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Radiotherapy is a major therapeutic strategy for breast cancer, while cancer radioresis-
tance remains an obstacle for the successful control of the tumor. Novel radiosensitizing
targets are to be developed to overcome radioresistance. Recently, long non-coding RNAs
(IncRNAs) were proved to play critical roles in cancer progression. Among all, IncRNA HO-
TAIR was found to participate in cancer metastasis and chemoresistance. In the present
study, we aimed to investigate the radiosensitizing effects of targeting HOTAIR and the un-
derlying mechanism. Our data showed that HOTAIR (HOX antisense intergenic RNA) was
up-regulated in breast cancer cells and tissues, and the expression of HOTAIR increased
following irradiation. Knockdown of HOTAIR inhibited cell survival and increased cell apop-
tosis in response to ionizing radiation. Moreover, compared with control group, radiation
induced more DNA damage and cell cycle arrest in HOTAIR knockdown cells. Finally, we
found that the radiosentizing effects of HOTAIR were related to the up-regulation of miR-218,
a ceRNA of HOTAIR. In conclusion, our finding showed that HOTAIR inhibition sensitizes
breast cancer cells to ionizing radiation, induced severe DNA damage and activated apop-
tosis pathways, suggesting a possible role of HOTAIR as a novel target for breast cancer
radiosensitization.

Introduction

Breast cancer is the most frequent cancer among women worldwide [1]. For patients receiving
breast-conserving surgery and node-positive patients, radiotherapy plays critical roles in the recurrence
control and exhibits beneficial influence on the overall survival [1,2]. However, irradiation on normal
tissues with high doses of radiation results in severe toxicity, which limits the further application of radio-
therapy [2,3]. Novel strategies for radiosensitization in breast cancer were urgently required to reduce the
radiation doses in radiotherapy.

Long non-coding RNAs (IncRNAs) (more than 200 nucleotides) are a class of newly identified
non-coding transcripts, which were mistaken as transcriptional noise [4,5]. Recently, accumulating ev-
idence suggests that IncRNAs play critical roles in regulating multiple biological processes through bridg-
ing the interaction and regulation among protein, DNA, as well as RNA expression [5]. And many IncR-
NAs were identified as oncogenic or tumor suppressors, which indicate critical roles of these non-coding
transcripts. First, IncRNAs were demonstrated to regulate gene expressions as a cis-regulator, as it is corre-
lated with its neighboring genes [6]. Further study has proved that IncRNA could bind to critical proteins
through a direct interaction, and exert regulatory functions [7-10]. For example, IncRNA TDRGI en-
hances tumorigenicity in endometrial carcinoma by directly binding with VEGEF-A protein [11]. Recently,
several studies showed that IncRNA can serve as a ‘sponge’ to titrate microRNAs and prevent them from
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binding to mRNAs [12]. And many IncRNAs were proved to bind to their ceRNA through base paired mechanism,
and participate in various biological processes.

Out of cancer-associated IncRNAs, HOTAIR (HOX antisense intergenic RNA) is the most up-regulated in breast
cancer [13]. And the aberrant expression of HOTAIR was related with the poor prognosis of breast [14,15]. HOTAIR
could also regulate cancer proliferation as well as metastasis, and confer to tamoxifen resistance [16,17]. Through a
ceRNA mechanism, HOTAIR inhibits miR-7 and regulates the EMT of breast cancer stem cells by down-regulating the
STAT3 Pathway [18]. Previous study has also demonstrated that small peptides targeting HOTAIR inhibited growth
of breast cancer cells [19]. It was reported that HOTAIR affected radiosensitivity in MDA231 cells [20], but the under-
lying mechanism remains unclear. In the present study, we found that down-regulation of HOTAIR sensitizes breast
cancer cells to ionizing radiation through regulation on miR-218, which provided novel mechanism and target for
breast cancer radiotherapy.

Materials and methods

Cells and transfection

Human breast cell lines MCF-7, SKBR3, and MDA-231 (ATCC, U.S.A.) were used in our study. MCF-7 and MDA231
cells were maintained in DMEM medium, and SKBR3 cells were maintained in RMPI1640 medium. All media were
supplemented with 10% fetal bovine serum (Gibco, U.S.A.) supplemented with penicillin (100 U/ml) and strepto-
mycin (100 pg/ml). Along the culture, cells were kept in a humid air at 37°C with the percentage of CO, at 5%. In
order to knock down HOTAIR, cells were transfected with HOTAIR shRNA (Genemediate Biological Tech., China)
by using a Lipofectamine 3000 transfection reagent (Invivogen, U.S.A.) according to the manufacturer’s instructions.

CCKS8 assay

After different treatments, cell proliferation was measured by using a CCKS8 kit (Beyotime, China). Six thousand cells
were seeded in each well of 96-well plates, at 12 h after which cells were irradiated with different doses of radiation.
Finally, cells were incubated with CCK8 solution and the density was measured with 570 nm light. Experiments were
conducted for five independent times.

Cell survival assay

Cell survival was determined with a colony formation assay. Briefly, cells were seeded at indicated number (according
to the radiation doses) in 6-well plates, after which cells were irradiated with a ®*Co irradiator. Ten days later, cells
were fixed and stained with 0.1% crystal violet. And the colonies were counted manually.

Cell apoptosis and cell cycle
For cell apoptosis analysis, an Annexin V-FITC and PI apoptosis kit (Beyotime, China) were used according to the
manufacturer’s instructions. Briefly, after different treatments, cells were stained with Annexin V-FITC for 20 min at
room temperature in dark. Just before sampling, cells were stained with PI and subjected to flowcytometry analysis
(BD, U.S.A.). For cell cycle analysis, fixed cells were treated with RNase and PI for 30 min, and subjected to flowcy-
tometry analysis as previously described [21].

Tissue samples and real-time PCR assay

Paired breast cancer tissues and adjacent normal tissues resected surgically used for qRT-PCR were collected from
10 breast cancer patients during operation at Changhai Hospital (Shanghai, China). Then the samples were kept in
—80°C, and were used for RNA extraction as well as real-time PCR analysis. For tissues and cells, after extraction
of RNA with TRIZOL reagent (Invivogen, U.S.A.), cDNA was synthesized with a first strand cDNA synthesis kit
(Takara, Dalian, China) according to the manufacturer’s instructions. And the expression of IncRNA HOTAIR was
measured by using a SYBR real-time PCR kit (Takara, Dalian, China). The primers were used from previous study
[22] listed as follows: GAPDH, F: GCACCGTCAAGGCTGAGAAC, R ATGGTGGTGAAGACGCCAGT; HOTAIR,
F: GGTAGAAAAAGCAACCACGAAGC, R: ACATAAACCTCTGTCTGTGAGTGCC.

Western blotting

Western blotting was used to detect the protein expression level as previously described [23]. In our present study,
proteins in apoptosis pathway including caspase 3 (1:1000, CST, U.S.A.), bax (1:1000, CST, U.S.A.), and bcl2 (1:1000,
CST, U.S.A.) were determined. And [3-actin (1:2000, Abcam, U.S.A.) was used as an internal control.
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Figure 1. Expression of IncRNA HOTAIR in breast cancer tissues and cells

Expression of IncRNA HOTAIR was examined by real-time PCR assay in breast cancer tissues and normal tissues (A), as well as
in breast cancer cells (B). We also measured the level of HOTAIR at different times in MCF-7 cells in response to different doses
of ionizing radiation (C and D). For kinetics of HOTAIR expression, cells were irradiated with a single radiation of 8Gy. *P<0.05,
**P<0.01 vs the control groups.

Statistical analysis

All the experiments were conducted at least for three independent times. And the data were expressed as mean +
SEM. The data were analyzed by two-way ANOVA followed by two-tailed Student’s t-test. P<0.05 was considered as
statistical significant.

Results

Expression of IncRNA HOTAIR in breast cancer tissues and cell lines
IncRNA HOTAIR was found to be up-regulated in many tumors. First, we examined the expression of HOTAIR in
10 paired breast cancer tissues and found that HOTAIR increased significantly in cancer tissues, compare with the
normal tissues (Figure 1A). Then we compared the level of HOTAIR in different breast cancer cell lines (Figure 1B).
To study the response of HOTAIR to ionizing radiation, we checked the expression of HOTAIR in cells exposed to
different doses of radiation. Our data showed that radiation elevated the expression of HOTAIR at 6, 12, and 24 h after
irradiation, which peaked at 12 h (Figure 1C). For dose response, we found that other than 2, 4, and 8 Gy irradiation
caused significant increase in HOTAIR (Figure 1D).

Knockdown of IncRNA HOTAIR increased cellular sensitivity to IR
To study the role of HOTAIR in radiosensitivity, we used a siRNA to knock down the level of HOTAIR (Figure 2A). It
was found that IncRNA HOTAIR knockdown resulted in slower proliferation and survival after exposure to radiation,
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Figure 2. Knockdown of IncRNA HOTAIR increased cellular sensitivity to IR

A siRNA was used to knock down HOTAIR in MCF7 cells (A). Cell proliferation was measured by using a CCK8 assay in wild-type
and HOTAIR knockdown cells (B). We measured cell apoptosis in MCF7 cells and HOTAIR knockdown cells using an Annexin
V and PI double staining kit (C and D). (E) Cell survival data in irradiated normal control cells and HOTAIR knockdown cells. (F)
Representative images of Western blot analysis of bax and caspase 3 with/without radiation treatment in normal and HOTAIR
knockdown cells. *P<0.05, **P<0.01 vs the control groups.
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Figure 3. Knockdown of IncRNA HOTAIR promoted DNA damage and cell cycle arrest
Comet assay showed that cells with HOTAIR knockdown were more susceptible to ionizing radiation (A, B). Cell cycle assay showed
that more G2/M arrest was found in HOTAIR knockdown cells (C). *P<0.05 vs the control groups.

compared with the normal control group (Figure 2B,C). HOTAIR down-regulation also increased radiation-induced
cell apoptosis (Figure 2D), and activated apoptotic signaling proteins, such as bax and caspase 3 (Figure 2E). These
data indicate that targeting HOTAIR might be a potential strategy for radiosensitization in breast cancer.

Knockdown of IncRNA HOTAIR promoted DNA damage and cell cycle

arrest

Ionizing radiation causes DNA damage, mainly including double-strand break and single-strand break, which ini-
tiates the downstream signaling pathways involving cell apoptosis and cell cycle arrest. We used a comet assay to
determine DNA damage caused by irradiation, and found that the HOTAIR deficient cells were more susceptible to
radiation-induced DNA damage (Figure 3A,B). Cell cycle assay showed that more G2/M arrest was induced in the
HOTAIR knockdown cells (Figure 3C), which indicate accumulation of unrepaired DNA damage.

IncRNA HOTAIR regulates cellular radiosensitivity through regulating
miR-218

IncRNA could work as a ceRNA sponging with miRNA through which participating in many biological processes. It
hasbeen reported that IncRNA HOTAIR suppressed miR-218 and contributes to 5FU resistance. In our present study,
we found that miR-218 was up-regulated in HOTAIR knockdown cells and down-regulated in tumors (Figure 4A, B),
and miR-218 level was significantly inhibited by its inhibitor (Figure 4C). miR-218 inhibitor reduced cell apoptosis in
HOTAIR knockdown cells after irradiation (Figure 4D). miR-218 also promoted the repair of radiation-induced DNA
damage in HOTAIR deficient groups (Figure 4E). These data indicated that IncRNA HOTAIR-miR-218 signaling
might accounts for the mechanism of radiosensitization.
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Figure 4. IncRNA HOTAIR regulates cellular radiosensitivity through interacting with miR-218
miR-218 was found increased in HOTAIR knockdown cells after 8 Gy irradiation, and decreased in breast cancer tissues (A and

B). And miR-218 inhibitor attenuated radiation induced apoptosis and DNA damage in HOTAIR knockdown cells (C-E). *P<0.05,
**P<0.01 vs the control groups.

Discussion

Overcoming radioresistance is critical for controlling tumor growth as well as lowering the radiation doses in normal
tissues during radiotherapy. However, there is no ideal therapeutic strategy for radiosensitization in breast cancer in
clinical. Recently, IncRNA was proved to exert significant roles in the development and progression of cancer. Among
all IncRNAs, HOTAIR was up-regulated in many cancers, including gastrointestinal stromal tumors, cervical cancer,
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lung cancer, as well as breast cancer [24-27]. In this study, we demonstrated that IncRNA HOTAIR plays a critical role
in radiation resistance of breast cancer cells. And knockdown of HOTAIR increased cellular sensitivity to ionizing
radiation through miR-218.

Recently, several studies have demonstrated that IncRNA HOTAIR was involved in the regulation of breast cancer
proliferation, metastasis, and invasion. Xue et al. reported that IncRNA HOTAIR activates ER signaling and confers
tamoxifen resistance in breast cancer [28]. It was also demonstrated that HOTAIR single nucleotide polymorphism
was a marker of the risk of breast cancer [29]. And several studies have identified that inhibition of HOTAIR by
tumor-specific peptides or calycosin and genistein exhibited tumor therapeutic effects on breast cancer [,30]. Several
miRNAs were also reported to regulate growth of breast cancer cells through inhibiting HOTAIR [18]. However, there
is no study showing the effects of HOTAIR on radiosensitivity of breast cancer cells. In the present study, we found
that IncRNA was up-regulated in breast cancer cells, and knockdown of HOTAIR increased cell apoptosis induced by
IR. HOTAIR down-regulation also results in more DNA damage compared with the single radiation groups. It was
also found that HOTAIR confers to platinum resistance through activation of DNA damage response, HOTAIR also
activates NF-kB [31]. DNA damage induced the expression of HOTAIR was also dependent on the status of p53 [32],
which indicates that HOTAIR plays a role in p53-regulated DNA damage response. HOTAIR was found to link DNA
damage and NF-kB signaling [31], which also promote cell survival in response to irradiation. However, the specific
mechanism of HOTAIR in DNA damage and radioresistance remains unclear.

Mechanically, IncRNA could work as a ceRNA sponging with its target miRNA and exert different functions. It has
been demonstrated that IncRNA HOTAIR binds with many miRNA including miR-130a, miR-218, miR-7, miR-203,
etc. in gallbladder cancer, hepatocellular carcinoma, or renal cancer cells [33-35]. Binding sites of these miRNAs have
been identified within the sequence of HOTAIR. And after binding, HOTAIR reduced the level of miRNA through
a ceRNA sponging mechanism, which results in a up-regulation of miRNA targets and changes in signaling trans-
duction. In our study, we found that miR-218 might be a potential target of IncRNA HOTAIR. Moreover, miR-218
was found to inhibit tumor suppressing genes and regulate chemoresistance in breast cancer cells [36,37]. Surpris-
ingly, miR-218 was also reported to increase radiosensitivity in human cervical cancer [38]. Thus in this study, we
investigated the role of HOTAIR-miR-218 axis on radiosensitivity of breast cancer cells. And we found that miR-218
was up-regulated in HOTAIR knockdown cells, and the up-regulation of miR-218 promoted cells apoptosis and DNA
damage after irradiation, suggesting miR-218 as a potential target of HOTAIR in the regulation of radiosensitivity of
breast cancer. It has been proved that miR-218 is tumor suppressive, and inhibits gastric cancer as well as oral cancer
[39,40]. miR-218 also regulates DNA damage and cisplatin resistance through targeting BRCA1, which is involved
in DNA repair [41]. Moreover, miR-218 inhibits carboplatin resistance in A549 and H1975 cells through targeting
Mcl-1 and Survivin, suggesting a role of miR-218 in apoptosis [42]. These findings suggest that HOTAIR-miR-218
interaction might account for the mechanism of radiosensitivity and DNA damage repair.

In conclusion, our data showed that IncRNA HOTAIR was up-regulated in breast cancer, and HOTAIR inhibition
resulted in a radiosensitive phenotype. Knockdown of HOTAIR caused more cell apoptosis and DNA damage through
releasing its sponging miR-218. Our data suggest a novel therapeutic target of IncRNA HOTAIR-miR-218 axis in
breast cancer.

Competing Interests
The authors declare that there are no competing interests associated with the manuscript.

Funding
This work was supported by Military Youth Funding [grant number 17QNP012].

Author Contribution
X.H. and J.C. designed and performed experiments, analyzed data, and made figures. D.D. and J.Z. performed experiments and
analyzed data. J.C. conceived the idea and prepared manuscript.

Abbreviations
HOTAIR, HOX antisense intergenic RNA; IncRNA, long non-coding RNA.

References
1 Majeed, W., Aslam, B., Javed, I. et al. (2014) Breast cancer: major risk factors and recent developments in treatment. Asian Pac. J. Cancer Prev. 15,
3353-3358, https://doi.org/10.7314/APJCP.2014.15.8.3353

(© 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons 7
Attribution License 4.0 (CC BY).


https://doi.org/10.7314/APJCP.2014.15.8.3353

o = PORTLAND
09 rress

Bioscience Reports (2019) 39 BSR20181038
https://doi.org/10.1042/BSR20181038

2 Sandoo, A, Kitas, G.D. and Carmichael, A.R. (2015) Breast cancer therapy and cardiovascular risk: focus on trastuzumab. Vasc. Health Risk Manag. 11,
223-228, https://doi.org/10.2147/VHRM.S69641

3 Wu, X, Wu, M.Y,, Jiang, M. et al. (2017) TNF-« sensitizes chemotherapy and radiotherapy against breast cancer cells. Cancer Cell Int. 17,13,
https://doi.org/10.1186/s12935-017-0382-1

4 Prensner, J.R. and Chinnaiyan, A.M. (2011) The emergence of IncRNAs in cancer biology. Cancer Discov. 1, 391,
https://doi.org/10.1158/2159-8290.CD-11-0209

5 Quinn, J.J. and Chang, H.Y. (2015) Unique features of long non-coding RNA biogenesis and function. Nat. Rev. Genet. 17, 47,
https://doi.org/10.1038/nrg.2015.10

6 Paraskevopoulou, M.D., Georgakilas, G., Kostoulas, N. et al. (2013) DIANA-LncBase: experimentally verified and computationally predicted microRNA
targets on long non-coding RNAs. Nucleic Acids Res. 41, D239, https://doi.org/10.1093/nar/gks1246

7 Ferré, F, Colantoni, A. and Helmercitterich, M. (2016) Revealing protein-IncRNA interaction. Brief. Bioinform. 17, 106,
https://doi.org/10.1093/bib/bbv031

8 Kim, J., Abdelmohsen, K., Yang, X. et al. (2016) LncRNA 0IP5-AS1/cyrano sponges RNA-binding protein HuR. Nucleic Acids Res. 44, 2378-2392,
https://doi.org/10.1093/nar/gkw017

9 Klingenberg, M., GroB, M., Goyal, A. et al. (2018) The IncRNA CASC9 and RNA binding protein HNRNPL form a complex and co-regulate genes linked to
AKT signaling. Hepatology 68, 1817-1832, https://doi.org/10.1002/hep.30102

10 Liu, S., Zhu, J., Jiang, T. et al. (2015) Identification of IncRNA MEG3 binding protein using MS2-tagged RNA affinity purification and mass spectrometry.
Appl. Biochem. Biotechnol. 176, 1834—1845, https://doi.org/10.1007/s12010-015-1680-5

11 Chen, S., Wang, L.L., Sun, K.X. et al. (2018) LncRNA TDRG1 enhances tumorigenicity in endometrial carcinoma by binding and targeting VEGF-A
protein. Biochem. Biophys. Acta 1864, 3013-3021, https://doi.org/10.1016/j.bbadis.2018.06.013

12 Cesana, M., Cacchiarelli, D., Legnini, . et al. (2011) A long noncoding RNA controls muscle differentiation by functioning as a competing endogenous
RNA. Cell 147, 358-369, https://doi.org/10.1016/j.cell.2011.09.028

13 Xue, X., Yang, Y.A., Zhang, A. et al. (2016) LncRNA HOTAIR enhances ER signaling and confers tamoxifen resistance in breast cancer. Oncogene 35,
2746-2755, https://doi.org/10.1038/0onc.2015.340

14 Lai, Y., Chen, Y., Lin, Y. and Ye, L. (2017) Down-regulation of LncRNA CCAT1 enhances radiosensitivity via regulating miR-148b in breast cancer. Cell
Biol. Int.

15 Qiu, Y., Zhang, H., Luo, P. and Hospital, J.C. (2017) Correlation between long noncoding RNA (IncRNA) and radiotherapy sensitivity in multidrug resistant
breast cancer patients. Pract. J. Cancer

16 Avazpour, N., Hajjari, M. and Tahmasebi Birgani, M. (2017) HOTAIR: a promising long non-coding RNA with potential role in breast invasive carcinoma.
Front. Genet. 8, 170, https://doi.org/10.3389/fgene.2017.00170

17 Cheng, C., Qin, Y., Zhi, Q., Wang, J. and Qin, C. (2018) Knockdown of long non-coding RNA HOTAIR inhibits cisplatin resistance of gastric cancer cells
through inhibiting the PI3K/Akt and Wnt/beta-catenin signaling pathways by up-regulating miR-34a. Int. J. Biol. Macromol. 107, 2620-2629,
https://doi.org/10.1016/j.ijbiomac.2017.10.154

18 Zhang, H., Cai, K., Wang, J. et al. (2015) MiR-7, Inhibited Indirectly by LincRNA HOTAIR, directly inhibits SETDB1 and reverses the EMT of breast cancer
stem cells by downregulating the STAT3 pathway. Stem Cells 32, 2858-2868, https://doi.org/10.1002/stem.1795

19 ﬁzeg, A., Wang, Y., Zong, X., Fang, F, Pilrose, J. and Nephew, K. (2017) Therapeutic targeting using tumor specific peptides inhibits long non-coding
RNA HOTAIR activity in ovarian and breast cancer. Sci. Rep. 7, 894, https://doi.org/10.1038/s41598-017-00966-3

20 Yun, Z., Wang, C., Xia, L., Wu, C. and Yin, H. (2017) Long non-coding RNA HOTAIR enhances radioresistance in MDA-MB231 breast cancer cells. Oncol.
Lett. 13, 1143-1148, https://doi.org/10.3892/01.2017.5587

21 Pozarowski, P. and Darzynkiewicz, Z. (2004) Analysis of cell cycle by flow cytometry. Methods Mol. Biol. 281, 301-311

22 Li, P, Zhang, X., Wang, L. et al. (2017) IncRNA HOTAIR contributes to 5FU resistance through suppressing miR-218 and activating NF-kappaB/TS
signaling in colorectal cancer. Mol. Ther. Nucleic Acids 8, 356—369, https://doi.org/10.1016/j.omtn.2017.07.007

23 Tao, D.D., Jiang, M., Wu, J.H., Feng, Y.D. and Gong, J.P. (2004) Western blot analysis and flow cytometric analysis of estrogen and progesterone
receptors in fixed breast cancer cells. Chin. J. Cancer 23, 339-341

24 Fagoonee, S. and Durazzo, M. (2017) HOTAIR and gastric cancer: a lesson from two meta-analyses. Panminerva Med. 59, 201-202

25 Liu, M.Y,, Li, X.Q., Gao, T.H. et al. (2016) Elevated HOTAIR expression associated with cisplatin resistance in non-small cell lung cancer patients. J.
Thorac. Dis. 8, 3314-3322, https://doi.org/10.21037/jtd.2016.11.75

26 Wu, X., Cao, X. and Chen, F. (2017) LncRNA-HOTAIR activates tumor cell proliferation and migration by suppressing MiR-326 in cervical cancer. Oncol.
Res., https://doi.org/10.3727/096504017X15037515496840

27 Zhang, K.J., Zhang, Y., Luo, Z.L. et al. (2016) Long non-coding RNA HOTAIR in plasma as a potential biomarker for breast cancer diagnosis. Nan Fang Yi
Ke Da Xue Xue Bao 36, 488-492

28 Xue, X., Yang, Y.A,, Zhang, A. et al. (2016) LncRNA HOTAIR enhances ER signaling and confers tamoxifen resistance in breast cancer. Oncogene 35,
2746-2755, https://doi.org/10.1038/0nc.2015.340

29 Bayram, S., Stimbiil, A.T., Batmac, C.Y. and Geng, A. (2015) Effect of HOTAIR rs920778 polymorphism on breast cancer susceptibility and
clinicopathologic features in a Turkish population. Tumor Biol. 36, 3863-3870, https://doi.org/10.1007/s13277-014-3028-0

30 Chen, J., Lin, C., Yong, W., Ye, Y. and Huang, Z. (2015) Calycosin and genistein induce apoptosis by inactivation of HOTAIR/p-Akt signaling pathway in
human breast cancer MCF-7 cells. Cell. Physiol. Biochem. 35, 722-728, https://doi.org/10.1159/000369732

31 ('jzeg, A.R., Miller, D.F. et al. (2016) NF-xB-HOTAIR axis links DNA damage response, chemoresistance and cellular senescence in ovarian cancer.
Oncogene 35, 5350-5361, https://doi.org/10.1038/0nc.2016.75

(© 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons

Attribution License 4.0 (CC BY).


https://doi.org/10.2147/VHRM.S69641
https://doi.org/10.1186/s12935-017-0382-1
https://doi.org/10.1158/2159-8290.CD-11-0209
https://doi.org/10.1038/nrg.2015.10
https://doi.org/10.1093/nar/gks1246
https://doi.org/10.1093/bib/bbv031
https://doi.org/10.1093/nar/gkw017
https://doi.org/10.1002/hep.30102
https://doi.org/10.1007/s12010-015-1680-5
https://doi.org/10.1016/j.bbadis.2018.06.013
https://doi.org/10.1016/j.cell.2011.09.028
https://doi.org/10.1038/onc.2015.340
https://doi.org/10.3389/fgene.2017.00170
https://doi.org/10.1016/j.ijbiomac.2017.10.154
https://doi.org/10.1002/stem.1795
https://doi.org/10.1038/s41598-017-00966-3
https://doi.org/10.3892/ol.2017.5587
https://doi.org/10.1016/j.omtn.2017.07.007
https://doi.org/10.21037/jtd.2016.11.75
https://doi.org/10.3727/096504017X15037515496840
https://doi.org/10.1038/onc.2015.340
https://doi.org/10.1007/s13277-014-3028-0
https://doi.org/10.1159/000369732
https://doi.org/10.1038/onc.2016.75

Bioscience Reports (2019) 39 BSR20181038
https://doi.org/10.1042/BSR20181038

32 Liu, H., Li, Z., Wang, C. et al. (2016) Expression of long non-coding RNA-HOTAIR in oral squamous cell carcinoma Tca8113 cells and its associated
biological behavior. Am. J. Transl. Res. 8, 4726

33 Fu, W.M., Zhu, X., Wang, W.M. et al. (2015) Hotair mediates hepatocarcinogenesis through suppressing miRNA-218 expression and activating P14 and
P16 signaling. J. Hepatol. 63, 886—895, https://doi.org/10.1016/j.jhep.2015.05.016

34 Ma, M.Z., Li, C.X., Zhang, Y. et al. (2014) Long non-coding RNA HOTAIR, a c-Myc activated driver of malignancy, negatively regulates miRNA-130a in
gallbladder cancer. Mol. Cancer 13, 156, https://doi.org/10.1186/1476-4598-13-156

35 Xu, F. and Zhang, J. (2017) Long non-coding RNA HOTAIR functions as miRNA sponge to promote the epithelial to mesenchymal transition in
esophageal cancer. Biomed. Pharmacother. 90, 888-896, https://doi.org/10.1016/j.biopha.2017.03.103

36 He, X., Xiao, X., Dong, L. et al. (2015) MiR-218 regulates cisplatin chemosensitivity in breast cancer by targeting BRCA1. Tumour Biol. 36, 20652075,
https://doi.org/10.1007/s13277-014-2814-z

37 Hu, Y, Xu, K. and Yague, E. (2015) miR-218 targets survivin and regulates resistance to chemotherapeutics in breast cancer. Breast Cancer Res. Treat.
151, 269-280, https://doi.org/10.1007/s10549-015-3372-9

38 Yuan, W., Xiaoyun, H., Haifeng, Q. et al. (2014) MicroRNA-218 enhances the radiosensitivity of human cervical cancer via promoting radiation induced
apoptosis. Int. J. Med. Sci. 11, 691-696, https://doi.org/10.7150/ijms.8880

39 Tie, J., Pan, Y., Zhao, L. et al. (2010) MiR-218 inhibits invasion and metastasis of gastric cancer by targeting the Robo1 receptor. PLoS Genet. 6,
€1000879, https://doi.org/10.1371/journal.pgen.1000879

40 Uesugi, A., Kozaki, K., Tsuruta, T. et al. (2011) The tumor suppressive microRNA miR-218 targets the mTOR component rictor and inhibits AKT
phosphorylation in oral cancer. Cancer Res. 71, 5765, https://doi.org/10.1158/0008-5472.CAN-11-0368

41 He, X, Xiao, X., Dong, L. et al. (2015) MiR-218 regulates cisplatin chemosensitivity in breast cancer by targeting BRCA1. Tumor Biol. 36, 2065-2075,
https://doi.org/10.1007/s13277-014-2814-z

42 Zarogoulidis, P., Petanidis, S., Kioseoglou, E., Domvri, K., Anestakis, D. and Zarogoulidis, K. (2015) MiR-205 and miR-218 expression is associated with
carboplatin chemoresistance and regulation of apoptosis via Mcl-1 and Survivin in lung cancer cells. Cell Signal. 27, 1576—1588,
https://doi.org/10.1016/j.cellsig.2015.04.009

(© 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution

License 4.0 (CC BY).

«. 2 PORTLAND
09 press


https://doi.org/10.1016/j.jhep.2015.05.016
https://doi.org/10.1186/1476-4598-13-156
https://doi.org/10.1016/j.biopha.2017.03.103
https://doi.org/10.1007/s13277-014-2814-z
https://doi.org/10.1007/s10549-015-3372-9
https://doi.org/10.7150/ijms.8880
https://doi.org/10.1371/journal.pgen.1000879
https://doi.org/10.1158/0008-5472.CAN-11-0368
https://doi.org/10.1007/s13277-014-2814-z
https://doi.org/10.1016/j.cellsig.2015.04.009

