our
previous study demonstrated that inhibition of the expression
of miR-9 promoted the ultraviolet (UV)-induced production
of ROS, DNA damage and apoptosis in NPC cells (10,11). To
examine the mechanism underlying radiosensitivity in NPC,
the present study investigated whether miR-9 suppresses the
sensitivity of NPC cells to UV through UV-induced ROS
damage.

miRNAs regulate the progression of cancer by targeting
various messenger RNAs with cancer-associated functions.
The EMT has been implicated in the increased resistance
to radiotherapy and downregulation of the expression
of E-cadherin associated with EMT, and has also been
demonstrated to promote resistance to radiation therapy in
human tumor cells in vitro (4,5). It has been suggested that
the decreased expression of E-cadherin is associated with
advanced disease and poor survival rates in patients with NPC,
and that altered expression levels of E-cadherin may affect the
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prognosis of patients with NPC (12,13). miR-9 directly targets
E-cadherin mRNA and thereby regulates cell motility and the
invasiveness of breast cancer cells (14). Whether miR-9 modu-
lates the sensitivity of NPC cells to UV radiation by regulating
E-cadherin remains to be elucidated.

The present study investigated changes in the expression
levels of miR-9 in different NPC cell lines following exposure
to UV radiation, to determine the mechanism underlying the
effects of miR-9 on radiosensitivity, examine the potential
role of E-cadherin, and improve current understanding of the
responsiveness of NPC cells to UV radiation.

Materials and methods

Cell lines and chemicals. The CNE1, CNE2 and C666 NPC
cell lines were cultured, as described previously (15). CNE1
and CNE2 cells are derived from well- and poorly-differ-
entiated squamous carcinoma, and C666 is derived from
undifferentiated carcinoma (15). The NPC cell lines were
maintained in Roswell Park Memorial Institute-1640 medium
(HyClone Laboratories, Inc., Logan, UT, USA), supplemented
with 10% fetal bovine serum (HyClone Laboratories, Inc.)
at 37°C in a humidified incubator containing 5% CO,. The
cell lines were provided by Professor Musheng Zeng (State
Key Laboratory of Oncology in Southern China Cancer
Institute, Sun Yat-sen University, Guangzhou, China).
Once the cells reached 50% confluence (3x10° cells), they
were irradiated with UV, at a wavelength of 254 nm, for
45 min in an ESCO biosafety cabinet (Esco Micro Pte Ltd.,
Singapore). The 2',7'-dichlorodihydrofluorescein diacetate
and N-acetyl-L-cysteine (NAC) were purchased from
Sigma-Aldrich (St. Louis, MO, USA).

Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR). To quantify the expression levels of miR-9, the
total RNA was extracted from the cells using TRIzol reagent
(Omega Bio-Tek, Norcross, GA, USA). The total RNA (1 pg)
was reverse transcribed using Moloney Murine Leukemia
Virus Reverse Transcriptase (Promega Corporation, Madison,
WI, USA) and the products were used for gPCR analysis using
SYBR Green PCR Master mix (Toyobo Life Science, Osaka,
Japan), according to the manufacturer's instructions. ABI9700
and ABI7500 systems (Applied Biosystems Life Technologies,
Foster City, CA, USA) were used to conduct PCR and qPCR,
respectively. The forward primers for the miR-9 and U6
internal control were 5-ACACTCCAGCTGGGTCTTTG-
GTTATCTAGCTG-3' and 5'-CTCGCTTCGGCAGCACA-3,
respectively. The expression levels of miR-9 were measured
in the various NPC cell lines at numerous time-points (6, 12
and 24 h) following radiation exposure. The expression levels
of miR-9 in the cancer cells without radiation were considered
the control. The primers were designed by the Land Co., Ltd.,
(Guangzhou, China). The PCR conditions were set as follows:
95°C for 5 min, followed by 40 cycles of 95°C for 15 sec, 65°C
for 15 sec and 72°C for 32 sec, and a final extension step at
72°C for 5 min. The 2724 method was used to compare the
miR-9 levels between different nasopharyngeal cells.

Western blotting and incubation with antibodies. The cells
were washed twice in phosphate-buffered saline and dissolved
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in radioimmunoprecipitation assay buffer (Beyotime Institute
of Biotechnology, Shanghai, China) for 15 min. The cell lysates
were then collected and centrifuged at 12,000 x g for 15 min at
4°C.Protein concentrations were determined using KeyGen BCA
Protein Quantitation assay (cat. no. KGPBCA; Nanjing KeyGen
Biotech Co. Ltd., Nanjing, China). The protein samples (100 ug)
were subjected to 7% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, transferred onto nitrocellulose membranes
(EMD Millipore, Billerica, MA, USA), blocked with 5% fat-free
milk (Dingguo Biotechnology Co., Ltd., Beijing, China) and
incubated with the following primary antibodies: Polyclonal
rabbit anti-human E-cadherin (1:100, cat. no. BA0474; Boster
Biotechnology Co., Ltd., Wuhan, China) and polyclonal rabbit
anti-human GAPDH (1:500; cat. no. sc-25778; Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA), at 4°C overnight.
Protein detection was performed using horseradish peroxi-
dase-conjugated goat anti-rabbit secondary antibodies (1:2,000;
cat. no. KGA A35; Nanjing KeyGen Biotech Co., Ltd., Nanjing,
China) and enhanced chemiluminescence reagents (Nanjing
KeyGen Biotech Co., Ltd.).

RNA oligoribonucleotides and cell transfection. An RNA
duplex with a forward sequence of 5-UCUUUGGUUAUCUA
GCUGUAUGA-3' was used to mimic endogenous mature
miR-9 molecules. The small interfering RNA (siRNA) targeting
human E-cadherin mRNA was designed, as previously
described, using the sequence of 5'-CAGACAAAGACCAG-
GACUATT-3' (16). The control RNA duplex (negative control)
for the miR-9 mimics and the siRNA was not homologous to
any known gene sequences. All RNA oligoribonucleotides were
purchased from Genepharma (Shanghai, China). Once the cells
reached ~60% confluence, they were transiently transfected
using Lipofectamine 2000 (Invitrogen Life Technologies,
Carlsbad, CA, USA), according to the manufacturer's instruc-
tions.

Colony formation assay. Following transfection and incubation
for 48 h, the cells were irradiated with UV for 45 min. The
cells were subsequently trypsinized (0.25% trypsin-EDTA;
Invitrogen Life Technologies), collected and cultured in a
fresh six-well plate at a density of 100 cells per well. Following
10 days incubation, the cells were fixed with methanol (Dingguo
Biotechnology Co.,Ltd.) for 10 min and stained with 0.1% crystal
violet (Dingguo Biotechnology Co., Ltd.) for 15 min. The
number of colonies were counted under an inverted microscope
(CKX41; Olympus Corporation, Tokyo, Japan) and the data
were evaluated by statistical analyses (SPSS version 13.0; SPSS
Inc., Chicago, IL, USA).

Apoptosis assay. The levels of UV-induced apoptosis were
evaluated 48 h after transfection and UV irradiation for 45 min.
Annexin V-fluorescein isothiocyanate conjugate (5 pl) and
propidium iodide solution (5 1) were added to the cell suspen-
sion for the apoptosis assay, according to the manufacturer's
instructions (Nanjing KeyGen Biotech Co., Ltd.). The stained
cells were analyzed using a flow cytometer (FACSCalibur; BD
Biosciences, Franklin Lakes, NJ, USA).

Alkaline comet assay. To detect DNA damage in individual
cells following exposure to UV radiation, DNA damage
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was assessed using a single-cell gel electrophoresis assay.
Alkaline conditions were generated with 1 mmol/l EDTA
and 300 mmol/l NaOH for electrophoresis. A total of 48 h
post-transfection and irradiation with UV (45 min), the cells
were embedded in agarose, and lysis and electrophoresis
were performed under alkaline conditions according to the
manufacturer's protocol (Nanjing KeyGen Biotech Co., Ltd.).
The fluorescence images were captured using a fluorescence
microscope system (IX71; Olympus Corporation). The olive
tail moment was measured from the comet images to reflect
the DNA damage, as described previously (17).

Intracellular ROS assay. The determine the levels of intracel-
lular ROS in the cells, 20 uM 2', 7'-dichlorodihydrofluorescin
diacetate (Sigma-Aldrich) was added to the culture medium 48 h
after transfection, and incubated at 37°C for 20 min. The cells
were subsequently irradiated with UV for 45 min and the levels
of fluorescence were measured using a Synergy HT microplate
reader (BioTek Instruments Inc., Winooski, VT, USA) at a filter
pair excitation of 485/20 and an emission of 528/20 (8).

Glutathione assay. The levels of total glutathione and reduced
glutathione were detected using a GSH and GSSG Assay kit
(Beyotime Institute of Biotechnology) via the benzoic acid
method, following UV exposure for 45 min. The cells were
treated according to the manufacturer's instructions and
measurements were recorded using a microplate reader (Synergy
HT, BioTek Instruments Inc.) at 412 nm (18).

NAC exerts its protective effect predominantly as a gluta-
thione precursor in various models with disorders associated
with oxidative stress, by directly scavenging ROS (19). To
further define the role of glutathione in the modulation of radio-
sensitivity by miR-9, the cells were pre-treated with 1| mM NAC
for 4 h prior to intracellular ROS analysis.

Statistical analysis. Unless otherwise stated, the data are
expressed as the mean + standard deviation of at least three
independent experiments. Statistical analyses were conducted
using SPSS version 13.0. Significance was determined using
Student's t-test and P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Kinetics of the expression of miR-9 following exposure to UV.
The present study examined whether miR-9 regulated the sensi-
tivity of NPC cells to UV-induced damage, and investigated
the potential mechanisms underlying the radiosensitivity of
NPC cells. The results demonstrated no significant changes
in the expression levels of miR-9 in the different NPC cell
lines (Fig. 1A). The expression levels of miR-9 were measured
in different NPC cell lines at several time-points following
exposure to radiation, ranging between 1 and 24 h. Increased
expression levels of miR-9 were observed in the well- and
poorly-differentiated tumor cells in response to UV exposure
(Fig. 1B). The induction of miR-9 following UV radiation was
transient and was particularly marked in the CNE2 cells.

miR-9 suppresses the radiosensitivity of CNE2 cells to UV. The
previously reported significant upregulation in the expression
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Figure 1. Regulation of miR-9 in response to exposure to UV radiation.
(A) Expression levels of miR-9 were measured by reverse transcription-quan-
titative polymerase chain reaction in three NPC cell lines. No significant
changes in the expression levels of miR-9 were observed in the different NPC
cell lines. (B) Induction of miR-9 in response to UV radiation in the CNE2
and CNEI cells. The data are expressed as the mean + standard deviation.
“P<0.05 and “P<0.01, as compared with the control cells. miR, microRNA;
NPC, nasopharyngeal carcinoma; UV, ultraviolet.

of miR-9 in CNE2 cells following exposure to UV radiation
prompted the present study to investigate the role of miR-9
in radiosensitivity. The colony forming capacities of the cells
were assessed following exposure to UV radiation in the cells
transfected with the miR-9 mimics. The results demonstrated
that the CNE2 cells transfected with the miR-9 mimic exhib-
ited an increased number of colonies following UV radiation
compared with the control cells (P<0.01; Fig. 2A), suggesting
that miR-9 inhibited the radiosensitivity of CNE2 cells. By
contrast, no miR-9-induced increase in the clonogenic poten-
tial of the CNEI cells was observed.

Effects of miR-9 on UV-induced apoptosis and DNA damage.
Tonizing radiation causes severe cellular damage by disrupting
the DNA integrity indirectly by forming intracellular free
radicals (3). To determine whether miR-9 regulates cellular
damage in response to UV, the present study examined
the extent of apoptosis in cells overexpressing miR-9. The
results demonstrated that the CNE2 cells transfected with
the miR-9 mimics exhibited decreased apoptosis compared
with the control cells (P<0.01; Fig. 2B and C). In addition,
by performing a single-cell gel electrophoresis assay under
alkaline conditions, the extent of DNA damage following
irradiation in the CNE2 cells transfected with the miR-9
mimics was found to be lower compared with that observed
in the control cells (P<0.001; Fig. 2D). miR-9 failed to protect



2370

A B
S 35 1

B 307 <

£ 25 : I

8 207
> 15 4
5 101
S 51
VR

A & o z

157

=
o

w
L

Apoptosis (%)

o I

5 (2 <
& ¢ &
S Sl
& e N\ g% A\

-

<0 " O
¢ O e
(J$ c\;@ 00‘0' &Q' (};‘o 00{‘

ZHENG et al: MicroRNA-9 SUPPRESSES THE SENSITIVITY OF CNE2 CELLS TO ULTRAVIOLET RADIATION

.| negative contrql-_CNEZ

mimics-CNE2

s
&

Pl
|

ol g

4.72+0.23% 1.88+0.58%

w' 1w a* s

Annexin V-FITC Annexin V-FITC

negative
e £

tontrol-CNE1 mimics-CNE1

Fl

12.8+2.77% 78.00£1.23%

ot o o )
Annexin V-FITC Annexin V-FITC

%
3‘40- e
€ 30
: [
E 201
E
o 101
2
o 0l
"] <
OIS &
@6\ 0@9"0 .‘& o@a@o\
& a0 & <& ;s
(}\ Qf(- (90 (5‘ (}{O (P{\

Figure 2. miR-9 suppresses the sensitivity of CNE2 cells to UV radiation. (A) Colony forming capacity following exposure to UV was assessed in cells trans-
fected with miR-9 mimics. (B and C) Analysis of UV-induced apoptosis in cells transfected with miRs, as indicated. (D) Effects of miR-9 on DNA damage,
assessed using an alkaline comet assay. The data are expressed as the mean =+ standard deviation (n=50; “P<0.01 and "“P<0.001, compared with the control).
miR, microRNA; UV, ultraviolet; PI, propidium iodide; FITC, fluorescein isothiocyanate.

the CNEI cells from irradiation-induced apoptosis and did not
affect the DNA damage response, consistent with its inability
to alter the clonogenic potential in these cells.

ROS levels in tumor cells following exposure to UV radiation.
Radiation induces severe cellular damage through the genera-
tion of ROS, which are controlled by free radical scavengers,
including glutathione. No significant increase was observed in
the production of ROS in tumor cells transfected with the miR-9
mimics (Fig. 3A). However, our previous study demonstrated
that NPC cells with silenced expression of miR-9 produced
lower levels of glutathione (11). Since miR-9 protected the
CNE2 cells from UV radiation (Fig. 2), the effect of miR-9 on
glutathione, which is important in protecting tumor cells from
ROS following exposure to UV radiation, was assessed. The
cells transfected with the miR-9 mimics exhibited significant
increases in the total glutathione levels compared with the
control CNE2 (P<0.01) and CNEI cells (P<0.05; Fig. 3B). In
addition, the cells transfected with the miR-9 mimics produced
more reduced glutathione compared with the control CNE1
cells (P<0.05). However, miR-9 had no significant effect on the
levels of reduced glutathione in the CNE2 cells (Fig. 3C).

The analyses revealed significant variation in the total gluta-
thione concentration regulated by miR-9 in NPC cells. Since
NAC exerts its protective effect predominantly as a glutathione

precursor in various models of oxidative stress, the present study
used NAC to pharmacologically increase cellular ROS defenses,
to elucidate the contribution of glutathione, regulated by miR-9,
in UV-induced radiosensitivity. The results demonstrated that
the levels of ROS following exposure to UV radiation were
inhibited by the antioxidant, NAC, in the CNE2 cells (P<0.001;
Fig. 3D), which indicated a role for glutathione in resistance
against UV exposure in CNE2 cells.

miR-9 does not regulate radiosensitivity through modulation
of the expression of E-cadherin. Decreased expression levels
of E-cadherin were observed in the NPC cells 24 and 48 h
following radiation exposure (Fig. 4A and B), which suggested
that the expression of E-cadherin may regulate the radiosensi-
tivity of NPC cells to UV. In addition, the levels of E-cadherin
were decreased in the CNE2 cells transfected with the
miR-9 mimics and, as expected, in the cells transfected with
E-cadherin-specific siRNA (Fig. 4C). To determine whether
miR-9 regulated radiosensitivity by targeting the expression
of E-cadherin in the CNE2 cells, the expression of E-cadherin
was silenced using siRNA to examine the effect of E-cadherin
deficiency on the radiosensitivity of the tumor cells.

No significant changes in the colony forming capacity or
levels of apoptosis were observed between the control cells
and the cells transfected with siRNA targeting E-cadherin
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Figure 3. Characterization of CNE2 and CNEI cells transfected with miR-9 following exposure to UV radiation. (A) Changes in the production of ROS regu-
lated by miR-9 following exposure to UV radiation (n=4). (B and C) Effects of miR-9 on the levels of total and reduced glutathione following exposure to UV
radiation. (D) Total levels of ROS, following exposure to UV radiation, were inhibited by the antioxidant, NAC. The data are expressed as the mean + standard
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(Fig. 4D and E). In the cells transfected with E-cadherin
siRNA, no significant difference in the production of gluta-
thione was observed compared with the control CNE2 cells
(Fig. 4F).

These results demonstrated that miR-9 suppressed the
radiosensitivity of the cells to UV through its effects on
glutathione, rather than its ability to modulate the expression
of E-cadherin.

Discussion

The mechanisms underlying NPC radiosensitivity remain to be
fully elucidated. The formation of ionizing radiation-induced
ROS is associated with radiation-induced apoptosis and
necrosis. The expression levels of several miRNAs are signifi-
cantly altered in response to radiation treatment, and changes
in the expression levels of miRNAs, including miR-17, may be
involved in DNA damage and the production of ROS (8,20).
miRNAs are, therefore, suitable candidates for modulating the
radiosensitivity of cancer cells. UV-induced ROS have been
reported to trigger cellular damage, and our previous study
revealed that miR-9 promotes the UV-induced production
of ROS (11). The present study investigated the sensitivity
of NPC to UV. The potential role of miRNAs in the protec-
tion of tumor cells from radiosensitivity and the production
of ionizing radiation-induced ROS have not been previously
investigated in NPC cells. The present study demonstrated that
CNE2 cells overexpressing miR-9 exhibited less DNA damage
and increased levels of total glutathione. These cells were
found to exhibit decreased apoptosis and increased clonogenic
potential in response to radiation.

miR-9 appears to have varying effects on proliferation
and apoptosis in different types of cancer cell. miR-9 is
overexpressed in caudal type homeobox 2-negative gastric
cancer cells, and knockdown of miR-9 inhibits the prolif-
eration of human gastric cancer cells (21). By contrast, the
overexpression of miR-9 also suppresses proliferation of
different lines of gastric cancer cells (22,23). UV-induced
production of ROS and DNA damage modulates growth
inhibition and apoptosis by altering the ratios of Bax/Bcl-2
and other signaling pathways (24). The data from the present
study demonstrated that miR-9 protected the tumor cells
from UV-induced cell damage. In the CNE2 cells, overex-
pression of miR-9 increased the clonogenic potential and
suppressed the apoptosis induced by UV. By contrast, acute
knockdown of miR-9 has no effects on the survival of human
neural progenitor cells or tumor cells (25). The production of
ROS can also result in DNA damage due to the accumula-
tion of p53 and the formation of 8-OH guanine from UV
irradiation (10). In addition to exhibiting lower levels of
ROS, certain cancer stem cells develop less DNA damage
following irradiation (3).

As the biological effects of ionizing radiation are largely
mediated by free radicals, the present study examined the
effect of miR-9 on the production of ROS and free radical
scavengers. UV causes cellular damage by producing ROS
species, including O?, O* and H,0, (10). The present study
demonstrated that NPC cells with silenced expression of
miR-9 produced lower levels of glutathione following expo-
sure to UV radiation. Since the overexpression of miR-9

ZHENG et al: MicroRNA-9 SUPPRESSES THE SENSITIVITY OF CNE2 CELLS TO ULTRAVIOLET RADIATION

revealed no increased production of ROS following exposure
to UV radiation, the present study focused on glutathione,
a critical cellular reducing agent, which is implicated in
regulating mutagenic mechanisms, DNA synthesis, growth
and multidrug and radiation resistance (26). In addition,
increased glutathione biosynthesis in a subset of cancer stem
cells has been observed to contribute to tumor radiosensi-
tivity (3). The results of the present study revealed changes
in the total and reduced levels of glutathione regulated by
miR-9 in the different NPC cells. The upregulation of the
total glutathione was important in rescuing tumor cells
from irradiation-induced apoptosis. The protective effect of
miR-9 was more marked in the CNE2 cells compared with
the CNEI] cells, however, no changes were observed in reduc-
tion of glutathione in the CNE2 cells. These data suggested
that miR-9 regulated the UV-exposure-induced radiation
response, at least in part, through its effect on glutathione.
The mechanism whereby miR-9 regulates glutathione levels
remains to be elucidated. In the present study, no correlation
was observed between miR-9 and glutamate-cysteine ligase,
which is critical in GSH biosynthesis.

miR-9 has been demonstrated to have different effects on
the expression levels of E-cadherin in different types of cancer
cells (27). The present study demonstrated that miR-9 down-
regulated the expression of E-cadherin in the CNE2 cells, and
that miR-9 protected the CNE2 cells following exposure to
UV radiation. Although E-cadherin has been demonstrated to
regulate chemoresistance and radioresistance of cancer cells,
silencing of the expression of E-cadherin had no effect on the
response of the NPC cells to UV or on alter the levels of total
glutathione. The expression of E-cadherin is regulated by
ubiquitination and multiple signaling pathways, therefore, it is
likely that several factors are involved in the downregulation
of E-cadherin following irradiation in NPC cells (28).

The present study demonstrated that the overexpression of
miR-9 suppressed the radiosensitivity of CNE2 cells, as demon-
strated by an increased number of colonies, reduced levels of
apoptosis and reduced DNA damage following UV radiation. In
addition, miR-9 was found to exert it effects through glutathione,
rather than through its effect on the expression of E-cadherin, in
the CNE2 cells. Taken together, these findings suggested that
miR-9 may be a potential therapeutic target in NPC therapy.
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