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Abstract: Radio-resistance becomes a large obstacle for effective cancer treatment. MicroRNAs (miRNAs) play im-
portant roles in response to radiation. However, the underlying mechanism of miR-630 on the radio-resistance of
human glioma is less elucidated. In this study, we found that miR-630 was downregulated in glioma cell lines after
radiation. MiR-630 inhibition enhanced the survival fraction, cell number in S stage and colony formation ability
in glioma cells after radiation, while miR-630 overexpression resulted in inverse effects. By detecting the molecu-
lar mechanism of miR-630, we validated that CDC14A was a direct target of miR-630 and miR-630 suppressed
CDC14A protein level. CDC14A overexpression can attenuate the inhibitory roles of miR-630 in survival fraction and
cell proliferation. Finally, in vivo study demonstrated that miR-630 inhibition increased the volumes of xenografts
bearing with glioma cells after radiation. In conclusion, our data indicate that anti-miR-630 enhances the radio-
resistance of human glioma cells by targeting CDC14A, implying that miR-630 may act as a novel therapeutic target
for enhancing the radiation efficiency on glioma patients.
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Introduction

Glioma is the most common primary central
nervous system tumor and accounts for the
majority of malignant brain tumors in human
[4, 2]. The outcome of glioma is diverse due to
the different histological types and grades.
Radiotherapy is one of the most used methods
for cancer treatment, including glioma [3, 4].
However, glioma patients develop resistance to
radiation, resulting in the low efficiency of radio-
therapy. Therefore, understanding the underly-
ing molecular mechanism of radio-resistance
of glioma will be crucial for the development of
novel target for glioma patients and the thera-
peutic strategies.

MicroRNAs (miRNAs) are a family of small, non-
protein-coding RNA molecules that act as post-
transcriptional regulators of gene expression
through the direct binding to the 3’'untranslated
region (3'UTR) of target mRNAs, leading to the
cleavage of target mRNAs or the repression
of translation [5-8]. MiRNAs are involved in
diverse biological processes, including cell pro-

liferation and apoptosis [9]. Accumulating evi-
dence indicates that miRNAs are deregulated
in glioma and related to tumorigenesis [10-12].
Recent studies demonstrate that miRNAs are
related to the radio-sensitivity of glioma cells.
For instance, miR-181a increases the radio-
sensitivity of glioma cells by downregulating
Bcl-2 [13]. MiR-26a sensitizes glioblastoma
cells to radiation by targeting of ataxia-telangi-
ectasia mutated [14]. MiR-21 inhibition enhanc-
es the radio-sensitivity of glioma cells through
the inhibition of PI3K/AKT pathway [15]. MiR-
630 has been reported to be as a modulator
of cisplatin-induced cell death [16, 17]. It also
serves as a prognostic biomarker of renal cell
carcinoma [18] and gastric cancer [19]. How-
ever, the molecular mechanism as to how miR-
630 modulates the radio-resistance of glioma
cells is not fully understood.

Cell division cycle protein 14 A (CDC14A) gene
is located in chromosome 1p21 and belongs to
the dual specificity protein tyrosine phospha-
tase family. It is an important cell cycle regula-
tory phosphatase and affects the expression
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of cell-cycle related proteins including p53.
CDC14A overexpression enhances the cell
cycle progression and cell proliferation [20].
In addition, CDC14A plays an important role
in regulating the cell cycle by downregulating
CDC25 activity at the G2/M transition [21]. A
previous study also demonstrates that CDC-
14A can interact and dephosphorate the ser-
315 of p53 in vivo and is involved in carcino-
genesis [22].

In the current study, we found that miR-630
expression was reduced after radiation. MiR-
630 inhibition increased the radio-resistance
of glioma cells, G1/S transition and cell colony-
forming ability, while miR-630 overexpression
resulted in inverse effects. CDC14A was identi-
fied to be a direct target of miR-630 and
CDC14A overexpression restored the effect of
miR-630 on radio-sensitivity and proliferation.
Finally, we found that miR-630 inhibition en-
hanced the radio-resistance of glioma cells
in vivo. The results suggest that miR-630 may
serve as a novel therapeutic target for modify-
ing the efficiency of radiotherapy in glioma
patients.

Materials and methods
Cell culture and transfection

Human glioma cell lines BT325, U373, U87 and
U251 were cultured in Dulbecco’s modified
Eagle’s medium (Gibco) supplemented with
10% fetal bovine serum (Gibco) and 1% mixture
of penicillin (100 U/ml) and streptomycin (100
ug/ml), and maintained in a humidified atmo-
sphere at 37°C with 5% CO,. The cell trans-
fection was performed using Lipofectamine™
2000 (Invitrogen) according to the manufactur-
er’'s instructions. MiR-630 mimics or miR-630
ASO (antisense oligonucleotides) were intro-
duced into the cells at a final concentration of
50 nM and 100 nM, respectively.

RNA extraction and quantitative real time PCR
(qPCR)

Total RNAs (inclusive of miRNAs) were extract-
ed from cells or xenografts tissues using Trizol
reagent (Invitrogen) according to the manufac-
turer’s instructions. cDNA was transcribed from
500 ng of RNA using M-MLV reverse transcrip-
tase and specific miR-630 primer. gPCR was
performed using specific miR-630 primer and 2
x SYBR master mix in the ABI Step One Real-
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Time PCR system. Small nuclear RNA U6 serv-
ed as an internal control to normalize miR-
410 expression. The primers for reverse tran-
scription and PCR were listed below: miR-630
RT primer: 5-GTCGTATCCAGTGCAGGGTCCG-
AGGTATTCGCACTGGATACGACACACCTTC-3'. U6
RT primer: 5-GTCGTATCCAGTGCAGGGTCCGA-
GGTATTCGCACTGGATACGACAAAAATAT-3’. miR-
630 Forward: 5-GTCAGCGCAGTATTCTGTAC-3'.
U6 Forward: 5-GTCAGCGCGTGCTCGCTTCG-3'.
Common reverse primer: 5-GTGCAGGGTCCG-
AGGT-3..

Western blotting assay

Western blotting analysis was performed in
lysates from transfected cells or xenografts tis-
sues to assess CDC14A protein levels. Briefly,
30 pg of proteins were separated on a 10%
SDS-PAGE and subsequently transferred to a
PVDF membrane. After incubation in 5% milk
for 1 h, the blots were incubated in the primary
antibodies overnight at 4°C. Mouse monoclo-
nal to CDC14A and rabbit polyclonal to GAPDH
were used as primary antibodies. Finally, the
blots were incubated in HRP-conjugated goat
anti-mouse or anti-rabbit antibody for 1.5 hrs
at room temperature. The blots were observed
using the ECL Western blotting kit according to
the manufacturer’s protocols. GAPDH served
as a loading control to normalize CDC14A ex-
pression.

Radiation treatment and radio-sensitivity as-
say

Radiation was performed at room temperature
using an irradiator at various doses (0, 4, 8 and
12 Gy). For detection of the radio-sensitivity,
the transfected cells were seeded at a density
of 2000 cells per well in 96-well plates followed
by radiation on day 2. After exposure to radia-
tion for 3 days, the radio-sensitivity was mea-
sured using 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyl-tetrazolium bromide (MTT) assay. The
absorbance on 570 nm was measured using
a spectrophotometer. The survival fraction =
(the viability of the cells exposed to indicated
dose of radiation)/(the viability of cells without
radiation).

Colony formation assay

The transfected cells were seeded in 12-well
plate (200 cells/well) and exposed to 8 Gy of
radiation on day 2 for colony formation assay.
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Figure 1. miR-630 was downregulated after radiation. A. miR-630 expression in BT325, U373, U87 and U251 cells
was determined by gPCR. B. BT325, U373, U87 and U251 cells were exposed to 8 Gy of radiation and miR-630
expression was then determined by qPCR. C. BT325, U373, U87 and U251 cells were exposed to various doses
of radiation (0, 4, 8 and 12 Gy) after transfection with miR-630 or control. The radio-sensitivity was then analyzed
using MTT assay. D. BT325, U373, U87 and U251 cells were exposed to various doses of radiation (0O, 4, 8 and 12
Qy) after transfection, and miR-630 expression was then determined by qPCR. U6 was used as an internal control.

*P<0.05.

During the experiment, the medium was
refreshed every 3 days. After incubation for
approximately 14 days, the colonies were
stained with 1% crystal violet and a minimum of
50 cells were counted.

Cell cycle analysis

The cell cycle was determined using flow cytom-
etry. Briefly, the transfected cells were harvest-
ed 12 hrs post-radiation with a dose of 8 Gy for
the detection of cells in G1, S and G2 stages
using the cell cycle analysis kit (Genscript)
according to the manufacturer’s instructions.
Finally, the number of cells in G1, S and G2
stages was analyzed using FACS Calibur (BD
Biosciences).
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Luciferase reporter assay

CDC14A3'UTR containing putative miR-630
binding sequence was amplified and insert-
ed downstream of a luciferase reporter gene,
named wild type pmirGLO/CDC14A 3'UTR. In
addition, the mutated CDC14A 3’UTR was gen-
erated using the QuikChange Mutagenesis Kit
(Stratagene) according to the manufacturer’s
instructions. For the luciferase assay, the glio-
ma cells were seeded in 24-well plates and
then co-transfected with miR-630 mimics and
wild type or mutant CDC14A 3'UTR reporter.
The luciferase intensity was measured 48
hrs post-transfection using a Dual-Glo Luci-
ferase Assay System (Promega) according to
the manufacturer’s instructions. The expres-
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sion of Renilla luciferase was used as an endog-
enous control.

In vivo animal study

In this study, the NOD/SCID mice were 6~8
week-old. All procedures during animal ex-
periments were approved and performed by
the Tianjin Medical University’s Institutional
Animal care and the Use Committee. The sub-
cutaneous tumor growth assay was performed
under specific pathogen-free conditions. Briefly,
1x10° glioma cells transfected with miR-630
antagomir (Ribobio, 50 nM) or control were sus-
pended in 100 pl of serum-free medium and
subcutaneously injected into the back of nude
mice. The tumor volumes were measured by
a slide caliper every 5 days and calculated
using the formula (LengthxWidth?)/2. To detect
the tumor radio-sensitivity in vivo, the tumors
were exposed to radiation with a dose of 8
Gy 10 days after injection. Mice were Kkilled
30 days after injection. The xenografts were
imaged and then harvested for the detection
of miR-630 and CDC14A expression.

Statistical analysis

All data were tested in triplicates and expressed
as mean = SD of values from at least three
independent experiments. The statistical anal-
ysis was performed using the GraphPad Prism5
software and differences between two groups
were tested using two-tailed Student’s t-test.
The value of p<0.05 was considered to be sta-
tistically significant.

Results
MiR-630 is downregulated after radiation

To investigate the potential roles of miR-630
in glioma radio-sensitivity, we assessed miR-
630 expression in a panel of glioma cell lines
BT325, U87, U373 and U251 [23], some of
which were reported to have radio-sensitivity.
As shown in Figure 1A, we found that U87 and
U373 had a lower level of miR-630 expression.
In addition, we treated the above cells with 8
Gy of radiation and analyzed miR-630 expres-
sion. We found that miR-630 was decreased
after radiation treatment compared to control
(Figure 1B), suggesting that miR-630 may be
involved in the cell response to radiation. We
then detected the radio-sensitivity of BT325,
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U87, U373 and U251 cells without transfection
of miR-630 using a MTT assay. As shown in
Figure 1C, U87 and U373 cells had a higher
survival fraction than U215 and BT325 cells.
Moreover, we treated U887 and U373 cells with
increasing doses of radiation and discovered
that miR-630 was lower (Figure 1D). These
results indicate that miR-630 expression is
downregulated after radiation and its level in
those cell lines may be positively correlated
with their radio-sensitivity.

MIiR-630 modulates the glioma cell radio-sen-
sitivity and cell proliferation

We inhibited or overexpressed miR-630 by
transient transfection with miR-630 ASO or
miR-630 mimics, respectively. The cells were
exposed to various doses of radiation and sur-
vival fraction was determined. As shown in
Figure 2A, we found that the inhibition of miR-
630 increased the survival fraction of U373
cells compared to control group, while miR-630
overexpression decreased the survival fraction.
Similar results were observed in U87 cells
(Figure 2B). Considering that cell cycle stage
exerts important roles in the cell response to
radio-sensitivity [24], we tested the effect of
miR-630 on cell cycle after radiation using flow
cytometry. As shown in Figure 2C and 2D, miR-
630 inhibition increased the number of cells in
S stage compared to control group.

In addition, we performed colony formation
assay to detect the effect of miR-630 on cell
proliferation after radiation, which is consid-
ered as a canonical method to determine radio-
sensitivity [25]. As shown in Figure 2E and 2F,
we found that miR-630 inhibition increased the
colony number of U87 and U373 cells, while
miR-630 overexpression resulted in opposite
effects. Taken together, these results indicate
that inhibition of miR-630 enhanced the radio-
resistance of glioma cells by promoting G1/S
transition and colony-forming ability.

CDC14A is a direct target of miR-630

By using the miRanda and TargetScan algo-
rithms, we chose CDC14A as a putative target
of miR-630 (Figure 3A). We found that CDC14A
protein level was reduced after the cells were
transfected with miR-630 mimics compared to
control group (Figure 3B). To validate the direct
interaction between miR-630 and CDC14A, a
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Figure 2. miR-630 modulated the radio-sensitivity, G1/S progression and colony formation in glioma cells after
radiation. A, B. U373 and U87 cells were exposed to 8 Gy of radiation after transfection with miR-630 mimics or
miR-630 ASO, and radio-sensitivity was then analyzed using MTT assay. C, D. U373 and U87 cells were exposed to 8
Gy of radiation after transfection with miR-630 ASO, and number of cells in G1, S and G2 stage was measured using
flow cytometry. D, E. U373 and U87 cells were exposed to 8 Gy of radiation after transfection with miR-630 mimics
or miR-630 ASO, and cell proliferation was then analyzed using colony formation assay. *P<0.05.

luciferase reporter construct was created. The were co-transfected with miR-630 and either
CDC14A 3'UTR containing miR-630 binding wild type or mutated CDC14A 3’UTR reporter,
site was subcloned downstream of a lucifer- and subjected to luciferase assay. As shown in
ase reporter gene in parallel with a mutated Figure 3C, we found that miR-630 reduced the
CDC14A 3'UTR shown in Figure 3A. The cells luciferase intensity of CDC14A 3’UTR, while a
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Figure 3. miR-630 downregulated CDC14A expression via direct binding to the 3’'UTR of CDC14A. A. Sequence align-
ment of CDC14A 3’'UTR and miR-630. A mutation was generated within the binding sites (red). B. The cells trans-
fected with miR-630 mimics or control were subjected to Western blotting to analyze CDC14A expression. GAPDH
was used as a loading control. C. The cells were co-transfected with miR-630 and wild type or mutated CDC14A
3’'UTR, and luciferase assay was performed to assess the effect of miR-630 on CDC14A 3'UTR intensity. *P<0.05.

mutation within the binding site abolished the
inhibitory role of miR-630 in CDC14A 3’UTR.
Taken together, these results suggest that
miR-630 downregulates CDC14A expression
through the direct binding to its 3'UTR.

Restoration of CDC14A expression attenuates
the effect of miR-630 on radio-sensitivity and
cell proliferation

To determine whether the effect of miR-630
on radio-sensitivity and cell proliferation was
mediated by the suppression of CDC14A, we
co-transfected U373 or U87 cells with miR-
630 and the CDC14A-overexpressed vector.
CDC14A expression was confirmed by Western
blotting assay (Figure 4A, 4B). MTT assay show-
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ed that overexpression of CDC14A increased
the survival fraction that was inhibited by miR-
630 (Figure 4C, 4D). Cell cycle analysis and
colony formation assay suggested that CDC14A
overexpression increased the number of cells
in S stage and colony number that were sup-
pressed by miR-630, respectively (Figure 4E,
4H). Similar results were shown in U373 and
U87 cells. These data indicate that miR-630
modulates cell radio-sensitivity and prolifera-
tion by downregulating CDC14A.

MiR-630 inhibition enhances the radio-resis-
tance of glioma cells in vivo

Finally, we tried to determine whether miR-630
inhibition enhances the radio-resistance of gli-
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Figure 4. Overexpression of CDC14A attenuated the inhibitory roles of miR-630 in cell response to radiation, G1/S
progression and colony formation in glioma cells after radiation. (A, B) U387 and U87 cells were transfected either
with miR-630 alone or miR-630 and empty vector together or miR-630 and CDC14A-overexpressed vector, and
CDC14A protein level was analyzed using Western blotting assay. GAPDH was used as a loading control. The graph
(B) represented the relative CDC14A protein level. (C, D) U387 and U87 cells were exposed to 8 Gy of radiation after
transfection either with miR-630 alone or miR-630 and empty vector or miR-630 and CDC14A-overexpressed vector,
and radio-sensitivity was then analyzed using MTT assay. (E, F) Cell cycle analysis was determined in cells treated
as above using flow cytometry. (G, H) Cell proliferation was analyzed in cells treated as above using colony formation
assay. *P<0.05.
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Figure 5. miR-630 inhibition enhanced radio-resistance of glioma cells in vivo. (A) Nude mice were subcutaneously
injected with miR-630 antagomir or control, and radiation was delivered to tumors 10 days post-injection. The im-
ages showed the xenografts when the mice were killed on day 30. (B) The volume curve of xenografts treated as
(A). (C) miR-630 expression was measured using gPCR in xenografts generated by IR and either miR-630 antagomir
or control. (D) CDC14A expression was measured using Western blotting in xenografts generated by radiation and
either miR-630 antagomir or control. *P<0.05.

oma cells in vivo. The subcutaneous tumor was injection with miR-630 antagomir (an inhibitor
exposed to 8 Gy of radiation at 10 days after of endogenous miR-630) or control. The vol-
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umes of xenografts were measured every 5
days until the mice were killed at day 30. As
shown in Figure 5A and 5B, we found that
the volumes of xenografts derived from cells
with miR-630 antagomir were larger than that
of control group. In addition, we quantified
miR-630 expression in xenografts tissues and
found that miR-630 expression was signifi-
cantly reduced in xenografts from miR-630
antagomir-transfected cells (Figure 5C), indi-
cating that the injection in the mice was con-
vincible. CDC14A expression was also exam-
ined by Western blotting assay, suggesting
that CDC14A protein level was higher in the
xenografts tissues derived from the cells with
miR-630 antagomir compared to that of con-
trol group (Figure 5D). Taken together, these
data indicate that miR-630 inhibition enhances
the radio-resistance of glioma cells in vivo by
upregulating CDC14A.

Discussion

Although radio-resistance is a challenging ob-
stacle for the effective therapy of glioma, it is
still routinely used in glioma clinical treatment.
Therefore, it is urgent to determine the underly-
ing mechanism as to how glioma cells survive
radiation. Accumulation evidence has demon-
strated that aberrant miRNA expression is
related to the cell response to radiation treat-
ment in diverse cancers. The inhibition of miR-
221 enhances the radio-sensitivity of colorec-
tal carcinoma cells by targeting PTEN [26]. MiR-
124 sensitizes colorectal cancer cells to radia-
tion by downregulating PRRX1 [27]. The direct
suppression of ARRB1 and TXN1 by miR-525-
3p is required for cell survival under radiation
[28]. These studies indicate that miRNAs may
serve as therapeutic targets for modifying the
efficiency of radiotherapy.

In the current study, we found that miR-630
was downregulated in glioma cells after radia-
tion treatment. The in vitro studies showed that
anti-miR-630 enhanced the survival fraction of
glioma cells, increased the number of cells in S
stage and colony-forming ability after radiation
treatment. In contrast, miR-630 overexpres-
sion sensitized the glioma cells to radiation and
suppressed cell proliferation. In addition, the
in vivo study showed that anti-miR-630 could
enhance the radio-resistance of xenografts
bearing with glioma cells. These findings are in
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line with the previous study that miR-630 is
downregulated in human colorectal cancer
after radiation and miR-630 increases the
radio-sensitivity by inducing cell death and
apoptosis through targeting BCL2L2 and TP-
53RK [29]. In addition, a previous study has
shown that the cell cycle regulators (such as
p53 and p21) and cell cycle phase play an
important role in determining radio-sensitivity;
meanwhile, the cells in G2/M phase are most
radio-sensitive, cells in G1 phase are less sen-
sitive, and cells in S phase are least sensitive
[30]. In our study, we also detected the roles
of miR-630 on p53 and p21/WAF1 expression
(Supplementary Figure 1) and found that miR-
630 inhibition did not affect total p53 expres-
sion, but suppressed p53 phosphorylation.
miR-630 inhibition also suppressed p21/WAF1
expression, while miR-630 overexpression re-
sulted in opposite effects. Therefore, we con-
clude that miR-630 inhibition enhances the
radio-resistance of glioma cells by influencing
the cell cycle phase and cell cycle regulators.
However, a previous study demonstrates that
miR-630 is upregulated in radio-resistant cervi-
cal cancer cells; miR-630 overexpression incre-
ases the survival fraction of irradiated cells and
inhibition of MiR-630 reverses the cell radio-
resistance [31]. The different roles of miR-630
in response to radiation in glioma cells and cer-
vical cancer cells may be due to the different
targets of miR-630.

Next, we validated that CDC14A was a direct
target of miR-630. The luciferase assay showed
that miR-630 reduced the luciferase intensity
of CDC14A 3'UTR, but the inhibitory effect of
miR-630 on CDC14A 3'UTR was abrogated
when the binding sites between miR-630 and
CDC14A were mutated. In addition, Western
blotting assay showed that CDC14A protein
level decreased when the cells were transfect-
ed with miR-630. CDC14A expression was in-
creased after radiation (Supplementary Figure
1). Our study found that CDC14A overexpres-
sion could increase the survival fraction, the
number of cells in S stage and colony number
that were inhibited by miR-630 after radiation
treatment. Importantly, the in vivo study also
showed that CDC14A was upregulated in the
xenografts tissues that had a lower miR-630
level. A previous study discovers that human
CDC14A can interact with and dephosphory-
lates the ser315 site of the tumor suppressor
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p53 [32], suggesting that CDC14A may regu-
late the functions of p53, an inducer of cell
cycle arrest. The localization of CDC14A in cen-
trosome makes it closed to some cell cycle
kinases and their substrates such as Cdk1l
[33] and Cdk2 [34], indicating CDC14A may
be involved in the regulation of cell cycle pro-
gression. Moreover, researchers have found
that CDC14A expression in human tumor cell
lines is inversely related to p53, and CDC14A
may inactivate p53 and regulate Cdk/cyclin
B [35]. All these results demonstrate that
CDC14A may regulate cell cycle through the
regulation of p53. In accord with the findings
in the previous studies, our study showed
that CDC14A silencing did not affect p53 ex-
pression, but increased p53 phosphorylation.
CDC14A silencing also increased p21/WAF1
expression. However, miR-630 inhibition sup-
pressed the above effects induced by CDC14A

knockdown (Supplementary Figure 1).

In conclusion, our study indicates that miR-630
was reduced under radiation treatment and
anti-miR-630 enhanced the radio-resistance of
glioma cells by directly targeting CDC14A. The
results suggest that miR-630 may serve as a
therapeutic target for modifying the efficiency
of radiotherapy in glioma patients.
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Supplementary Figure 1. miR-630 and CDC14A regulate cell cycle-related proteins after irradiation. A. U87 and
U373 cells were transfected with either siRNA against CDC14A or siRNA scrambled control or CDC14A siRNA to-
gether with miR-630 ASO or controls, and then subjected to western blot after radiation to detect p53 and p21/
WAF1 expression as well as the phosphorylation of p53. B. U87 and U373 cells transfected with miR-630 ASO or
miRO630 mimics or controls were subjected to western blot to analyze p53 and p21/WAF1 expression as well as
p53 phosphorylation. GAPDH was used as an internal control.



