Cellular and Molecular Biology Amm
E-ISSN : 1165-158X / P-ISSN : 0145-5680 M Publisker

www.cellmolbiol.org

Original Research
miR-214 modulates cisplatin sensitivity of osteosarcoma cells through regulation of

anaerobic glycolysis
Y-D. Song!, D-D. Li?, Y. Guan®, Y-L. Wang?, J. Zheng*

! Department of Orthopedics, General Hospital of Daqing Oil Field, Heilongjiang 163001, China
2 General Hospital of Daqing Oil Field, Heilongjiang 163001, China
3 Department of Orthopedics, First Affiliated Hospital of Harbin Medical University, Harbin 150080, Heilongjiang, China
4 Shenzhen Hospital of Southern Medical University, Shenzhen 518110, China

Correspondence to: jie_zheng5@163.com

Received May 5, 2017; Accepted September 1, 2017; Published September 30, 2017

Doi: http://dx.doi.org/10.14715/cmb/2017.63.9.14

Copyright: © 2017 by the C.M.B. Association. All rights reserved.

- N

Abstract: Osteosarcoma is the most frequent primary bone tumor originating from adolescents and young adults. Despite improvements in the chemo- or radio-

therapy of osteosarcoma patients, survival rate has not increased and drug resistance becomes a major factor that limits the effectiveness. Therefore, investigation
of new treatment modalities is urgently required to optimize therapeutic options. Our previous study described an oncogenic role of miR-214 through promotion of
osteosarcoma cells proliferation. In this study, we report miR-214 contributes to cisplatin resistance in osteosarcoma cells. Overexpression of miR-214 decreased
the cisplatin sensitivity. By establishing an osteosarcoma cisplatin resistant cell line, we find miR-214 is significantly upregulated in cisplatin resistant cells. Moreo-
ver, we show miR-214 promotes anaerobic glycolysis rates of osteosarcoma cells but suppresses mitochondrial oxidative phosphorylation. Consistently, cisplatin
resistant cells exhibit upregulated glycolysis but decreased mitochondrial oxidative phosphorylation, a phenotype called “Warburg effect”. Finally, we demonstrate
inhibition of glycolysis by either glycolysis inhibitor or miR-214 inhibition significantly re-sensitizes cisplatin resistant osteosarcoma cells. In summary, this
study illustrates a miRNA-involved chemosensitivity of osteosarcoma and will contribute to the developments of therapeutic agents for the anti-chemoresistance

treatments.
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Introduction regulate a variety of biological processes of cancer,
including proliferation, differentiation, migration, meta-
Osteosarcoma (OS) is the most frequent primary bolism and apoptosis (8). Moreover, specific miRNAs
bone tumor originated from adolescents and young with essential functions were dysregulated in cancers,
adults (1). The incidence of OS in the general popula- resulting in aberrant gene expression in tumor initiation,
tion is three cases per million per year, with peak occur- development and metastasis (9). MiR-214 have been
rence in a relative late stage, which need radiotherapy implicated in carcinogenesis and tumor progression in
or/and chemotherapy (2). However, osteosarcoma is OS and other cancers (10, 11, 12). Our previous study
notorious for the pool response to chemotherapy espe- reported miR-214 was upregulated in human osteosar-
cially for the young adults and the survival rate has not coma tissues and cells (13). We found miR-214 pro-
increased over the last two decades (3). Cisplatin is a motes the proliferation and invasion of osteosarcoma
well-known chemotherapeutic drug used for treatment cells through direct suppression of LZTS1 (13). In ad-
of numerous human cancers through crosslink with the dition, another study described that miR-214 promotes
purine bases on the DNA to cause DNA damage, and osteosarcoma tumor growth and metastasis by decrea-
subsequently inducing apoptosis in cancer cells (4). sing the expression of PTEN (14), support our previous
Acquirement of drug resistance is a major factor that conclusion that miR-214 acts as an oncogenic miRNA
limits the effectiveness of cisplatin (5). Currently, the in osteosarcoma. However, the precise role of miR-
molecular mechanisms of chemoresistance for osteosar- 214 in chemosensitivity of osteosarcoma cells remains
coma treatments have not been fully understood. Thus, unclear at present. In this study, we demonstrate miR-
improved understanding of the mechanisms underlying 214 promotes the cisplatin resistance in osteosarcoma
osteosarcoma chemoresistance is urgently required to cells. Through establishing cisplatin resistant cell line
optimize therapeutic options. from U20S osteosarcoma cells, the mechanisms for the
MicroRNAs (miRNAs) are a class of small, non- regulating chemosensitivity will be investigated.
coding, single-stranded RNAs that regulate gene ex-
pression through binding to the 3’ untranslated region Materials and Methods
(UTR) of target mRNAs (6, 7). These binding leads
to translational repression and/or degradation of their Cell culture
target mRNAs (6, 7). It is well studied that miRNAs Human OS cell lines, Saos-2 and U20S, were ob-
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tained from Cell Bank of Institute of Biochemistry
and Cell Biology, Shanghai Institutes for Biological
Sciences. Cells were maintained in RPMI 1640 supple-
mented with 10% fetal bovine serum and 100 units/ml
of Penicillin-streptomycin (Invitrogen, Carlsbad, CA).
Cells were cultured at 37 °C in a humidified incubator
containing 5% CO,.

MiRNA mimics and inhibitor transfection

Cells were seeded into six-well plates and transfec-
ted with miR-214 mimics, anti-miR-214 inhibitor or
controls using Lipofectamine RNAi MAX (Invitrogen)
according to the manufacturer’s instructions. Cells were
harvested for assay 48 h after transfection.

Generation of cisplatin resistant cell line

The generation of cisplatin resistant U20S cell line
was performed according to the previous report (15).
Briefly, U20S parental cells were treated with gradually
increased concentrations of cisplatin from 8-48 uM for
the selection of survival cells. After 4 months’ treatment,
survival cell clones were pooled and characterized as
cisplatin resistant cells for the following experiments of
this study.

RNA preparation and quantitative RT-PCR

Total RNA was isolated using TRIzol reagent (Invi-
trogen) according to the manufacturer’s instructions.
qRT-PCR for miR-214 detection was performed using
10 ng total RNA and the TagMan MicroRNA Assay
(Applied Biosystems, Foster City, CA), according to
the manufacturer’s instructions. For glycolytic en-
zyme mRNAs detection, 1 pg of DNAse-treated RNA
was retrotranscribed with the High Capacity cDNA
Reverse Transcription Kit, and qRTPCR carried out
using gene-specific primers on a 7900HT Fast Real
Time PCR System. Quantitative normalization was
performed on the expression of RNU6 small nucleo-
lar RNA or GAPDH genes for miR-214 and glycoly-
tic enzyme mRNAs, respectively. Relative expression
levels between samples were calculated using the com-
parative delta CT (threshold cycle number) method
(224€T), The primers for qPCR are: LDHA: forward:
5’-GGATGAGCTTGCCCTTGTTGA-3’; reverse:
5’-GACCAGCTTGGAGTTCGCAGTTA-3’; PKM2:
forward: 5’-GTCTGGAGAAACAGCCAAGG-3’;
reverse: 5’-CGGAGTTCCTCGAATAGCTG-3’; HK2:
forward: 5’-CAAAGTGACAGTGGGTGTGG-3'; re-
verse: 5'-GCCAGGTCCTTCACTGTCTC-3"; GAPDH:
forward: 5’-AGCTTGTCATCAACGGGAAG-3’; re-
verse: 5’ -TTTGATGTTAGTGGGGTCTCG-3".

Glucose uptake and lactate production assays

The measurements of glucose uptake and lactate
production were performed using the Glucose Uptake
Colorimetric Assay Kit (Biovision, # K676 and the Lac-
tate Colorimetric/Fluorometric Assay Kit (Biovision,
#K607) according to the manufacturer’s instructions.
Equal number of cells were analyzed for each test. Ex-
periments were performed at triplicate and data were
normalized by protein concentration.

Oxygen consumption
The measurements of oxygen consumption were

performed using the Extracellular Oxygen Consump-
tion Assay (Abcam, #ab197243) according to the ma-
nufacturer’s instructions. Equal number of cells were
analyzed for each test. Experiments were performed at
triplicate and data were normalized by protein concen-
tration.

Cell viability assays

The viabilities of osteosarcoma cells in response to
cisplatin were measured by MTT assay according to
previous report (10). Cells were seeded at a density of
2000 cells per well in 96-well plates and cultured for
2 days after transfection. Next, 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazoliumbromide (MTT; Sigma,
St. Louis, MO) reagent (5 mg/ml) was added, followed
by incubation for 4 h. Supernatant fractions were dis-
carded and 150 Il/well of DMSO added to terminate the
reaction. Absorbance readings at 490 nm were obtained
in triplicate using a spectrophotometric plate reader
(Thermo Scientific, Waltham, MA). Results were ave-
raged from three independent experiments.

Western blot analysis

Total proteins were extracted from cells using RIPA
buffer (150 mM NaCl, 1% NP-40, 0.5% sodium deoxy-
cholate, 0.1% SDS, 50 mM Tris—HCI, pH 7.5) plus 1%
complete protease inhibitor. Lysates were clarified via
centrifugation at 13,000 rpm for 5 min at 4 °C, and the
supernatant fractionated using SDS-PAGE and sub-
sequently transferred onto nitrocellulose membrane,
followed by blocking with 5% non-fat milk buffer for
1 hour. Proteins were incubated with anti-HK?2, anti-
LDHA, anti-PKM2 (Cell Signaling #8337) and anti-
GAPDH antibodies (Santa Cruz Biotechnology, Santa
Cruz, CA) at 4 °C for overnight. After washing with
TBST buffer, membranes were incubated with seconda-
ry antibody for 1 hour at room temperature. Membranes
were exposed to LAS 3000 (Fuji Photo Film Co. Ltd.,
Tokyo, Japan).

Statistical analysis

All data are expressed as means + standard deviation
from three independent experiments. Statistical ana-
lyses were performed using SPSS16.0 software (SPSS,
Chicago, IL). The differences between groups were ana-
lyzed using Student’s t-test. P values less than 0.05 were
considered statistically significant.

Results

Overexpression of miR-214 renders osteosarcoma
cells resistant to cisplatin

Our previous study demonstrated an oncogenic role
of miR-214 in osteosarcoma (13), suggesting inhibition
of miR-214 might be an effective therapeutic approach
for the treatments of osteosarcoma patients. To further
investigate the function of miR-214 in chemosensitivity
of osteosarcoma, we tested the cytotoxicity of osteo-
sarcoma cells Saos-2 and U20S in response to in vitro
cisplatin treatments with or without overexpression of
miR-214. As an initial experiment, the miR-214 expres-
sion levels with or without miR-214 mimic transfection
were determined (Fig. 1A). As we expected, Saos-2 and
U20S cells with overexpression of miR-214 showed si-
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Figure 1. Influence of miR-214 on cell viabilities in response to cisplatin treatments. (A) Saos-2 and U20S were transfected with control mimics
or miR-214 mimics for 48 hours. The expressions of miR-214 were detected by qRT-PCR. (B) Saos-2 cells or (C) U20S cells were transfected
with control mimics or miR-214 mimics for 48 hours, followed by cisplatin treatments at the indicated concentrations for 72 hours. Cell viabili-
ties were measured by MTT assay. Independent experiments were performed in triplicate. *, p <0.05; **, p <0.01; **, p <0.001.

gnificantly resistant to cisplatin treatments (Fig. 1B-1C). 214 modulated cisplatin resistance. Since cancer cells
Saos-2 and U20S cells with control miRNAs transfec- exhibit a metabolic reprogramming which have pro-
tion were sensitive to cisplatin with an IC50 around 3.63 found effects on tumorigenesis, we subsequently as-
uM and 8.52 uM, respectively. Overexpression of miR- sessed the metabolism of osteosarcoma cells. Saos-2
214 renders Saos-2 and U20S cells resistant to cisplatin and U20S cells were transfected with control miR,
with an elevated IC50 around 22 uM and 34 uM (Fig. miR-214 mimics or anti-miR-214, the glucose metabo-
1B-1C). Taken together, these results show an oncoge- lism and mitochondrial respiration capacity were mea-
nic role of miR-214, overexpression of which decreases sured. As we expected, onco-miR-214 promoted glu-
the sensitivity of osteosarcoma cells to cisplatin. cose uptake and lactate production of SaoS-2 and U20S
cells (Fig. 3A, 3B). To assess the molecular mechanisms
MiR-214 is upregulated in cisplatin resistant cells of the miR-214 mediated glucose metabolism, we tested
In order to verify the roles of miR-214, we esta- the expressions of enzymes in the glucose metabolism
blished a cisplatin resistant cell lines originating from pathway. The mRNA levels of Hexokinase 2 (HK2),
U20S parental cells. As shown in figure 2A, CDDP PKM2 and LDHA were significantly upregulated in
resistant cells exhibited an increased 1C50 (45.6 uM) miR-214 overexpression osteosarcoma cells (Fig. 3C).
compared with parental cells. Moreover, CDDP resis- In the contrast, the oxygen consumption was decreased
tant cells showed less cytotoxicity under the cisplatin in miR-214 overexpression cells (Fig. 3D). Taken to-
treatment at 15 uM (Fig. 2B). Results in figure 2C de- gether, the above results suggest an oncogenic role of
monstrated miR-214 was significantly upregulated in miR-214 in promoting a metabolic switch from oxida-
U20S cisplatin resistant cells compared with their pa- tive phosphorylation to anaerobic glycolysis.
rental cells, supporting the above results that miR-214
contributes to the cisplatin resistance. Glucose metabolism is elevated in cisplatin resistant
cells
MiR-214 drives a metabolic switch of osteosarcoma To determine whether the miR-214 mediated anae-
cells robic glycolysis is associated with cisplatin sensitivity
We next investigated the mechanisms for the miR- of osteosarcoma cells, we assessed the glucose meta-

bolic rate in cisplatin resistant and sensitive cells. As
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we expected, the glucose uptake and lactate production
were significantly increased in cisplatin resistant U20S
cells compared with its parental cells (Fig. 4A, 4B).
Moreover, the protein and mRNA expression of HK2,
PKM2 and LDHA were upregulated in cisplatin resis-
tant U20S cells (Fig. 4C-4D). The oxygen consump-
tion, was decreased in U20S cisplatin resistant cells
(Fig. 4E). These results indicated a tight association
between miR-214, glycolysis and cisplatin resistance.

Inhibition of glycolysis by glycolysis inhibitor or
miR-214 inhibitor sensitizes cisplatin resistant osteo-
sarcoma cells to cisplatin

The above results revealed the miR-214 mediated
glucose metabolism contributes to cisplatin resistance.
To evaluate whether inhibition of miR-214 could sen-
sitize cisplatin resistant osteosarcoma through suppres-
sion of glycolysis, we tested the cytotoxicity of cisplatin
with combination of glycolysis inhibitor, 2-deoxyglu-
cose (2-DG), which is a clinically relevant inhibitor of
glucose metabolism (16). Treatments with cisplatin and
2-DG induced a significant growth delay of U20S cells
over the 72-h exposure period compared with control
treatment, 2-DG or cisplatin alone (Fig. 5A). Moreover,
we tested the effects of inhibiting miR-214 expression
on the cell viabilities of cisplatin resistant U20S cells.
Transfection of miR-214 inhibitor significantly sup-
pressed the miR-214 expression in cisplatin resistant
cells, compared with control inhibitor (Fig. 5B). As we
expected, cisplatin resistant U20S cells with inhibition
of miR-214 displayed a significant sensitization to cis-
platin (Fig. 5C). Consistently, we observed the glucose
metabolic enzymes were suppressed by miR-214 inhi-
bition in cisplatin resistant U20S cells (Fig. 5D). Taken
together, these data demonstrated targeting miR-214
might be an effective approach for the development of
therapeutic agents against chemoresistance.

Discussion

Our previous studies have shown that miR-214 func-
tions as an oncomiR in human osteosarcoma with the

A B

Glucose uptake Lactate production

H

&8 Parental

ta &8 Parental
B8 U208 cisplatin R £ U208 cisplatin R

g 8

Relative glucose
uptake (%)
Relative lactate

production (%)

o 8

Glycolysis enzymes mRNAs Oxygen consumption

¥

@A Parental 150

58 U208 cisplatin R 6@ Parental

B2 U208 cisplatin R

g 8

Relative mMRNA
expression (%)
H

Relative oxygen
consumption (%)

o 8

o

Hexokinase2 PKM2  LOHA
Figure 4. Cisplatin resistant osteosarcoma cells show increased
glycolysis and decreased oxygen consumption rate. (A) The glu-
cose uptake, (B) lactate production, (C) mRNAs of glycolysis en-
zymes and (D) oxygen consumption rate were compared between
U20S parental and cisplatin resistant cells. Independent experi-
ments were performed in triplicate. *, p <0.05; **, p <0.001.

U20S cisplatin resistant

Expression of miR-214

H

& Control
€23 206 5 mM

3 Cisplatin 10 M
D 2-DG+cisplatin

B8 Negative control
3 miR-214 inhibitor

H

Cell viability (%)
s

Relative
expression (%)
o 8 8 8 B

U20S cisplatin R
Negative miR-214
Control inhibitor

U20S cisplatin resistant

-+ Negative control
- miR-214 inhibitor

- HK2

o PKM2

— LDHA

—— ( p-actin

o
Cisplatin (uM) 0 25 5 10 20 4

Figure 5. Inhibition the miR-214-mediated glycolysis re-sensi-
tizes cisplatin resistant cells. (A) U20S cisplatin resistant cells
were treated with control, 2-DG alone, cisplatin alone or with the
combination of 2-DG and cisplatin for 72 hours. Cell viabilities
were measured by MTT assay. (B) U20S cisplatin resistant cells
were transfected with control or miR-214 inhibitor for 48 hours,
the expression of miR-214 was detected by q-RT-PCR. (C) U20S
cisplatin resistant cells were transfected with control or miR-214
inhibitor for 48 hours, cells were treated with cisplatin at the indi-
cated concentrations, cell viabilities were measured by MTT assay.
(E) The expressions of HK2, PKM2 and LDHA were detected by
Western blot. B-actin was a loading control. Independent experi-
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<0.001.

observation that miR-214 was dramatically upregulated
in osteosarcoma tissues, suggesting its involvement in
carcinogenesis (13). The role of miR-214 in chemosensi-
tivity of osteosarcoma is still unclear. This study reports
miR-214 promotes cisplatin resistance of osteosarcoma
cells, suggesting miR-214 might be a therapeutic target
against chemoresistance of osteosarcoma. Consistently,
another study has reported the similar roles of miR-214
in cisplatin resistance in human ovarian cancer (17).
However, in different tissues, miR-214 acts as reverse
roles. It has been reported miR-214 enhances cisplatin-
induced cytotoxicity via down-regulation of Bcl212 in
cervical cancer cells (18). Moreover, miR-214-3p could
enhances sensitivity to cisplatin in esophageal squamous
cancer cells by different mechanisms (19). The putative
explanations of these discrepancy may due to the diver-
sity of direct targets of miR-214. Recently, the pro-sur-
vival molecule, Bcl212 (18), the inhibitor of apoptosis
molecule, Survivin (19) and the oncogene, c-Myc (20)
have been reported as direct targets of miR-214, sugges-
ting the miR-214-mediated cisplatin sensitization was
through inhibiting survival or oncogenic pathway. In the
contrary, tumor suppressive genes such as PTEN (14,
17), LZTS1 (13), p53 (21) and LHX6 (22) have been
reported as direct targets of miR-214, suggesting miR-
214 contributes to the cisplatin resistance through upre-
gulation of oncogenic pathway. Another explanation of
these discrepancy may due to the tissue specific. It has
been reported miR-214 promoted the cisplatin-induced
cytotoxicity of multiple cancers such as esophageal
squamous cancer (19) and cervical cancer (18). On the
other way, miR-214 increased the cisplatin resistance of
ovarian cancer (17), revealing a tissue specific role of
miR-214 in cisplatin sensitivity of multiple cancers.
Cancer cells exhibit important alterations in their
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metabolism, providing a survival advantages in unfavo-
rable microenvironments (23). A well-studied metabolic
adaptation of tumor cells is a shift to aerobic glycoly-
sis from oxidative phosphorylation (OXPHOS), irres-
pective of oxygen availability (23). This phenomenon
referred to as the “Warburg effect” (24). Moreover,
this metabolic switch has been demonstrated to asso-
ciate with other hallmarks of cancer, such as promotion
of apoptosis resistance, the generation of biosynthetic
precursors for proliferation and increased chemo- or
radio-therapy resistance (25). Currently, the molecular
mechanisms for this metabolic switch and how it contri-
butes to behaviors of cancer cells remain elusive. Our
study reveals miR-214 promotes cisplatin resistance of
osteosarcoma cells. In addition, for the first time, we
provided evidence that miR-214 drives a metabolic
switch of osteosarcoma cells from mitochondrial oxida-
tive phosphorylation to anaerobic glycolysis, consistent
with its oncogenic roles as our early discovery. From
comparison of parental osteosarcoma cells and cisplatin
resistant cells, we showed cisplatin resistant osteosarco-
ma cells displayed increased glycolysis and decreased
mitochondrial oxidative phosphorylation rate. Impor-
tantly, targeting abnormally upregulated glycolysis by
glycolysis inhibitor or inhibiting miR-214 re-sensitized
cisplatin resistant cells. The detailed mechanisms of
how miR-214 regulates glycolysis and oxidative phos-
phorylation in osteosarcoma are under investigation
by us. In our ongoing project, the potential targets of
miR-214 involving in the glucose metabolic pathway
will be identified. Moreover, how the dysregulated glu-
cose metabolism could contribute to chemoresistance
of osteosarcoma will be explored. In general, this study
suggests inhibition of miR-214 might contribute to the
development of anti-chemoresistant drugs against os-
teosarcoma.

References

1. Kansara M, Teng MW, Smyth MJ, Thomas DM. Translational
biology of osteosarcoma. Nat Rev Cancer 2014; 14:722-735.

2. Yang J, Zhang W. New molecular insights into osteosarcoma tar-
geted therapy. Curr Opin Oncol 2013; 25:398-406.

3. O'Kane G, Cadoo KA, Walsh EM, Emerson R, Dervan P, O'Keane
C, et al. Perioperative chemotherapy in the treatment of osteosar-
coma: A 26-year single institution review. Clin Sarcoma Res 2015;
5:17.

4. Dasari S, Tchounwou PB. Cisplatin in cancer therapy: Molecular
mechanisms of action. Eur J Pharmacol 2014; 740:364-378.

5. Galluzzi L, Vitale I, Michels J, Brenner C, Szabadkai G, Harel-
Bellan A, et al. Systems biology of cisplatin resistance: Past, present
and future. Cell Death Dis 2014; 5: ¢1257.

6. Ling H, Fabbri M, Calin GA. MicroRNAs and other non-coding
RNAs as targets for anticancer drug development. Nat Rev Drug
Discov 2013; 12:847-865.

7. Ha M, Kim VN. Regulation of microRNA biogenesis. Nat Rev
Mol Cell Biol 2014; 15:509-524.

8. Lin S, Gregory RI. MicroRNA biogenesis pathways in cancer. Nat

Rev Cancer 2015; 15:321-333.

9. Hayes J, Peruzzi PP, Lawler S. MicroRNAs in cancer: Biomar-
kers, functions and therapy. Trends Mol Med 2014; 20:460-469.

10. Zhang Q, Zhang S. miR-214 promotes radioresistance in human
ovarian cancer cells by targeting PETN. Biosci Rep. 2017; 37.

11. Feng Y, Duan F, Liu W, Fu X, Cui S, Yang Z. Prognostic value
of the microRNA-214 in multiple human cancers: a meta-analysis
of observational studies. Oncotarget. 2017 May 6. [Epub ahead of
print].

12. Liao J, Lin J, Lin D, Zou C, Kurata J, Lin R, He Z, Su'Y. Down-
regulation of miR-214 reverses erlotinib resistance in non-small-cell
lung cancer through up-regulating LHX6 expression. Sci Rep. 2017;
7:781.

13. Xu Z, Wang T. MiR-214 promotes the proliferation and invasion
of osteosarcoma cells through direct suppression of LZTS1. Bio-
chem Biophys Res Commun 2014; 449: 190-195.

14. Liu CJ, Yu KL, Liu GL, Tian DH. MiR-214 promotes osteosar-
coma tumor growth and metastasis by decreasing the expression of
PTEN. Mol Med Rep 2015; 12: 6261-6266.

15. Barr MP, Gray SG, Hoffmann AC, Hilger RA, Thomale J, O'Fla-
herty JD, et al. Generation and characterisation of cisplatin-resistant
non-small cell lung cancer cell lines displaying a stem-like signa-
ture. PLoS One 2013; 8: €54193.

16. Pelicano H, Martin DS, Xu RH, Huang P. Glycolysis inhibition
for anticancer treatment. Oncogene 2006; 25: 4633-4646.

17. Yang H, Kong W, He L, Zhao JJ, O'Donnell JD, Wang JW, et
al. MicroRNA expression profiling in human ovarian cancer: MiR-
214 induces cell survival and cisplatin resistance by targeting PTEN.
Cancer Res 2008; 68: 425-433.

18. Wang F, Liu M, Li X, Tang H. MiR-214 reduces cell survival
and enhances cisplatin-induced cytotoxicity via down-regulation of
Bcl212 in cervical cancer cells. FEBS Lett 2013; 587: 488-495.

19. Phatak P, Byrnes KA, Mansour D, Liu L, Cao S, Li R, et al.
Overexpression of miR-214-3p in esophageal squamous cancer cells
enhances sensitivity to cisplatin by targeting survivin directly and
indirectly through CUG-BP1. Oncogene 2016; 35: 2087-2097.
20.Li QQ, Xie YK, Wu Y, Li LL, Liu Y, Miao XB, Liu QZ, Yao KT,
Xiao GH. Sulforaphane inhibits cancer stem-like cell properties and
cisplatin resistance through miR-214-mediated downregulation of
¢c-MYC in non-small cell lung cancer. Oncotarget. 2017; 8: 12067-
12080.

21. Xu CX, Xu M, Tan L, Yang H, Permuth-Wey J, Kruk PA, Wen-
ham RM, Nicosia SV, Lancaster JM, Sellers TA, Cheng JQ. MicroR-
NA MiR-214 regulates ovarian cancer cell stemness by targeting
p53/Nanog. J Biol Chem. 2016; 291: 22851.

22. Liao J, Lin J, Lin D, Zou C, Kurata J, Lin R, He Z, Su'Y. Down-
regulation of miR-214 reverses erlotinib resistance in non-small-cell
lung cancer through up-regulating LHX6 expression. Sci Rep. 2017;
7:781.

23. Martinez-Outschoorn UE, Peiris-Pagés M, Pestell RG, Sotgia F,
Lisanti MP. Cancer metabolism: A therapeutic perspective. Nat Rev
Clin Oncol 2017; 14: 11-31.

24. Vander Heiden MG, Cantley LC, Thompson CB. Understanding
the Warburg effect: The metabolic requirements of cell proliferation.
Science 2009; 324: 1029-1033.

25. Rahman M, Hasan MR. Cancer metabolism and drug resistance.
Metabolites 2015; 5: 571-600.

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 9

79



