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MiR-21 enhanced glioma cells resistance to
carmustine via decreasing Spry2 expression
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Abstract. - OBJECTIVE: Gliomas are accom-
panied with high mortality owning to their inva-
sive peculiarity and vulnerability to drug resis-
tance. miR-21 is a vital oncogenic miRNA that
regulates drug resistance of tumor cells. This
study aims to elucidate the function of miR-21
in human glioma cells resistant to carmustine
(BCNU) and to demonstrate the underlying mo-
lecular mechanism.

MATERIALS AND METHODS: BCNU-sensitive
cells (SWOZ2 cells) were transfected with miR-
21 agomir and negative control, and BCNU-
resistance cells (SWOZ2-BCNU cells) were
transfected with miR-21 antagomir and negative
control. The Real-time fluorescence quantitative
PCR was used to detect and compare the levels
of miR-21expression between SWOZ2-BCNU
and SWOZ2 cells. The drug sensitivity of these
cells to BCNU was determined by Cell Counting
Kit-8 (CCK-8) assay. The protein expression of
Spry2 was detected by Western blotting.

RESULTS: The expression level of miR-21 was
remarkably higher in SWOZ2-BCNU cells than
that in SWOZ2 cells. The half-maximal inhibitory
concentration (IC50) of BCNU was obviously higher
for SWOZ2-BCNU cells than that for SWOZ2 cells.
Besides, we found that aberrant expression of miR-
21 in SWOZ2-BCNU cells is responsible for glioma
BCNU-resistance. Consistently, Spry2 protein
levels were significantly reduced in SWOZ2-BCNU
as well as in miR-21 agomir-transfected cells,
inversely correlated to miR-21 expression. The
results of si-Spry2 co-transfection suggested that
the effect of miR-21 on glioma BCNU-resistance is
mediated through Spry2.

CONCLUSIONS: miR-21enhancestheresistance
of human glioma cells to BCNU by decreasing the
expression of Spry2 protein. Thus, Spry2 may
be a novel therapeutic target for treating glioma
BCNU-resistance.
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Introduction

Glioma is one of the most common primary
brain tumors with high mortality and morbidity
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worldwide. Nowadays, strategies to treat these
tumors include surgery, radiation therapy and
chemotherapy. Despite advances in these strate-
gies, the prognosis for glioma has not significant-
ly improved recently', and the ineffectiveness of
current treatments can be ascribed to chemo-re-
sistance partially. Recent studies have shown
that glioma is resistant to the cytotoxic effects of
chemotherapeutics®?. Therefore, here is a need to
develop novel therapeutic targets to optimize the
effectiveness of chemotherapeutic.

MicroRNAs (miRNAs) are small non-co-
ding RNAs that can bind to target mRNA par-
tially or fully, leading to mRNA degradation or
translational inhibition. Besides, miRNAs are
reported to be involved in cell differentiation,
apoptosis, proliferation and cancer*’. Particu-
larly, studies have found multiple miRNAs that
are associated with neural diseases and brain
tumors®’. Among these miRNAs, miR-21 is an
important oncogenic miRNA that can regulate
drug resistance of tumor cells®. Previous rese-
arch demonstrated that miR-21 could regulate
multiple genes, including PTEN, RECK and
MARCKS in some types of cancers’'?. Be-
sides, mounting evidence has suggested that
miR-21 was over-expressed in glioma tissues
and cell lines as well. A study® reported that
miR-21 inhibitor therapy can sensitize glio-
blastomas resistant cells to anthracyclines by
enhancing apoptosis. Thus, miR-21 level can
be useful to determine the chemotherapy re-
sponse of glioma. However, the underlying me-
chanism of miRNA-21 function in glioma che-
motherapy-resistance is not fully discovered.
Carmustine (1,3-bis (2-chloroethyl)-1-nitro-
sourea, BCNU) is currently one of the standard
adjuvant chemotherapy for glioma owning to
its ability easy through the blood brain barrier.
Thus, this study aims to elucidate the function
of miR-21 in human glioma cells resistant to
carmustine (BCNU) and to demonstrate the
underlying molecular mechanism.
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Materials and Methods

Cell Line and Reagents

Human SWOZ2 and SWOZ2-BCNU glioma
cells were obtained from School of Medicine Pa-
thology Department of Jinan University (Guan-
gzhou, China). Rabbit polyclonal anti-Spry2 was
purchased from Upstate Biotechnology (Lake
Placid, NY, USA). miR-21 agomir and antagomir
as well as siRNA against Spry2 were obtained
from Ribobio Biological Technology Company
(Guangzhou, Guangdong, China).

Cell Culture and Transfection

SWOZ2 and SWOZ2-BCNU glioma cells were
cultured in Dulbecco’s modified Eagle medium
(DMEM), high glucose supplemented with 10%
fetal bovine serum (FBS), 100 units/mL penicillin
and 100 mg/ml streptomycin. All cells were main-
tained in a humidified incubator at 37°C with 5%
CO2. SWOZ2 glioma cells were exposed to miR-
NA agomir vs. negative control (50 nM, RiboBio,
Guangzhou, Guangdong, China) for 48 h. miRNA
antagonist and negative control (100 nM, RiboBio,
Guangzhou, Guangdong, China) were transient-
ly transfected into SWOZ2-BCNU glioma cells
which stably reduced miR-21 expression accor-
ding to the manufacturer’s instructions, respecti-
vely. The transfected efficiencies were verified by
quantitative Real-time PCR (qRT-PCR). Besides,
SWOZ2-BCNU glioma cells were co-transfected
with miR-21 antagomir and Si-Spry2 (75 nM) for
48 h. Glioma cells were transfected at approxima-
tely 50-70% confluence according to the manu-
facturer’s instructions after 24 h of culture.

RNA Extraction and Real-time Reverse
Transcription-PCR for miRNA Detection
Total RNA was extracted from SWOZ2 and
SWOZ2-BCNU glioma cells using TRIzol rea-
gent (Life Technologies Corporation, Carlsbad,
CA, USA) according to manufacturer’s in-
structions. The RNA concentration was measu-
red by 260-280 nm absorbance using a Nanodrop
Spectrophotometer (ND-100, Thermo Fisher,
Waltham, MA, USA). ¢cDNA from total RNA
was synthesized using Bio-Rad ScriotTM ¢cDNA
synthesis Kit (Hercules, CA, USA). cDNA from
miRNAs was generated using the Bulge-LoopTM
miRNA gPCR primer Set (RiboBio, Guangzhou,
Guangdong, China) with TaKaRa SYBR Premix
Ex TaqTM (TaKaRa, Dalian, China) in the ABI-
7900 Real-time PCR Detection System (Foster
City, CA, USA). PCR cycling conditions were 3
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min at 95°C and then 40 cycles of 15 s at 95°C
and 1 min at 60°C. The primers of hsa-miR-21
and U6 were synthesized by Applied Bio-Systems
(Foster City, CA, USA). U6 were used as an in-
ternal normalized reference for miR-21 expres-
sions, respectively. Expressions were normalized
to endogenous controls and fold change in gene
expression was calculated as2-AACt.

Protein Extraction and Western Blotting

Total proteins were isolated after solubilization in
lysis buffer. The concentration of protein samples was
evaluated by bicinchoninic acid (BAC) Protein Assay
Kit (Thermo Fisher, Waltham, MA, USA). The same
amounts of protein (30 mg) were separated in sodium
dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and blotted onto polyvinylidene fluo-
ride (PVDF) membranes. Immunoblots were visua-
lized using the enhanced chemiluminescence (ECL)
Kit (Thermo Fisher, Waltham, MA, USA) and the
quantification of each band was performed using
Image Lab Software (Bio-Rad, Hercules, CA, USA)
with B-actin as a loading control.

Cell Viability Assay

Cell viability was determined by the Cell
Counting Kit-8 (CCK-8) assay. 3,000 cells per
well were seeded in 96-well plates and allowed to
attach overnight. After transfection, we incubated
the cells with different dose of BCNU for 72 h,
ranging from 2 mg/L to 128 mg/L. Next, 10 uL of
CCK-8 were added to the wells and the cells were
incubated at 37°C for 4 h in 5% CO2. Next, we te-
sted cell viability by measuring the absorbance at
450 nm using a microplate reader (Infinite M1000
Pro, Tecan Group, Zurich, Switzerland) and com-
paring with the control cells. All experiments
were performed in triplicate.

Statistical Analysis

Results were analyzed using SPSS software
11.0 (SPSS Inc., Chicago, IL, USA) and compa-
red using one-way analysis of variance (ANOVA)
with Fisher’s post hoc test. Data were presented as
mean + standard deviation (SD) of separate expe-
riments (n>3). p-value <0.05 was considered to be
significant.

Results

miR-21 Upregulated in SWOZ2-BCNU
Glioma Cells

The expression levels of miR-21 and MDR-1
in SWOZ2 glioma cells as well as in SWOZ2-B-
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Figure 1. miR-21 upregulated in SWOZ2-BCNU glioma cells. (a) MDR-1 expression level was significantly upregulated
in SWOZ2-BCNU glioma cells. (b) miR-21 level was increased in SWOZ2-BCNU glioma cells. (¢) The viability of SWOZ2
and SWOZ2-BCNU cells treated with BCNU for 72 h measured by CCK-8 assay. (d) The IC50 of BCNU for SWOZ2 and
SWOZ2-BCNU cells detected by CCK-8 assay. ""p<0.001, “p < 0.001, "p < 0.05.

CNU glioma cells, were measured by qRT-PCR.
As shown in Figure 1la, MDR-1 expression levels
were significantly upregulated in SWOZ2-BC-
NU glioma cells compared with SWOZ2 group
(p<0.01). Furthermore, miR-21 level was increa-
sed in SWOZ2-BCNU glioma group (Figure 1b).
To confirm SWOZ2-BCNU glioma cells were re-
sistant to BCNU, we used CCK-8 to test cell via-
bility and IC50 of BCNU (Figure 1c-d). IC50 of
BCNU was (64.357+£2.497) mg/L in SWOZ2-B-
CNU glioma cells, which was higher than that in
SWOZ2 group. The resistance factor was 2.43.

miR-21 Involved in Glioma
BCNU-Resistance

To elucidate the involvement of miR-21 in glio-
ma BCNU-resistance, SWOZ2 glioma cells were
transfected with miR-21 agomir, which could in-
crease the level of miR-21 significantly (p<0.01,

Figure 2a). Upregulation of miR-21 could enhan-
ce tolerance of SWOZ2 glioma cells. As shown
in (Figure 2c), miR-21 overexpression increased
cell viability and IC50 of BCNU. IC50 of BCNU
in agomir control group was (20.484+3.135)
mg/L and (52.357£2.076) mg/L in miR-21 ago-
mir group (p < 0.01, Figure 2d), indicating that
miR-21 was sufficient for glioma chemothe-
rapy-resistance. Besides, SWOZ2-BCNU glioma
cells were transfected with miR-21 antagomir
to lower the expression of miR-21 (p<0.01, fi-
gure 2b). Likewise, down-regulation of miR-21
weakened SWOZ2-BCNU glioma cells drug-re-
sistance. IC50 in antagomir control group was
(66.024+2.671) mg/L and (31.421+3.163) mg/L in
miR-21 antagomir group (p<0.01, Figure 2e-f).

Taken together, these findings suggested that
miR-21 has a vital role in BCNU-resistance of
glioma cells.
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Figure 2. miR-21 involved in glioma BCNU-resistance. (a) The relative expression of miR-21 in SWOZ2 cells transfected
with miR-21 agomir or miRNA negative control for 48 h detected by qRT-PCR. miR-21 expression was significantly increased
in miR-21 agomir group. (b) The relative expression of miR-21 in SWOZ2-BCNU cells transfected with miR-21 antagomir or
miRNA negative control for 48 h detected by qRT-PCR. miR-21 level was significantly decreased in miR-21 antagomir group.
(c) The viability of SWOZ2 cells transfected with miR-21 agomir or miRNA negative control measured by CCK-8 assay
after BCNU treatment. (d) The IC50 of BCNU for SWOZ2 cells transfected with miR-21 agomir or miRNA negative control
detected by CCK-8 assay. (¢) The viability of SWOZ2-BCNU cells transfected with miR-21 antagomir or miRNA negative
control measured by CCK-8 assayafter BCNU treatment. (f) The IC50 of BCNU for SWOZ2-BCNU cells transfected with
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miR-21 antagomir or miRNA negative control detected by CCK-8 assay. *"p < 0.001, “p < 0.001, "p<0.05.

miR-21 Targets Spry2 for Glioma suggests that the effect of miR-21 on glioma BC-
Chemotherapy-Resistance NU-resistance is mediated through Spry?2.

To identify the exact target of miR-21 respon-
sible for glioma BCNU-resistance, we uncovered

about 200 potential targets using a miRNA target Discussion

prediction algorithm, Target Scan. Among these

targets, we chose Spry2 as study object because it Cancer is a complicated disease closely related
contains a miR-21 seed match in its 3’untransla- to the mutation and epigenetic alteration of genes.

ted region (UTR), and it negatively regulates Ras Therefore, novel target for therapy has been focu-
signaling. Besides, it has reported that miR-21 sed on the search for DNA modifications, althou-

targets Spry2 in cardiocytes and colon cancer in gh few genetic variants are confirmed to repro-
SW480 cells'* and down regulation of Spry2 by ducibly influence human cancer'®. Various signal
miR-21 triggers malignancy in human gliomas'. transduction pathways involve in the chemo-resi-
In the present study, we found that Spry2 was stance mechanisms of glioma, and miRNAs are
reduced in SWOZ2 cells transfected with miR- candidate regulators of the response to antineo-
21 agomir (Figure 3a-b). Then, SWOZ2-BCNU plastic agents.

glioma cells were transfected with Si-Spry2 to miR-21 has been thought to be an oncogene
detect cell viability and IC50 of BCNU. It turned that is upregulated in many cancers and is re-
out that inhibition of Spry2 could enhance glioma lated to genes that modulate cell proliferation,
BCNU-resistance (Figure 3c-d). As mentioned apoptosis, drug resistance and invasiveness®!!. Its
above, miR-21 antagomir-transfected SWOZ2-B- expression has been associated with tumor gra-
CNU glioma cells displayed decreased BCNU-re- de and has been proposed as a marker for tumor
sistance; however, this was partially rescued by progression'™8, Previous research has elucidated
si-Spry2 co-transfection (Figure 4a-b). This result that silencing of endogenous miR-21 significantly
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increases cell cycle arrest in G2/M phase, pho-
sphatase and tensin homologue (PTEN) gene
expression and apoptosis associated caspase-3
expression in TMZ-treated cells”?'. In addi-
tion, it has also been shown that decreased miR-
21 expression can inhibit the growth of glioma
cell lines and induce apoptosis independently of
PTEN status®. Recently, miR-21 was also repor-
ted to regulate PDCD4, a tumor suppressor gene,
in glioma cells®.

Besides, miR-21 seems to modulate drug re-
sistance in some cancers®. It has already been
shown that increased miR-21 can induce doxo-
rubicin-chemoresistance in T24 human bladder
cancer cells while reduced miR-21 sensitized
T24 cells to the drug?. Likewise, miR-21 inhi-
bition increased the chemo-sensitivity of glio-
ma cells to taxol as well as etoposide??6. These
results showed that miR-21 inhibition enhances
chemo-sensitivity of temozolomide-resistance

glioma cells. However, its function in chemo-sen-
sitivity of BCNU has not been discovered.

To validate the possible function of miR-21 in
glioma BCNU-resistance, we transfected glioma
cells with miR-21 agomir or antagomir and then
treated with BCNU in this study. Our work provi-
ded evidence that mir-21 played important roles in
BCNU-resistance of glioma, and Spry2 (one iden-
tified targets of miR-21) was involved.

Recent studies have demonstrated that Spry?2 is
also a tumor suppressor because it is reduced in
hepatocellular carcinoma, lung cancer and breast
cancer?’. Besides, knockdown of Spry2 expres-
sion also enhances Ras-induced lung cancer deve-
lopment in mice*®. Kwak et al'> has reported that
regulation of Spry2 by miR-21 has an important
role in the malignant progression and invasion
of human gliomas. Although it has reported that
miR-21 directly targets Spry2, it was still unclear
whether the down-regulation of Spry2 has a vi-
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Figure 3. Decreased Spry2 was responsible for glioma BCNU-resistance. (a-b) The relative expression of Spry2 in SWOZ2
cells transfected with Si-Spry2 or SiRNA negative control for 48 h detected by Western blotting. (c) The viability of SWOZ2
cells transfected with Si-Spry2 or SiRNA negative control measured by CCK-8 assay after BCNU treatment. (d) The IC50
of BCNU for SWOZ2 cells transfected with Si-Spry2 or SIRNA negative control detected by CCK-8 assay. ""p < 0.001, "p <

0.001, p < 0.05.
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Figure 4. miR-21 targets Spry2 for glioma BCNU-resistance. (a) The viability of SWOZ2-BCNU cells co-transfected with
Si-Spry2 and miR-21 antagomir measured by CCK-8 assay after BCNU treatment. (d) The IC50 of BCNU for SWOZ2-BCNU
cells co-transfected with Si-Spry2 and miR-21 antagomir detected by CCK-8 assay. ""p < 0.001, "p < 0.001, “p < 0.05.

tal role in glioma chemotherapy-resistance. Our
data demonstrated that Spry2 was decreased in
SWOZ2 cells transfected with miR-21 agomir, and
SWOZ2-BCNU glioma cells transfected with Si-
Spry2 shown enhanced glioma BCNU-resistance.
Most importantly, the improved BCNU-resistan-
ce of SWOZ2-BCNU glioma cells transfected
with miR-21 antagomir was partially rescued by
si-Spry2 co-transfection.

These results suggest the effect of miR-21 on
glioma BCNU-resistance is mediated through
Spry2. Therefore, the use of miR-21 inhibitors
may function as an effective approach for rever-
sing drug resistance in glioma.

Conclusions

We found that miR-21 was increased in BC-
NU-resistance glioma cells. Upregulation of miR-
21 enhanced glioma drug resistance by targeting
Spry2. Our results may suggest that the down-re-
gulation of Spry2 by miR-21 plays a key role in
glioma BCNU-resistance. Thus, Spry2 may be
a novel therapeutic target for future treatment of
glioma chemotherapy-resistance.

Conflict of interest
The authors declare no conflicts of interest.

References

1) Srewart LA. Chemotherapy in adult high-grade
glioma: a systematic review and meta-analysis of

5070

4)

individual patient data from 12 randomised trials.
Lancet 2002; 359: 1011-1018.

BocaNGeL DB, FINKELSTEIN S, ScHoLD SC, BHAKAT KK,
Mitra S, Kokkinakis DM. Multifaceted resistance of
gliomas to temozolomide. Clin Cancer Res 2002;
8: 2725-2734.

GAsPAR N, MARSHALL L, PERRYMAN L, Bax DA, LitTLE SE,
VIANA-PEREIRA M, SHARP SY, VAssAL G, PEarRsoN AD, REis
RM, HArGrRave D, WorkmAN P, Jones C. MGMT-in-
dependent temozolomide resistance in pediatric
glioblastoma cells associated with a PI3-kina-
se-mediated HOX/stem cell gene signature. Can-
cer Res 2010; 70: 9243-9252.

AsSANGANI IA, RAsHEED SA, NikoLova DA, Leupolp JH,
CowBurN NH, Post S, ALgaver H. MicroRNA-21
(miR-21) post-transcriptionally downregulates tu-
mor suppressor Pdcd4 and stimulates invasion,
intravasation and metastasis in colorectal cancer.
Oncogene 2008; 27: 2128-2136.

MenG F, HEnsoN R, WEeHBE-JANEK H, GHOSHAL K, JAcos
ST, Pater T. MicroRNA-21 regulates expression of
the PTEN tumor suppressor gene in human he-
patocellular cancer. Gastroenterology 2007; 133:
647-658.

LAawLer S, CHiocca EA. Emerging functions of mi-
croRNAs in glioblastoma. J Neurooncol 2009; 92:
297-306.

Novakova J, Stasy O, VyzuLa R, MicHALEk J. MicroR-
NA involvement in glioblastoma pathogenesis.
Biochem Biophys Res Commun 2009; 386: 1-5.

GiunTi L, DA RM, ViNna S, Gewmine S, lorio AL, Buc
coLIErRo AM, CArpELLICcHIO S, CASTIGLIONE F, GENITORI
L, oe MarTINO M, GiGLio S, GENUARDI M, SarDI |. An-
ti-miR21 oligonucleotide enhances chemosensi-
tivity of T98G cell line to doxorubicin by inducing
apoptosis. Am J Cancer Res 2015; 5: 231-242.

HuA Y, JN Z, Zrou F, ZHanG YQ, ZHuaNG Y. The
expression significance of serum MiR-21 in pa-
tients with osteosarcoma and its relationship with
chemosensitivity. Eur Rev Med Pharmacol Sci
2017; 21: 2989-2994.



MiR-21 enhanced glioma cells resistance to BCNU

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

GABrELY G, WURDINGER T, Kesarl S, Esau CC, BURCHARD
J, Linstey PS, KricHevsky AM. MicroRNA 21 promotes
glioma invasion by targeting matrix metalloproteina-
se regulators. Mol Cell Biol 2008; 28: 5369-5380.

LiT, LiD, SHAJ, Sun P, Huang Y. MicroRNA-21 directly
targets MARCKS and promotes apoptosis resistan-
ce and invasion in prostate cancer cells. Biochem
Biophys Res Commun 2009; 383: 280-285.

WaNG ZX, Lu BB, WaNG H, CHENG ZX, YiN YM. Mi-
croRNA-21 modulates chemosensitivity of breast
cancer cells to doxorubicin by targeting PTEN.
Arch Med Res 2011; 42: 281-290.

CasriTA MA, CHristoForl G. Sprouty proteins, ma-
sterminds of receptor tyrosine kinase signaling.
Angiogenesis 2008; 11: 53-62.

Savep D, RANE S, Lyrowy J, HE M, CHEN Y, VASHISTHA
H, YAN L, MALHOTRA A, VATNER D, ABDELLATIF M. Mi-
croRNA-21 targets Sprouty2 and promotes cellu-
lar outgrowths. Mol Biol Cell 2008; 19: 3272-3282.

Kwak HJ, Kim YJ, CHuN KR, Woo YM, PArk SJ, JEONG
JA, Jo SH, Kim TH, MiN HS, CHAE JS, CHol EJ, Kim G,
SHIN SH, Gwak HS, Kiv SK, Hong EK, Lee GK, CHol
KH, Kim JH, Yoo H, Park JB, Lee SH. Downregu-
lation of Spry2 by miR-21 triggers malignancy in
human gliomas. Oncogene 2011; 30: 2433-2442.

HirscHHorn  JN. Genomewide association stu-
dies--illuminating biologic pathways. N Engl J
Med 2009; 360: 1699-1701.

CHo WC. OncomiRs: the discovery and progress
of microRNAs in cancers. Mol Cancer 2007; 6: 60.

BertHOIs Y, DeLrino C, MEeTeLLUS P, FINA F, NANNI-METELLUS
I, ALAH, Pirisi V, Ouarik L, Boupouresauk F. Differential
expression of mMiR200a-3p and miR21 in grade II-1lI
and grade IV gliomas: evidence that miR200a-3p is
regulated by O(6)-methylguanine methyltransferase
and promotes temozolomide responsiveness. Can-
cer Biol Ther 2014; 15: 938-950.

WonG ST, ZHanGg XQ, ZHuang JT, CHAN HL, L CH,
Leung GK. MicroRNA-21 inhibition enhances in vitro
chemosensitivity of temozolomide-resistant gliobla-
stoma cells. Anticancer Res 2012; 32: 2835-2841.

20)

21)

22)

23)

24)

25)

26)

27)

28)

ZHou X, Ren'Y, Moore L, Mer M, You Y, Xu P, WANG B,
WANG G, JIA Z, Pu P, ZHANG W/, Kang C. Downregu-
lation of miR-21 inhibits EGFR pathway and sup-
presses the growth of human glioblastoma cells
independent of PTEN status. Lab Invest 2010; 90:
144-155.

ZHANG S, WAN Y, Pan T, Gu X, Qian C, Sun G, SuN
L, XianGg Y, WanG Z, SHi L. MicroRNA-21 inhibitor
sensitizes human glioblastoma U251 stem cells
to chemotherapeutic drug temozolomide. J Mol
Neurosci 2012; 47: 346-356.

CHEN Y, Liu W, CHAO T, ZHANG Y, YAN X, GONG Y,
QiaNG B, Yuan J, Sun M, Peng X. MicroRNA-21
down-regulates the expression of tumor suppres-
sor PDCD4 in human glioblastoma cell T98G.
Cancer Lett 2008; 272: 197-205.

CHAN JA, KricHEvsky AM, Kosik KS. MicroRNA-21 is
an antiapoptotic factor in human glioblastoma cel-
Is. Cancer Res 2005; 65: 6029-6033.

Tao J, Lu Q, Wu D, LI P, Xu B, Qing W, WanG M,
ZHANG Z, ZHANG W. MicroRNA-21 modulates cell
proliferation and sensitivity to doxorubicin in blad-
der cancer cells. Oncol Rep 2011; 25: 1721-1729.

RAo SA, SAnTOsH V, SomAasunparam K. Genome-wide
expression profiling identifies deregulated miR-
NAs in malignant astrocytoma. Mod Pathol 2010;
23:1404-1417.

Ren Y, ZHou X, Mel M, Yuan XB, Han L, WanG GX,
Jia ZF, Xu P, Pu PY, Kang CS. MicroRNA-21 inhi-
bitor sensitizes human glioblastoma cells U251
(PTEN-mutant) and LN229 (PTEN-wild type) to
taxol. BMC Cancer 2010; 10: 27.

Lo TL, Fong CW, Yusorr P, McKie AB, CHuAa MS,
Leung HY, Guy GR. Sprouty and cancer: the first
terms report. Cancer Lett 2006; 242: 141-150.

SHAW AT, MEissNerR A, DowbLE JA, CRowLEY D, MAGEN-
DANTZ M, OuyvanG C, Parisi T, RAasaGorAL J, BLank LJ,
BronsoN RT, StonEe JR, TuvesoN DA, JAENISCH R, JAcks
T. Sprouty-2 regulates oncogenic K-ras in lung de-
velopment and tumorigenesis. Genes Dev 2007;
21: 694-707.



