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Figure 1. Expression of miR-124 in primary NPC tissues and cell lines. A. miR-124 expression in NPC cell lines
compared with nasopharyngeal normal cell line NP69. U6 was used as an internal control. *P < 0.05. B. miR-124
expression in NPC tissue compared with matched normal tissue. U6 was used as an internal control.

Figure 2. miR-124 enhances NPC cells sensitivity to radiation treatment. A.
The survival fraction of CNE-1 and CNE-2 cells treated as described. Colonies
containing >50 cells were counted by microscopic inspection, and the surviv-
ing fraction was calculated using the multi-target single-hit model: SF=1-(1-
eYPO)N The data are presented as the mean * SD of results from three inde-
pendent experiments. **P < 0.01. B. Western blot analysis of y-H2AX, Bcl-2,
cleaved caspase-3 (c-caspase-3) in CNE-1 and CNE-2 cells continuously
overexpressing miR-124 (LV-miR-124), scrambled negative controls (LV-con)
treated with 4 Gy dose of radiation. All of these proteins were detected 24
h after radiation, except for y-H2AX, which was detected 6 h after exposure
to radiation.

U6 snRNA was used as an
endogenous control. The pre-
cursor form of miR-124 was
amplified. For detection of
PDCD6 mRNA, cDNA was syn-
thesized from 1 ug of total
RNA by means of the rever-
se transcription reaction kit
according to the manufactur-
er's instructions (Promega).
Human GAPDH was amplified
in parallel as an internal con-
trol. The primers were listed in
Supplementary Table 1. All
samples were normalized to
internal controls and fold
changes were calculated th-
rough relative quantification
(2—AAC1)_

Western blot analysis

Equal amounts of protein
were resolved by SDS-PAGE
and transferred to polyvinyli-
dene fluoride (PVDF) mem-
brane (Millipore, USA). The
membranes were blocked in
5% non-fat skim milk/TBST
(20 mM Tris-HCI (pH 7.4), 150
mM NaCl, and 0.1% Tween-
20) at room temperature for 1

scription and gRT-PCR reactions were per- h and detected with primary antibodies at 4°C
formed by means of a qSYBR-green-containing overnight. It was hen blotted for 1 h at room
PCR kit (GenePharma, Shanghai, China), and temperature with an appropriate secon-
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Figure 3. PDCDG6 is a direct target of miR-124. A. Wild-type or mutant miR-124 target sequences in the human
PDCD6 3’-UTR. B. Luciferase activity assays were carried out using a luciferase reporter with wild-type (wt) or mutant
(mt) human PDCD6 3’-UTRs after co-transfection with miR-124 mimics or inhibitor into HEK293 cells. The mt 3'-
UTR level increased significantly compared with the wt 3'-UTR. The bar graph shows the mean + SD of results from
three independent transfection experiments. *P<0.05. C. PDCD6 expression in NPC cells treated as described were
detected using qRT-PCR. ANOVA and the Student’s t test were used to determine the statistical significance of the

differences among groups. *P<0.05.

dary antibody, followed by treatment with
enhanced chemiluminescence detection re-
agents (Amersham Pharmacia Biotech, USA).
The primary antibodies PRRX1 was purchased
from Abcam (UK), Caspase-3, Bcl-2, PDCD6
and y-H2AX were purchased from Epitomics
(USA).

Luciferase assay

The full-length PDCD6 3’-UTR was amplified by
PCR and cloned downstream of the firefly lucif-
erase gene in the pGL3 vector (Promega). The
vector was named wild-type (wt) 3’-UTR. Site-
directed mutagenesis of the miR-124 binding
site in PDCD6 3-UTR was performed using
GeneTailor Site-Directed Mutagenesis System
(Invitrogen) and named mutant (mt) 3-UTR.
Cells were transfected with reporter plasmids
and placed in 96-well plates. After 48 h of incu-
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bation, the cells were harvested and assayed
using the dual-luciferase reporter assay system
(Promega, Madison, WI) according to the manu-
facturer’s instructions. Luciferase activities
were normalized by B-galactosidase activity.
Each experiment was repeated at least three
times in triplicate.

Irradiation and clonogenic assay

Cells treated as described were seeded on six-
well plates in triplicate and exposed to radia-
tion the doses indicated using a 6-Mvx-ray gen-
erated by a linear accelerator (Varian 2300EX
at a dose rate of 5 Gy/min. After incubation at
37°C for 14 days, cells were fixed in 100%
methanol and stained with 1% crystal violet.
Colonies containing >50 cells were counted
under a light microscope. The surviving fraction
was calculated as described previously [26]. At
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Figure 4. PDCDG6 induces cell resistance to radiation in NPC. A. The surviv-
al fraction of CNE-1 and CNE-2 cells treated as described was calculated
as above indicated. **P<0.01. B. Western blot analysis of y-H2AX, Bcl-2,
cleaved caspase-3 (c-caspase-3) and PDCD6 CNE-1 and CNE-2 cells treated
as described. Cells were exposed to a 4 Gy dose of radiation for another 24
h. All of these proteins were detected 24 h after radiation, except y-H2AX,

which was detected 6 h after exposure to radiation.

least three independent experiments were
performed.

Xenograft studies

All of the animal experiments were carried out
in strict adherence with the Regulations for the
Administration of Affairs Concerning Experi-
mental Animals. All procedures involving ani-
mals and their care in this study were approved
by the Institutional Animal Care and Use
Committee. For xenograft tumor assays, 1x10°
cells treated as indicated were injected subcu-
taneously into the back of 4 to 6-week-old nude
mice. When the tumor volume reached 200
mm?, it was irradiated with a single 10 Gy dose
10 days after the injection. Tumor size was cal-
culated every two days using the following for-
mula: (lengthxwidth?)/2.

Statistical analysis

All values are expressed as the mean + stan-
dard deviation. Results were analyzed by
ANOVA or using a two-tailed Student’s t test
with statistical significance established at
P<0.05. All Western blot results were qu-
antified using Bio-Rad lab image quantitative
analysis software. All data are present-
ed as the mean + SD of results from three inde-
pendent experiments.
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miR-124 js downregulated in
NPC tissues and cell lines
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0.05 0.65 0.07

A panel of human NPC cell
lines were first analyzed to
quantitate the expression

[ STETRERK Ee————_ level of miR-124. Results
0.34 0.75 0.43

CAPDH ——

showed that miR-124 was de-
creased in six NPC cell lines
examined compared with the
s s immortalized nontumorigenic
5 cell line NPG9 (Figure 1A).

We further examined miR-124
expression in 36 NPC speci-
mens and 30 normal naso-
pharyngeal epithelial tissues.
Consistent with the data
obtained from NPC cell lines,
the average expression level
of miR-124 was significantly
lower in NPC specimens than
in normal nasopharyngeal epithelial tissues
(Figure 1B; P<0.001).

MiR-124 increases NPC cells sensitivity to
radiation treatment

We found overexpression of miR-124 decreased
the survival fraction of NPC cells subjected to
different doses of irradiation (Figure 2A). In
addition, miR-124 decreases activity of Bcl-2,
but increases activity of caspase-3 and phos-
phorylation of the histone H2AX (y-H2AX)
(Figure 2B), an indicator of the cellular response
to DNA damage [27].

PDCDE6 is a direct target of miR-124

We found a perfect base pairing between the
seed sequence of miR-124 and the 3’-UTR of
PDCD6 mRNA by using TargetScan (Figure 3A).
We then cloned the target sequence of wild-
type PDCD6 3’-UTR (wt 3-UTR) or the mutant
sequence (mt 3’-UTR) into a luciferase reporter
vector (Figure 3B). HEK293 cells were trans-
fected with a wt or mt 3-UTR vector together
with miR-124 mimics. This resulted in a signifi-
cant decrease in luciferase activity compared
with miRNA controls (Figure 3B, Lanes 2 and 3;
P<0.05). The mt 3'-UTR vector was not affect-
ed by simultaneous transfection with miR-124
mimics (Figure 3B, Lanes 7 and 8). Furthermore,
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Figure 5. Restoration of PDCDG6 in cells overexpressing miR-124 reverses the effects of miR-124 on radiosensitiv-
ity. A. The survival fraction of cells treated as described. pcDNA3.1-PDCD6 was transfected into cells continuously
overexpressing miR-124 using Lipofectamine 2000. Surviving fraction was calculated as indicated. **P<0.01. B.
Western blot analysis of y-H2AX, Bcl-2, cleaved caspase-3 (c-caspase-3) and PDCD6 expression in CNE-1 and CNE-2
cells treated as described. Cells were exposed to a 4 Gy dose of radiation for another 24 h. All of these proteins were
detected 24 h after radiation, except y-H2AX, which was detected 6 h after exposure to radiation.

cotransfection with the anti-miR-124 and wt
3-UTR vector in HEK293 cells were followed by
an increase in luciferase activity (Figure 3B,
Lanes 4 and 5; P<0.05). Western blot and gRT-
PCR analysis indicated PDCD6 activity had an
negative correlation with miR-124 (Figure 3C
and 3D).

PDCD6 knockdown confers radiosensitivity in
NPC cell lines

Stable cell lines with shRNA-PDCD6 were
established, and the PDCD6 protein expres-
sion in these cells was verified by western blot
analysis of the cell lysates with specific anti-
bodies (Figure 4B). Colony survival assay was
subsequently carried out. Clonogenic as-
say showed PDCDG6-silenced cells surviving

11466

fractions of the colonies was decreased
significantly compared with control group when
exposed to different X-ray doses (Figure 4A).
Accordingly, Western blot assay showed that
when combined with radiation, PDCD6 silenc-
ing induced a significantly down-regulation of
Bcl-2 level but an up-regulation of caspase-3
expression and y-H2AX (Figure 4B).

Enforced expression of PDCDG6 restores the ef-
fects of miR-124 on NPC cell radiosensitivity

To determine whether the effects of miR-124
were mediated by PDCD6, we transfected
pcDNA3.1-PDCD6 into cells overexpressing
miR-124. Overexpression of PDCD6 increased
the survival fraction of transfected cells com-
pared with non-transfected cells, which sug-
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Figure 6. miR-124 enhances cells sensitivity to radiation therapy in vivo. A.
Nude mice were subcutaneously injected (into the back of them) with 1x10°¢
cells overexpressing miR-124 or negative control with or without combina-
tion of irradiation. B. Overexpression of miR-124 with or without combination
of IR in Bel-7402 tumor xenografts by calculating xenografts volumes. Points,
mean of tumor volume (mm?) of each treatment group (n=6); bars indicate

SE. **P<0.01.

gests that PDCDG6 reverses the effects of miR-
124 (Figure 5A). Western blot analysis indicated
that PDCDG6 also restore the expression of cas-
pase-3, y-H2AX and reduced Bcl-2 expression
(Figure 5B).

miR-124 enhances cell sensitivity to irradia-
tion treatment invivo

To determine whether miR-124 decreases
tumor resistance to the effects of radiation in
vivo, we irradiated the tumor tissue using a sin-
gle 10 Gy dose administered 10 days after
injection. We found that the size of the xeno-
grafts derived from overexpressing miR-124
was much smaller than the controls exposed to
the same dose of radiation (Figure 6A and 6B).
These results indicated that miR-124 could
sensitize tumors to radiation in vivo.

Discussion

miRNAs are known as key regulators of numer-
ous cellular processes, and abnormal expres-
sion of mMiRNAs maybe deemed closely related
to the initiation and progression of malignant
tumors [28, 29]. In this study, we observed
that miR-124 is frequently downregulated in
NPC cell lines and fresh clinical specimens.
Functional analyses revealed that overexpres-
sion of miR-124 enhanced the radiosensitivity
of NPC cells both in vitro and in vivo.
Furthermore, PDCD6 was verified as a direct,
functional target of miR-124. Taken together,
these data suggest that the identified miR-
124/PDCD6 pathway contributes to the eluci-
dation of the mechanisms of radiosensitivity in

11467

11 14 17 20 23 26 29 32 356
IR(d10,10Gy)

cells to irradiation. Recently,
several microRNAs have been
reported as playing an impor-
tant role in regulating thera-
peutic efficacy in cancer ther-
apy. miR-200c, and miR-199a
have been found to induce th-
erapeutic resistance in hepa-
tocellular carcinoma, esopha-
geal, and cervical carcino-
mas, respectively [30-32]. On the other hand,
several microRNAs expressed at lower levels,
such as miR-20a, let-7i, miR-181a, miR-630,
and miR-128, were identified as closely relat-
ed to therapeutic resistance in patients with
ovarian, lung, and breast cancers, respectively
[33-36].

MiR-124 is a brain-enriched miRNA, which is
significantly down-regulated in many human
malignant tumors, including glioblastoma, gas-
tric carcinoma, medulloblastoma, hepatocellu-
lar carcinoma, and CRC [12-18, 37, 38]. In our
recent study, miR-124 was found to be signifi-
cantly downregulated in NPC tissues and cell
lines. To date, the literature remains limited to
studies of the biological function and molecular
mechanism of miR-124 in NPC. Therefore, we
deemed it important to select miR-124 for fur-
ther investigation in this study.

According to this study, we confirmed fir-
stly that miR-124 was downregulated in NPC
cell lines and freshly frozen tissues. We then
conducted a series of biological experiments in
order to better understand the function of miR-
124 on cell radiosensitivityin NPC. Ectopic
expression of miR-124 significantly enhanced
radiosensitivity both in vitro and in vivo. In a
nutshell, these results demonstrate that the
enhanced cell radiosensitivity by miR-124 may
contribute to the initiation and progression of
NPC. For further understanding of the mecha-
nisms underlying, we identified PDCD6 as a
potential target gene of miR-124, based on bio-
informatics analysis.

Previous studies have elucidated that PDCD6
was up-regulated in a variety of tumors such as
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breast cancer, liver cancer, lung cancer, and
colon cancer, especially in metastatic tissues.
Researches suggest that in addition to its
known pro-apoptotic function, PDCD6 may play
a role in cell survival [22, 23]. However, there
have been no studies focused on radioresistan-
ce of PDCDG6 in nasopharyngeal cancer. In this
study, a luciferase reporter gene assay verified
PDCDG6 as a direct target of miR-124. In addi-
tion, the overexpression of miR-124 significant-
ly reduced the expression of PDCD6. PDCD6
knockdown could enhance cell radiosensitivity.
Moreover, the effect of miR-124 on cell radio-
sensitivity could be restored by transfecting
PDCD®, indicating that PDCD6 is a functional
target of miR-124 in NPC.

Conclusion

In this study, we provide evidence that miR-124
can efficiently mediate radioresistance in NPC
cell lines by targeting PDCDG6, suggesting that
miR-124 is an attractive prognostic/predictive
biomarker in this type of cancer. Targeting miR-
124 may have potential value as an adjuvant
therapy for tumor radiosensitization, while
more knowledge is required regarding the
underlying molecular mechanisms.
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Supplementary Table 1. Primers for miR-124 and PDCD6 quantification

Name Sequence (5’-3) Tm (°C)  Amplicon (bp)
mMiR-124-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGGCATTCT 87.8

miR-124-F  GATACTCATAAGGCACGCGG 60.6 64
miR-124-R  GTGCAGGGTCCGAGGT 57.9

PDCD6-F CAGGCGGATGAGAACGTGG 62.7 213
PDCD6-R AAAAGCATCAGGATAGTGTGTCC 60.3

U6-F CGCTTCGGCAGCACATATAC 59.4 60
U6-R CAGGGGCCATGCTAATCTT 57.5

GAPDH-F GGAGCGAGATCCCTCCAAAAT 61.6 197
GAPDH-R GGCTGTTGTCATACTTCTCATGG 60.9




