








Role of MiR-182 in glioma cells

Figure 2. Knockout of miR-182 increased cell cycle arrest, inhibited proliferation and clonogenicity of GBM cells.
A. Knockout of miR-182 increased the population of cells at G2/M phase in miR-182-KO cells. B. Proliferation was
reduced in miR-182-KO cells. C. miR-182-KO cells exhibited lower clonogenicity than the parental U87 cells. D.
Overexpression of miR-182 decreased the population of cells at G2/M phase in U251 cells. E. Overexpression of
miR-182 increased the growth of U251 cells. F. Overexpression of miR-182 in U251 cells showed increased clonoge-
nicity than that of parental cells. The results are the mean + SD of triplicate determinations; statistical significance
of results was evaluated by student’s t-test. *P<0.05, **P<0.01.
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Figure 3. FBW7 was targeted by miR-182. A. FBW7 protein levels were de-
tected in WT and miR-182-KO U87 cells by Western blot. B. FBW7 mRNA
and protein expression levels were detected in WT and miR-182-OE U251
cells by Western blot and RT-PCR. C. The miR-182 targeting sequence in the
FBW7 3’-UTR was shown and mutagenesis was performed. WT or mutated
FBW7 3’-UTR reporters were transfected into WT and miR-182-KO cells and
the reporter activities were compared. D. The FBW7 3'UTR reporter vector
was transfected into WT or miR-182-OE U251 cells and the reporter activi-

ties were compared. E. The pro-
tein levels of Mcl-1, cyclin E and
c-myc were detected by Western
blot. The results are the mean %
SD of triplicate determinations;
statistical significance of results
was evaluated by student’s t-test.
**pP<0.01.

Statistical analysis

Statistical analysis was con-
ducted using GraphPad Prism
software. P values were calcu-
lated by student’s t-test and
were considered statistically
significant if P<0.05. Data we-
re presented as mean + SD in
the figures unless otherwise
indicated.

Results

Generation of miR-182
knockout cells in GBM

To explore the role of miR-182
in GBM, we generated miR-
182-KO cells using Crispr-cas-
9 system. The PAM sequence
are within the miR-182 sequ-
ence (Figure 1A). The gRNA
was sub-cloned into lenti-CR-
ISPR vector that drives the
expression of both CAS9 and
gRNA. Next, we packaged len-
tivirus to mutate endogen-
ous mMiR-182 gene. U87 cells
were infected and selected.
After three weeks, a number
of clones were obtained (Fig-
ure 1B). We subsequently iso-
lated RNA from the derived
clones and determined the
abundance of mature miR-
182 using real-time RT-PCR.
As shown in Figure 1C, miR-
182 levels were reduced in
miR-182-KO cells.

Knockout miR-182 induced
cell cycle arrest, inhibited pro-
liferation and clonogenicity of
GBM U251 cells

We next explored the effect of
miR-182 on cell cycle and cell
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Figure 4. miR-182 regulates HIF-1a expression and its target gene. A. U251 cells were transfected with miR-182
mimics or negative control (NC) for 48 hr. HIF1a protein level was determined by western blot. B. U251 cells were
transfected with miR-182 mimics or negative control (NC) for 48 hr. HIFLax mRNA level was determined by western
blot. C. U251 cells were transfected with miR-182 mimics or negative control (NC) for 48 hr. Relative mRNA level
of Glutd, HK2, LDHA and VEGF were determined by quantitative real-time RT-PCR. D. U251 cells were treated with
miR-182 inhibitor for 48 hr. HIF1x protein level was determined by Western blot. E. U251 cells were treated with
miR-182 inhibitor for 48 hr. Relative mRNA Glutl, HK2, LDHA and VEGF were determined by RT-PCR. The results
are the mean * SD of triplicate determinations; statistical significance of results was evaluated by student’s t-test.
**P<0.01, ***P<0.001.

proliferation. Flow cytometry analysis demon- sis to search the tumor suppressor genes
strated that significant increase of cells at which could be targeted by this miRNA and
G2/M phase were found in miR-182-KO cells, identified FBW7, a component of the E3 ubiqui-
indicating that deficiency of miR-182 induced tin-protein ligase that mediates the degrada-
cell cycle arrest (Figure 2A). In consistent with tion of various onco-proteins, as a potential
this data, proliferation of miR-182-KO cells was target. We assessed the expression level of
lower than that of WT cells (Figure 2B). Ad- FBW?7 in different GBM. The level of FBW7 pro-
ditionally, the clonogenicity of miR-182-KO cells tein was increased in miRNA-182-KO cells (Fig-
was also decreased (Figure 2C). On the con- ure 3A). Overexpression of miR-182 in U251
trary, overexpression of miR-182 in U251 cells cells reduced FBW7 protein level but not mRNA
increased the number of cells at S and G2/M level. (Figure 3B). We further verified miR-182
phase that was accompanied with enhanced could target FBW7 directly by using FBW7

cell proliferation and clonogenicity (Figure
2D-F). Our results suggested that miR-182
acted as an oncogenic miRNA and simultane-
ously enhanced growth and invasiveness of

3'UTR reporter assay. Moreover, the FBW7
3'UTR reporter activity of miR-182-KO cells was
upregulated by 50% when compared to the
control cells and mutation of the two miR182-

GBM. binding sites abolished this activity (Figure 3C).
FBW7 was targeted by miR-182 We next transfected FBW7 3’UTR reporter into

miR-182 overexpressing U251 cells and found
Since miR-182 was approved as an oncogenic that the reporter activity was repressed (Figure
miRNA in GBM, we used bioinformatics analy- 3D). Our results also showed that overexpres-
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Figure 5. miR-182 inhibitor induced apoptosis in glioma. A. U87 cells were treated with miR-182 inhibitor for 48 hr.
Apoptosis was measured by staining. B. U87 cells were treated with miR-182 inhibitor for 48 hr. Annexin V positive
cells was determined by flow cytometry. C. U87 cells were treated with miR-182 inhibitor for 48 hr. Cleaved-caspase
3 and 9 were determined by Western blot. D. U87 cells were transfected with FBW7 siRNA, then treated with miR-
182 inhibitor for 48 hr. FBW7 protein level was determined by Western blot (/eft). Annexin V positive cells was deter-
mined by flow cytometry (right). E. U87 cells were transfected with Flag-Mcl-1 expression plasmid, and then treated
with miR-182 inhibitor for 48 hr. Flag (Mcl-1) protein level was determined by Western blot (left). Annexin V positive
cells was determined by Flow cytometry (right). The results are the mean + SD of triplicate determinations; statistical
significance of results was evaluated by student’s t-test. ***P<0.001.

sion of MmiR-182 in U251 cells induced Mcl-1, miR-182 promotes HIF1a expression in glioma
cyclin E and Notch (Figure 3E). These data cells

suggested that miR-182 directly suppressed

FBW7 and consequently increased the oncop- Next, expression level of HIF1la in U251 cells
roteins (Mcl-1, cyclin E and Notch) to promote was determined. As expected, treated with miR-
cell growth and clonogenicity. 182 mimics, HIF1ax protein level was increased,
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Figure 6. Knockout miR-182 reduces tumor growth in vivo. A. Nude mice
were injected s.c. with 4x10% WT or miR-182-KO U87 cells. Three weeks
later, tumor volume was calculated. B. Penetrative tumors at the end of the
experiment. C. The levels of FBW7 and Mcl-1 in tumors were determined
by Western blot. N=5 mice per group. Statistical significance of results was

evaluated by student’s t-test. *P<0.05.

even in nhormoxic conditions, when basal level
of HIF1a was low (Figure 4A). However, mRNA
level of HIF1la was not affected (Figure 4B),
indicating that miR-182 regulated HIF1la at
post-transcription level. Expression levels of
glycolytic enzymes, including Glutl, HK2 and
LDHA, were increased by miR-182 (Figure 4C).
It is well-known that HIF-1a induces vascular
endothelial growth factor (VEGF) expression to
promote tumor angiogenesis. Interestingly, VE-
GF was also up-regulated by miR-182 (Figure
4C). Moreover, expression levels of target ge-
nes of HIF1a were inhibited by miR-182 inhibi-
tor under hypoxic conditions (Figure 4D and
4E). Together, these data indicate that miR-182
promotes HIF1a expression in glioma cells.

Inhibition of miR-182 promotes apoptosis via
FBW7-mediacted Mcl-1 degradation in GBM

We next examined whether miR-182 inhibit-
or associated with induction of apoptosis. In
apoptotic assays, miR-182 inhibitor treatment
induced apoptosis of U87 cells (Figure 5A).
miR-182 inhibitor increased the number of
Annexin V positive U87 cells (Figure 5B). We
detected cleaved caspase 3 and 9 in miR-182
inhibitor treated U87 cells and found that miR-
182 inhibitor activates caspase 3 and 9 in U87
cells (Figure 5C). These data indicated that
miR-182 inhibitor induced caspase-dependent
apoptosis in glioma cells. Next, we detected
whether FBW7/Mcl-1 involved in miR-182 inhi-
bition induced apoptosis. As shown in Figure
5D and 5E, knockdown of FBW7 or overexpres-
sion of Mcl-1 blocked miR-182 inhibitor induced
apoptosis in U87 cells. The above study demon-
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strated miR-182 inhibition
induced FBW7/Mcl-1-depen-
dent apoptosis in glioma cells.

Deficiency of miR-182 re-
duces tumor growth

To evaluate the potential role
of miR-182 in vivo, nude mice
were subcutaneously inocu-
lated with WT or miRNA-182-
KO U87 cells. The tumor vol-
ume of the miR-182-KO group
was significantly smaller than
that of the control group (Fig-
ure 6A and 6B). Consistently,
protein levels of FBW7 were
also up-regulated in miR-182-
KO tumors, while expression of Mcl-1 was de-
creased (Figure 6C).

Discussion

In this study, we generated miR-182 knockout
in GBM cells using Crispr-cas9 system. We
showed that knockout miR-182 significantly
reduced the cell proliferation and clonogenici-
ty of GBM. These data suggest that miR-182
serves as an oncogenic miRNA and may affect
multiple functions in GBM cells. We also identi-
fied FBW7 as a target of miR-182 in GBM.
FBW7 is a crucial component of the SCF E3
ubiquitin protein ligase that mediates the deg-
radation of a number of oncoproteins. We found
that deficiency of miR-182 increased FBW7
expression which leads to reduction of Mcl-1,
cyclin E and Notch protein levels.

Another important finding of this study is the
less sensitivity of miR-182-KO cells to hypoxia.
Hypoxia in cancer cells up-regulates the expres-
sion of HIF-1a to adapt this hypoxia stress and
subsequently HIF-1a induces the production of
angiogenic factors like VEGF-A to trigger angio-
genesis to provide oxygen and nutrient and to
sustain tumor growth [21]. HIF-1a activity is
regulated by prolyl hydroxylase enzymes (PHD)
[24, 22]. In the presence of oxygen, PHD en-
zymes hydroxylate HIF1lx and facilitates the
binding of HIF-1la to the von Hippel-Lindau
(VHL) E3 that ubiquitinates and degrades HIF 1«
[23, 24]. Under oxygen deprivation, PHD enzy-
mes decrease HIF-a hydroxylation and results
in HIF-a« accumulation and nuclear transloca-
tion to activate gene transcription and angio-
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genesis [24]. However, miR-182 knockout cou-
Id significantly decrease HIF-a protein under
hypoxia. These data suggested that HIF-1a
may be a degradation substrate of FBW7 and
miR-182 could potentiate the hypoxia-induced
HIF-a by suppressing FBW7. Our hypothesis is
also supported by two previous studies show-
ing that FBW7 is involved in the degradation of
HIF-a [25, 26].

Among the angiogenic factors investigated,
VEGF-A was up-regulated by miR-182 in hypox-
ia condition. We also demonstrated that the
dramatic increase of HIF-a in miR-182-overex-
pressing cancer cells produced a large amount
of VEGF-A in vitro. Results of our study support
the notion that miR-182 controls the HIF-a/
VEGF-A axis to enhance tumor angiogenesis.
The crosstalk between HIF-a and miR182 is
more complex than expected. In hepatocellular
carcinoma (HCC), hypoxia induces HIF a-de-
pendent miR-182 expression and promotes
angiogenesis by targeting RASA1 suggesting
HIF-a is an upstream regulator of miR-182 [27].
Another study also indicated that miR-182 was
regulated by HIF-a in prostate cancer and tar-
geted PHD2 and FIH1, two negative regulators
of HIF-a.

In conclusion, results of our study imply a posi-
tive feedback loop may exist in GBM cells to
amplify miR-182 and HIF-a signaling in the
cells. Collectively, we conclude that miR-182
serves as an oncogenic miRNA in glioma and
may target multiple genes to promote glioma
tumorigenesis.

Disclosure of conflict of interest
None.

Address correspondence to: Yong Yan, Department
of Urology, Beijing Shijitan Hospital, Capital Medical
University, Beijing, China. Tel: +86-010-83911000;
E-mail: yanyong@yahoo.com; Wen-Bin Li, Depart-
ment of Glioma, Beijing Shijitan Hospital, Capital
Medical University, Beijing, China. Tel: +86-010-
83911000; E-mail: liwenbin@ccmu.edu.cn

References

[1]  Bush NA and Butowski N. The effect of molecu-
lar diagnostics on the treatment of glioma.
Curr Oncol Rep 2017; 19: 26.

[2] Bush NA, Chang SM and Berger MS. Current
and future strategies for treatment of glioma.
Neurosurg Rev 2017; 40: 1-14.

16093

[3] Ames H, Halushka MK and Rodriguez FJ. miR-
NA regulation in gliomas: usual suspects in
glial tumorigenesis and evolving clinical appli-
cations. J Neuropathol Exp Neurol 2017; 76:
246-254.

[4] Jiang Z, Yao L, Ma H, Xu P, Li Z, Guo M, Chen J,
Bao H, Qiao S, Zhao Y, Shen J, Zhu M, Meyers
C, Ma G, Xie C, Liu L, Wang H, Zhang W, Dong
Q, Shen H and Lin Z. miRNA-214 inhibits cel-
lular proliferation and migration in glioma cells
targeting caspase-1 involved in pyroptosis. On-
col Res 2017; 25: 1009-1019.

[5] Munthe S, Halle B, Boldt HB, Christiansen H,
Schmidt S, Kaimal V, Xu J, Zabludoff S, Mol-
lenhauer J, Poulsen FR and Kristensen BW.
Shift of microRNA profile upon glioma cell mi-
gration using patient-derived spheroids and
serum-free conditions. J Neurooncol 2017;
132: 45-54.

[6] HaM and Kim VN. Regulation of microRNA bio-
genesis. Nat Rev Mol Cell Biol 2014; 15: 509-
524,

[7] Jonas S and lzaurralde E. Towards a molecular
understanding of microRNA-mediated gene si-
lencing. Nat Rev Genet 2015; 16: 421-433.

[8] Rupaimoole R and Slack FJ. MicroRNA thera-
peutics: towards a new era for the manage-
ment of cancer and other diseases. Nat Rev
Drug Discov 2017; 16: 203-222.

[9] Croce CM. Causes and consequences of mi-
croRNA dysregulation in cancer. Nat Rev Genet
2009; 10: 704-714.

[10] LiuY, Qiang W, Xu X, Dong R, Karst AM, Liu Z,
Kong B, Drapkin Rl and Wei JJ. Role of miR-
182 in response to oxidative stress in the cell
fate of human fallopian tube epithelial cells.
Oncotarget 2015; 6: 38983-38998.

[11] Wei Q, Lei R and Hu G. Roles of miR-182 in
sensory organ development and cancer. Tho-
rac Cancer 2015; 6: 2-9.

[12] Xu SB, Witmer PD, Lumayag S, Kovacs B and
Valle D. MicroRNA (miRNA) transcriptome of
mouse retina and identification of a sensory
organ-specific miRNA cluster. Journal of Bio-
logical Chemistry 2007; 282: 25053-25066.

[13] Segura MF, Hanniford D, Menendez S, Reavie
L, Zou X, Alvarez-Diaz S, Zakrzewski J, Blochin
E, Rose A, Bogunovic D, Polsky D, Wei J, Lee P,
Belitskaya-Levy |, Bhardwaj N, Osman | and
Hernando E. Aberrant miR-182 expression pro-
motes melanoma metastasis by repressing
FOXO3 and microphthalmia-associated tran-
scription factor. Proc Natl Acad Sci U S A 2009;
106: 1814-1819.

[14] LiY, Zhang D, Wang X, Yao X, Ye C, Zhang S,
Wang H, Chang C, Xia H, Wang YC, Fang J, Yan
J and Ying H. Hypoxia-inducible miR-182 en-
hances HIF1 alpha signaling via targeting
PHD2 and FIH1 in prostate cancer. Sci Rep
2015; 5: 12495.

Int J Clin Exp Med 2017:10(12):16085-16094



[15]

(16]

[17]

(18]

[19]

[20]

[21]

[22]

Role of MiR-182 in glioma cells

Nina P, Radoslav D, Vladan B, Milan O and
Esma IR. MicroRNA in breast cancer: the as-
sociation with BRCA1/2. Cancer Biomark
2016; 19.

Martinez-Ruiz H, llla-Bochaca |, Omene C,
Hanniford D, Liu Q, Hernando E and Barcellos-
Hoff MH. A TGFbeta-miR-182-BRCA1 axis con-
trols the mammary differentiation hierarchy.
Sci Signal 2016; 9: ral118.

Moskwa P, Buffa FM, Pan Y, Panchakshari R,
Gottipati P, Muschel RJ, Beech J, Kulshrestha
R, Abdelmohsen K, Weinstock DM, Gorospe M,
Harris AL, Helleday T and Chowdhury D. miR-
182-mediated downregulation of BRCAL im-
pacts DNA repair and sensitivity to PARP in-
hibitors. Mol Cell 2011; 41: 210-220.

Tong J, Tan S, Zou F, Yu J and Zhang L. FBW7
mutations mediate resistance of colorectal
cancer to targeted therapies by blocking Mcl-1
degradation. Oncogene 2017; 36: 787-796.
Davis RJ, Welcker M and Clurman BE. Tumor
suppression by the Fobw7 ubiquitin ligase: mec-
hanisms and opportunities. Cancer Cell 2014;
26: 455-464.

Wang L, Ye X, Liu Y, Wei W and Wang Z. Aber-
rant regulation of FBW7 in cancer. Oncotarget
2014; 5: 2000-2015.

Tsai HC, Tzeng HE, Huang CY, Huang YL, Tsai
CH, Wang SW, Wang PC, Chang AC, Fong YC
and Tang CH. WISP-1 positively regulates an-
giogenesis by controlling VEGF-A expression in
human osteosarcoma. Cell Death Dis 2017; 8:
e2750.

Olcina MM and Giaccia AJ. Reducing radiation-
induced gastrointestinal toxicity-the role of the
PHD/HIF axis. J Clin Invest 2016; 126: 3708-
3715.

16094

(23]

[24]

(25]

[26]

[27]

Filatova A, Seidel S, Bogurcu N, Graf S, Gar-
valov BK and Acker T. Acidosis acts through
HSP90 in a PHD/VHL-Independent Manner to
promote HIF function and stem cell mainte-
nance in glioma. Cancer Res 2016; 76: 5845-
5856.

Astuti D, Ricketts CJ, Chowdhury R, Mc-
Donough MA, Gentle D, Kirby G, Schlisio S,
Kenchappa RS, Carter BD, Kaelin WG Jr, Rat-
cliffe PJ, Schofield CJ, Latif F and Maher ER.
Mutation analysis of HIF prolyl hydroxylases
(PHD/EGLN) in individuals with features of
phaeochromocytoma and renal cell carcinoma
susceptibility. Endocr Relat Cancer 2011; 18:
73-83.

Cassavaugh JM, Hale SA, Wellman TL, Howe
AK, Wong C and Lounsbury KM. Negative regu-
lation of HIF-1alpha by an FBW7-mediated de-
gradation pathway during hypoxia. J Cell Bio-
chem 2011; 112: 3882-3890.

Flugel D, Gorlach A and Kietzmann T. GSK-3be-
ta regulates cell growth, migration, and an-
giogenesis via Fbw7 and USP28-dependent
degradation of HIF-1alpha. Blood 2012; 119:
1292-1301.

Du C, Weng X, Hu W, Lv Z, Xiao H, Ding C, Gya-
baah OA, Xie H, Zhou L, Wu J and Zheng S.
Hypoxia-inducible MiR-182 promotes angio-
genesis by targeting RASA1 in hepatocellular
carcinoma. J Exp Clin Cancer Res 2015; 34:
67.

Int J Clin Exp Med 2017;10(12):16085-16094



