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Abstract Metastasis-associated lung adenocarcinoma tran-
script 1 (MALATT1) is a IncRNA playing oncogenic role in
several cancers, including cervical cancer. However, its role in
radiosensitivity of cervical cancer is not yet well understood.
This study explored the role of MALAT1 in radiosensitivity of
high-risk human papillomavirus (HR-HPV)-positive cervical
cancer and whether there is a ceRNA mechanism which par-
ticipated in its regulation over radiosensitivity. Based on tissue
samples from 50 cervical cancer cases and 25 healthy controls,
we found MALAT1 expression was significantly higher in
radioresistant than in radiosensitive cancer cases. In addition,
MALAT1 and miR-145 expression inversely changed in re-
sponse to irradiation in HR-HPV+ cervical cancer cells. By
using clonogenic assay and flow cytometry analysis of cell
cycle distribution and apoptosis, we found CaSki and Hela
cells with knockdown of MALAT1 had significantly lower
colony formation, higher ratio of G2/M phase block and
higher ratio of cell apoptosis. By performing RNA-binding
protein immunoprecipitation (RIP) assay and RNA pull-
down assay, we confirmed that miR-145 and MALAT1 were
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in the same Ago2 complex and there was a reciprocal repres-
sion between them. Then, we explored the function of
MALAT1-miR-145 in radiosensitivity of cervical cancers
cells and demonstrated that si-MALAT1 and miR-145 had
some level of synergic effect in reducing cancer cell colony
formation, cell cycle regulation, and inducing apoptosis.
These findings provide an important clue about microRNA-
IncRNA interaction in the mechanism of radioresistance of
cervical cancer.
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Introduction

Cervical cancer is the third most common female malignancy
[1]. The most common treatments are surgery or a combina-
tion of chemotherapy and radiotherapy [2]. Radiotherapy is
usually prescribed for patients who are not tolerant for a major
operation or the cancer has spread into the tissues or lymph
nodes surrounding the cervix [2]. However, the underlying
mechanism of radioresistance is not clear, making identifica-
tion and treatment of radioresistant cervical cancer an un-
solved problem [3].

Infection of high-risk human papillomavirus (HR-HPV),
such as HPV-16 and HPV-18, is known as the major risk
factor of cervical cancer [4]. These viral infection causes ab-
errant expression and constitutive activation of oncogenic
molecule, leading to cervical carcinogenesis [5]. Long non-
coding RNAs (IncRNAs) are non-protein coding transcripts
longer than 200 nucleotides [6]. It is increasingly understood
that IncRNAs are important molecules involved not only in
normal development but also in tumorigenesis [7]. In fact,
there are emerging evidence showing that IncRNAs are
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involved in pathological development of cervical cancer [8].
For example, MEG3 (maternally expressed 3) is a IncRNA
playing tumor suppressor role in several cancers by inducing
cell cycle arrest and apoptosis [9—12]. Reduced MEG3 expres-
sion is associated with increased cervical cancer cell prolifer-
ation [12]. Metastasis-associated lung adenocarcinoma tran-
script 1 (MALAT1) is a IncRNA dramatically upregulated due
to HPV infection in cervical cancer [13]. MALAT1 is capable
of promoting cervical cancer cell proliferation partially
through decreasing cell cycle regulation molecules cyclinD1,
cyclinE, and CDK6 in CaSki cells, thereby suppressing cell
cycle transition [13]. In addition, one recent study found the
MALAT1-miR-124-RBG2 axis is involved in growth and in-
vasion of HR-HPV-positive cervical cancer cells [14].
However, its role in regulating radiosensitivity of cervical
cancer has not yet been studied.

MiR-145 is a tumor suppressive miRNA usually downreg-
ulated in cervical cancer. Its tumor suppressive role is partially
achieved through regulating cell cycle-related proteins, such
as CDK6 [15], CDK2 [16], and Cyclin D1 [17]. But how it is
downregulated in cervical cancer is not clear. In the current
study, we firstly reported that MALAT1 can modulate
radioresistance of cervical cancer and its upregulation directly
decreases miR-145 expression.

Methods
Human specimens

This study was approved by the ethics committee of the First
Hospital of Qinhuangdao. Fifty HR-HPV+ cervical patients
histologically diagnosed as IIB and IIIA stage were recruited
from the hospital from 2013 to 2014. The patients had never
received previous chemo- or radiotherapy. All of them were
given standard, pelvic radiation therapy, concurrent cisplatin-
containing chemotherapy, and brachytherapy as recommend-
ed by the 2013 NCCN Clinical Practice Guideline in
Oncology for Cervical Cancer [18]. Radiosensitivity was
assessed 6 months after radiotherapy through histological ex-
amination of colposcopically directed biopsy of residual tu-
mor tissues. Informed consent was obtained from all of the
participants.

Cell culture

HPV-18-positive human cervical cancer cell lines HeLa and
HPV-16-positive CaSki cell lines were grown in RPMI-1640
medium (Gibco-BRL, USA) supplemented with 10 % fetal
bovine serum (HyClone, USA). All cells were cultured in a
humidified atmosphere containing 5 % CO, at 37 °C.
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Transfection reagent and cell transfection

Two candidates of si-MALAT1 were chemically synthesized by
RiboBio (Shanghai, China). Preliminary experiments were per-
formed in both CaSki and Hela cells to identify the most efficient
siRNA sequences. Briefly, CaSki and Hela cells were transfected
with 100-nM MALAT1 siRNA and the negative control using
Lipofectamine 2000 (Invitrogen). The most efficient siRNA se-
quences: sense 5'-GAGGUGUAAAGGGAUUUAUTT-3', anti-
sense 5'-AUAAAUCCCUUUACACCUCTT-3" were used for
the following studies. To overexpress miR-145 in CaSki and
Hela cells, the cells were transfected with 100-nM miR-145
mimics (Ribobio) and the negative control using Lipofectamine
2000 (Invitrogen). MALAT1 knockdown or miR-145 overex-
pression was verified using qRT-PCR 24 h after transfection.

QRT-PCR analysis of MALAT1 and miR-145 expression

Total RNA in tumor and normal tissues was extracted using
the RNeasy kit (Qiagen) according to the manufacturer’s in-
structions. cDNA was reversely transcribed using the
PrimeScript® RT reagent kit (TaKaRa). MALAT1 expression
level was quantified using the following primers: forwards: 5'-
AGGCGTTGTGCGTAGAGGA-3'; reverse: 5'-
GGATTTTTACCAACCACTCGC-3" and SYBR® Premix
DimerEraser kit (TaKaRa) in an ABI Prism 7500 (Applied
Biosystems). GAPDH was used as the endogenous control
gene. QRT-PCR analysis of miR-145 was performed using
TagMan MicroRNA Assay Kit (Applied Biosystems) with
U6 snRNA served as the endogenous control.

To quantify pri-miR-145 and pre-miR-145 expression,
gRT-PCR was performed using the following primers: pri-
miR-145, forward: 5-TGGATTTGCCTCCTTCCCA-3’ and
reverse: 5S-TTGAACCCTCATCCTGTGAGCC-3'; pre-miR-
145, forward: 5'-GTCCAGTTTTCCCAGGAATC-3' and re-
verse: 5'-AGAACAGTATTTCCAGGAAT-3', and SYBR®
Premix DimerEraser kit (TaKaRa) in an ABI Prism 7500
(Applied Biosystems). (3-actin served as the endogenous
gene. Each test was carried out in triple replication, and the
expression change was quantified using 2 >““T method.

Irradiation

Cells of different conditions (MALAT1 knockdown, miR-145
overexpression, or combined MALAT 1 knockdown and miR-
145 overexpression) were irradiated in 25-T flasks. Cells were
exposed to 0-, 2-, 4-, 6-, and 8-Gy treatment using a linear
accelerator. For time-course experiments, cells were sham ir-
radiated or received 2 Gy and were collected every 2 h within
24 h post-irradiation. MALAT1 and miR-145 expression was
quantified using qRT-PCR. For clonogenic assay, 1x10” to
1x10° cells (according to the radiation dose) were plated in
six-well plates immediately after irradiation and were further
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cultured for another 12 days. The colonies were fixed with
glutaraldehyde (6.0 % v/v) and stained with crystal violet
(0.5 % w/v). Colonies (>50 cells) were counted using a ste-
reomicroscope. The surviving fraction was defined as the
number of colonies/number of plated cells. All the procedures
were repeated in triplicate.

Flow cytometry analysis of cell cycle distribution
and apoptosis

Twenty-four hours after 0- or 10-Gy irradiation treatment,
cells were harvested and fixed with 70 % ethanol. To assess
the distribution of cells in different phases, cells were stained
with 20 pg/mL PI (Sigma) and 100 pg/mL RNase A in PBS
for 15 min at room temperature. To identify cells with active
caspase-3, cells were stained using Fluorescein Active
Caspase-3 Staining Kit (Abcam, ab65613) according to the
manufacturers’ instructions. DNA content and cells with ac-
tive caspase-3 were analyzed on FACSCalibur (BD
Bioscience). Data acquisition was performed using
CellQuest 3.2 software (BD Bioscience). Each test was carried
out in triplicate.

RNA-binding protein immunoprecipitation assay

RIP assay was performed using the Magna RIP RNA-Binding
Protein Immunoprecipitation Kit (Millipore) following the
manufacturer’s protocol. Briefly, Hela cells were lysed by
RIP lysis buffer. Then, 100-pL cell extract was incubated with
RIP buffer containing magnetic beads conjugated with human
anti-Ago2 antibody (Millipore) or negative control (normal
mouse IgG, Millipore). After the antibody was recovered by
protein A/G beads, qRT-PCR was performed to detect
MALAT]1 and miR-145 level in the precipitates.

RNA pull-down assay

To explore whether MALAT1 is associated with the RISC
complex, we performed RNA pull-down assay using synthe-
sized MALATT1 as a probe and to detect Ago2 from the pellet
using western blot and miR-145 using qRT-PCR. Briefly, the
DNA fragment with the whole MALAT1 sequence was PCR
amplified using a T7-containing primer and then cloned into
pCRS (Invitrogen). Besides, IncRNA 10c285194 [19] was also
cloned and used as the positive control in RNA pull-down
assay. The resultant plasmid DNA was linearized using restric-
tion enzyme Notl. Biotin-labeled RNAs were reversely tran-
scribed using Biotin RNA Labeling Mix (Roche Diagnostics,
USA) and T7 RNA polymerase (Roche, Switzerland). The
products were treated with RNase-free DNase I (Roche,
USA) and purified with the RNeasy Mini Kit (Qiagen,
USA) and were further used for the extraction of RNA for

gRT-PCR or for western blot analysis according to method
described in the previous study [20].

Statistical analysis

Data analysis was performed using SPSS 17.0. Data were
represented as mean+standard deviation (SD) based on at
least three repeats. Group difference was assessed using
Student’s ¢ test. P<0.05 was considered as statistically signif-
icant. *, ** and *** denote significance at 0.05, 0.01, and
0.001 level, respectively.

Results

MALAT1 and miR-145 expression inversely changes
in response to irradiation in HR-HPV+ cervical cancer

The basic characteristics of the 21 radiosensitive and 29
radioresistant cases were summarized in Table 1. MALAT1
expression in radioresistant and radiosensitive cancer cases
was quantified. QRT-PCR analysis showed that MALAT1 ex-
pression was substantially higher in the radioresistant than that
in the radiosensitive cases (Fig. 1a). Then, we measured miR-
145 expression in the cancer cases and analyzed its correlation
with MALAT1. The results showed that MALAT1 expression
was negatively correlated to that of miR-145 (P<0.0001)
(Fig. 1b). Due to inverse expression trend of MALAT1 and
miR-145, we decided to explore their expression changes in
response to ionizing radiation. In both CaSki and Hela cells,
miR-145 was significantly downregulated since the 4th hour
after irradiation exposure (Fig. 1c, d). In contrast, MALAT1
showed an inverse tendency. Its expression was significantly
upregulated since the 2nd hour after irradiation exposure
(Fig. le, f). These results suggest that MALAT1 and miR-
145 expression inversely changes in response to irradiation
in HR-HPV+ cervical cancer.

Table 1  The key characteristics of radiosensitive and radioresistant
patients
Variables Sensitive (n=21) Resistant (n1=29) P value
Age (mean+SD) 38+3 41+4 0.002
Cancer stages
1B 14 17 0.56
A 7 12
HPV infection
HPV-16 13 15 0.48
HPV-18 8 14
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MALATT1 increases radioresistance of HR-HPV+ cancer
cells

To explore the role of MALAT1 in radiosensitivity of the cancer
cells, we firstly knocked down endogenous MALAT1 in HR-
HPV-16+ CaSki and HR-HPV-18+ Hela cells using MALAT 1
siRNA (Fig. 2a). Knockdown of MALATT1 significantly re-
duced colony formation rate of both CaSki (Fig. 2b) and Hela
(Fig. 2c) cells under irradiation. By assessing cell cycle distri-
bution of the cells, we found si-MALAT1 significantly de-
creased the ratio of cells in G1 phase but increased the cells in
G2/M phase in both CaSki (Fig. 2d1-3) and Hela (Fig. 2e1-3)
cells, no matter with or without irradiation exposure. Cells are
most sensitive to radiation in G2 phase before mitosis and are
least sensitive in the mid- to late S and early G1 phases.
Therefore, the function of MALATT1 in radiosensitivity might
be related its role in cell cycle regulation. Besides, we also
observed that si-MALAT]1 increased apoptosis of both CaSki
(Fig. 2f1 and 3) and Hela (Fig. 2g1 and 3) and enhanced apo-
ptosis under irradiation (Fig. 22 and 3, g2 and 3). These results
suggest that MALAT1 can modulate radiosensitivity of HR-
HPV+ cancer cells through regulating cell cycle progression.
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MALATT1 directly interacts with miR-145 and decreases
its expression

We then explored how miR-145 expression is regulated in
HR-HPV+ cervical cancer. Through searching in online

Fig. 2 MALAT1 increases radioresistance of HR-HPV+ cancer cells (a) P
qRT-PCR analysis of MALAT1 expression in CaSki and Hela cells
transfected with si-MALAT1. (b and ¢) The clonogenic survival curves
were compared in CaSki (b) and Hela (c) cells with or without MALAT1
knockdown. Forty-eight hours after transfection, cells were irradiated by
the indicated dose and a clonogenic assay was performed 12 days after
irradiation. (d1, d2, el, and e2) Representative images of flow cytometry
analysis of cell cycle phases of CaSki (d/ and d2) and Hela (e/ and e2)
cells transfected with si-MALAT 1 without irradiation (d/ and e/) or 24 h
exposed to 10 Gy (d2 and e2). Cells were stained with propidium iodide
for flow cytometry analysis. (43 and e3) Quantitative analysis of CaSki
(d3) and Hela (e3) cells in different cell phases shown in d/, d2 and e, e2.
(1, 12, g1, and g2) Representative images of flow cytometry analysis of
CaSki (f1 and f2) and Hela (g/ and g2) cells with active caspase-3
transfected with si-MALATIwithout irradiation (f/ and g/) or 24 h
exposed to 10 Gy (f2 and g2). (3 and g3) Quantitative analysis of
CaSki (f3) and Hela (g3) cells with active caspase-3 showed in f1, f2,
and g/, g2. *P<0.05; **P<0.01, ***P<0.001
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bioinformatics database (starBase, v2.0, http://starbase.sysu.

edu.cn/), we observed that miR-145 has

site with MALAT1 (Fig. 3a). To further verify the mutual

a putative binding  influence between miR-145 and MALAT1, CaSki and Hela

@ Springer


http://starbase.sysu.edu.cn/
http://starbase.sysu.edu.cn/

1688

Tumor Biol. (2016) 37:1683-1691

A .
miR-145 3’ —tccctaaggacCCTTTTGACCTg-5’
MALAT1 5 —aagtttgaagtGGAAAACTGGAa—3’
chr11:65267120-65267142
B. c D
Eg 8 = caski gg‘: 35: = caski
EE’: O Hela §::’ %g’: 1 Hela
R ] R
282 28 2e
- o L o
&
_E
i G H
%l.o 2 :::‘:““:s Input  Ago2  IgG Input Beads MALAT1 LOC
ﬁlo.s | C — I | — —
go.o g 15 -
_g g E ;I:L-:!ri E g 10 = § i“g:::ﬁ
F Hela £s £4
=2 £g 5
1.5 g 2 =
2
1.0 :l :::T.:::::s Input Ago2 _ Input Ago2 € " eads MALATI Loc

| o
w

Relative expression (225°T)
-
o

L A £ ~
& *,;J"« & \;J«
& &

Fig. 3 MALAT! interacts with miR-145 and reduces its expression. a
Predicted binding sites between MALAT1 and miR-145. b qRT-PCR
analysis of miR-145 levels in CaSki and Hela cells transfected with 100
nM miR-145 mimics. ¢ qRT-PCR analysis of MALAT]1 levels in CaSki
and Hela cells 48 h after transfection with miR-145 mimics. d qRT-PCR
analysis of miR-145 expression in CaSki and Hela cells 48 h after
transfection with si-MALAT1. e, f qRT-PCR analysis of pri-miR-145
and pre-miR-145 expression in CaSki (e) and Hela (f) cells 48 h after
transfection with 100nM si-MALAT1. g Association of MALAT1 and

cells were firstly transfected with miR-145 mimics (Fig. 3b).
MiR-145 overexpression significantly decreased MALAT1
level (Fig. 3¢). On the contrary, knockdown of MALAT]1 sig-
nificantly increased miR-145 level (Fig. 3d), suggesting a re-
ciprocal interaction between MALAT1 and miR-145. To fur-
ther explore the underlying mechanism of negative regulation
of MALAT1 over miR-145, we examined the expression of
pri-miR-145 and pre-miR-145 in response to MALAT1
knockdown. Knockdown of MALAT1 had almost no effect
on the expression of pri-miR-145 and pre-miR-145 in both
CaSki and Hela cells (Fig. 3¢, f). Therefore, MALAT1-
mediated negative regulation of miR-145 is probably through
a posttranscriptional mechanism.

Since miRNAs exert gene silencing through RISC [21], we
hypothesized that MALAT1 and miR-145 might be in the
same RISC complex. Therefore, we performed a RIP assay
using antibody against Ago2, a core component of RISC
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miR-145 with Ago2. Cellular lysates from Hela cells were used for RIP
assay with Ago2 antibody. Ago2 was detected using IP-western (up
panel). MALAT1 and miR-145 level were detected using qRT-PCR
(down panel). h Identification of MALAT1 and miR-145 in the same
RISC complex by RNA pull-down assay. Pull-down of Ago2 by biotin-
labeled MALAT1 or 10oc285194 RNA probe was detected by western
blotting (up panel). MiR-145 in the RNA-precipitated samples was
detected using qRT-PCR (down panel). *P<0.05; **P<0.01,
**%P<0.001

complex necessary for siRNA or miRNA-mediated gene si-
lencing [22]. The results showed that Ago2 antibody precipi-
tated the Ago2 protein from the cell lysates (Fig. 3g, up panel).
QRT-PCR analysis detected higher miR-145 and MALAT1 in
the Ago2 pellet than that in the input control (Fig. 3g, down
panel). To further confirm that miR-145 and MALAT1 are in
the same Ago2 complex, we synthesized biotin-labeled
MALAT1 RNA probe and mixed with the cellular extract.
After pull-down experiment with streptavidin beads, we de-
tected Ago2 by western blot analysis, suggesting MALAT1
directly interacted with Ago2 (Fig. 3h, up panel). In addition,
we also detected a significant amount of miRNA-145 in the
MALAT1 pulled down pellet, while the amount of miR-145 in
the 10c285194 pulled down pellet was only slightly in-
creased compared with control (Fig. 3h, down panel).
These results suggest that MALAT1 is a bona fide
miR-145-targeting IncRNA.
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MALAT-miR-145 axis can regulate radiosensitivity
of HR-HPV+ cancer cells

Considering the verified regulation of MALAT1 over miR-
145 expression, we further explored whether this axis is in-
volved in radiosensitivity of HR-HPV+ cancer cells. MiR-145
overexpression can significantly decrease colony formation
rate under irradiation in both CaSki (Fig. 4a) and Hela
(Fig. 4b) cells. Simultaneous MALAT1 knockdown and
miR-145 overexpression had a more evident effect than
miR-145 alone. We then examined the role of MALAT1-
miR-145 axis in cell cycle change and apoptosis under
irradiation treatment. Enforced miR-145 expression

enhanced G2/M phase block (Fig. 4c, d) and cell apo-
ptosis (Fig. 4e, f). In addition, simultaneous MALAT1
knockdown and miR-145 overexpression had a stronger
effect than miR-145 alone. These results suggest that
MALATI1-miR-145 axis can regulate radiosensitivity of
HR-HPV+ cancer cells.

Discussion
Increased MALAT1 is associated with tumorigenesis of sev-

eral types of cancer, such as lung cancer [23], colorectal can-
cer [24], gastric cancer [25], and cervical cancer [13]. One
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can regulate radiosensitivity of
HR-HPV+ cancer cells. Analysis s 1; 5 1
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recent study showed that MALAT 1 expression in the cervical
cancer tissues is remarkably higher than that in non-neoplastic
tissues [13], suggesting MALAT1 is involved in tumorigene-
sis of cervical cancer. Another study reported that downregu-
lation of MALAT1 can compromise the cytoplasmic translo-
cation of hnRNP C in the G2/M phase and results in G2/M
arrest [26]. In gastric cancer, MALAT1 can recruit SF2/ASF,
promoting cell proliferation through facilitating cell cycle pro-
gression [25]. Silencing of MALAT1 in esophageal squamous
cell carcinoma cells can significantly suppress the cell prolif-
eration via G2/M cell cycle arrest [27]. In cervical cancer,
suppressing endogenous MALAT1 can decrease expression
of cell cycle regulation molecules cyclinD1, cyclinE, and
CDKG6 in CaSki cells, thereby suppressing cell cycle transition
[13]. Therefore, MALAT1 might play a vital role in cell cycle
regulation. In fact, dysregulated cell cycle control is closely
related to radiosensitivity of cancer cells. In the current study,
we observed significantly increased MALAT1 expression in
radioresistant cervical cancer tissues than that in radiosensitive
cases. In addition, we also found MALAT1 and miR-145 ex-
pression inversely changed in response to irradiation in HR-
HPV+ cervical cancer cells.

Considering the crucial role of MALATT in cell cycle con-
trol and its upregulation in radioresistant cases, we decided to
further explore its roles in radiosensitivity of cervical cancer.
In an in vitro study, CaSki and Hela cells with knockdown of
MALATT had significantly lower capability of colony forma-
tion, higher ratio of G2/M phase block, and higher ratio of cell
apoptosis. Under irradiation treatment, si-MALAT1 further
enhanced these effects. These results suggest that MALAT1
can modulate cell proliferation and apoptosis of cervical can-
cer cells and also modulate the effect of radiotherapy.

MiR-145 plays a tumor suppressor role in several types of
cancer, such as gastric cancer [17], hepatic cancer [28], breast
cancer [29], and non-small cell lung cancer [30]. In these
cancers, the tumor suppressive role of miR-145 is partially
achieved through regulating cell cycle-related proteins, such
as CDKG6 [15], CDK2 [31], and Cyclin D1 [17]. Therefore,
miR-145 is an important miRNA involved in cell cycle regu-
lation, which means it may participate in regulation of radio-
sensitivity. In fact, one recent study found that overexpression
of miR-145 or knockdown of DNMT3b sensitizes prostate
cancer cells to X-ray radiation [32]. In HPV-positive cervical
cancer cells, induction of E6 proteins significantly reduces
p53 and miR-145 expression, leading to reduced
chemotherapy-induced apoptosis [33]. However, the mecha-
nism involved in its downregulation in cervical cancer is not
clearly demonstrated.

Recently, the concept of competing endogenous RNAs
(ceRNAs) has been introduced to explain a novel regulatory
mechanism of RNA. This concept indicates that RNAs can
cross-talk with each other through competing shared for
miRNAs and thus impose another level of posttranscriptional
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regulation [34]. HR-HPV infection significantly increases
MALATT1 expression [13]. Through searching in online bio-
informatics databases, we found MALAT1 has a putative
binding site with miR-145. Since regression analysis of
MALAT1 and miR-145 expression in the cancer cases showed
a negative correlation, we explored whether ceRNA is in-
volved in lowered miR-145 expression in cervical cancer.
By using RIP and RNA pull-down assay, we confirmed that
MALAT1 and miR-145 are in the RISC complex and there is a
reciprocal interaction between them. We further explored the
function of MALAT 1-miR-145 axis in radiosensitivity of cer-
vical cancer cells and demonstrated that si-MALAT1 and
overexpressing miR-145 has some level of synergic effect in
reducing cancer cell colony formation, cell cycle regulation,
and inducing apoptosis.

Conclusion

In conclusion, this study showed that the MALAT1-miR-145
axis is involved in radioresistance of cervical cancer and there
is a reciprocal repression between MALAT1 and miR-145.
This provides an important clue about IncRNA-miRNA inter-
action in the mechanisms of radioresistance of cervical cancer.
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