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ABSTRACT

Glioblastoma (GBM) is the most common and aggressive malignant primary brain
tumor in humans. Despite of advances in medical management of solid tumors, the mortality
rates of GBM patients remain high, which urge for a better understanding of GBM
pathogenesis and improvement in its therapeutic strategy. Hypoxia has been correlated with
the aggressive form of glial tumors, their poor prognosis and resistance to various therapies.
MicroRNAs (miRNAs) have emerged as key players in cellular transformation and
tumorigenesis and have shown great potential for cancer diagnostics and therapeutics. The
present study is based on previous studies from our lab showing alteration in the miRNA
profile in GBM cell line US7MG in response to severe hypoxia. Here, we take forward our
previous studies to identify hypoxia regulated miRNAs that play critical role in hypoxia
signalling and studying its clinical implications. A total of sixteen miRNAs were further
validated by qRT-PCR and nine were found to be hypoxia regulated in GBM cells. Among
these, miR-196a was found to be highly induced in response to hypoxia in a HIF dependent
manner. miR-196a was also found to be significantly up-regulated in TCGA-GBM and
Indian GBM patient cohorts. The high expression of miR-196a was shown to be associated
with poor prognosis in GBM patients. We did functional characterization of miR-196a in
GBM cell lines, U87MG and A172 using both and inhibition and overexpression approach in
normoxia as well as hypoxia. miR-196a overexpression was found to induce cellular
proliferation, migration and colony forming potential and inhibit apoptosis in U87MG and
A172 cell lines while miR-196a inhibition using anti-miR-196a showed opposite results
suggesting oncogenic role of miR-196a in GBM. We further identified targets of miR-196a
using a combination of bioinformatic and biochemical approaches. Notably, we found that
miR-196a not only downregulates tumor suppressor genes but may also be involved in up-
regulating the levels of specific oncogenes. We further unveiled that NRAS, AJAP1, TAOK1
and COL24A1 are direct targets of miR-196a. Our study also reported complex competitive
regulation of oncogenic NRAS by miR-196a, miR-146a and let-7g in GBM. Analysis of
microarray gene expression data obtained by miR-196a inhibition under hypoxia elucidated
the role of miR-196a in HIF, Calcium Adhesion, Wnt and Cell Adhesion pathways.
Interestingly, miR-196a was found to positively regulate the expression of various genes
involved in induction or stabilization of HIFs and maintenance of hypoxic conditions, thereby

suggesting the existence of an indirect miR-196a/HIF positive loop under hypoxia. Overall,



our work identifies novel axis of HIF-1/miR-196a/NRAS in GBM and suggests its prognostic

and therapeutic significance.



aR

iR (Sheies) I § Tad 31 3R 3MehTHS Urde UIUfed s+ gk 81 o1
IR & e ydeT § unfa & sravie, shdeg AT Bt g R 3= o1 g8 7, o
SIETTH IO BT IgaR TH eﬁ?sﬂwlﬁWﬁWFﬁﬁrﬁﬁirR%%E&mW%l
SIS B T SR & SIS 7Y, 3% WIS IV BT e MR fafia Suart
& URRIY & 1Y TgdaG fohal T 1 g&H 3RUAT (miRNAs) TR SABIARH 3R
SIROIRY # T Earet & ©0 # 3R § 3R $aR e 3R IUR & g st
THTEATY faTs €1 adu Siegge TR st & St H Siieed 94 8- USTMG
T miRNA THRd H URadq fGa™ arell gaRt od ¥ s il R enumd g1 JeT,
g9 gyl fafaffd miRNAs @1 UgaH &1 o U oo fUsd sieoal &1 3
Se § S grgaifem Rufei # weayel yfter Ay § @ik 39 e yua @
3T HA & | T A8 miRNAs BT 3T FIHRE-URNSR gRT AT fam T o7 $iR
Tt Siteiey SifRres # fFfd gsofRyar ue 1u 91 398, TH3MS3R-196T (miR-1962)
DI TIIMUP R i T grRuifRrar & Siare & /i URRd Uil 7| miR-196a &l
AIiT-seied 3R HRd Sieited Af Tl & +ft w1wl gg de Fifa fasar
miR-196a &1 I HYAfGT DI Siiated A T BRI ITERY T ST g fo@mar
YT §HF QI SNEITH T 31, USTMG 3R A172 H miR-196a & HIATHD T&f0T qui
3R AT & Y-y grsuifar § vy 3R siaRuatw eI &1 JuanT fasar|
miR-196a ffaAfad T gfg A172 3R USTMG Id a1zl § AR TR, ATZIRM 3R
HIH! § & fore FuIfad uram T o7 3R TP &1 $H #4 & o grar T T,
S&fd miR-196a 4 T-miR-196a BT IUART Hd gU fausia ufkomy feam 3, Siteteg o
miR-196a @ 3fi-pio—e YHBT BT G AT YT T 3T JIINRAAS 3R a-
JNA® BN & HaoH BT SUART BB miR-196a & A&l B} UgaH 1| [a-Y T4
¥, 8 U f% miR-196a 7T Had SR A SF DI SISTIS HRAT ©, dfeh AR
o & R P! fafaftd @A o off nfira 8 goar 81 899 ot o fear fe
NRAS, AJAP1, TAOKI 3fR COL24A1 miR-196a b Y& AT & | THR YT 3 S ITH
T miR-196a, miR-146a 3R let-7g GRT =Bl NRAS & oifed ufaeasff fafaaa ot
W o1 Y| STESUIRTAT & T8 miR-196a MY GRT Ut HIZhIR St 3ifHcdfdd Sl &l
fIRAYOr HIF, HIREH SIS, SSYUA 3R A TS ART & miR-196a Bt YfHehT &
Y FRT 8| AT 919 T8 B fF miR-196a Y HIF B OR0T a7 fRULH0 3R grguifeyes
fuferal o Terwara o Tnfid fafts Sl &1 sifiaafad &1 IeRIAS ¥4 ¥ faHafid &
o fore gran T o, fSrad SISMREAT & d8d Udh 3UAE miR-196a / HIF GINcd U &
3T &1 g foar T U1l $o fHAHR, ART D SHEUH § HIF-1 / miR-196a /
NRAS & JUIT 3{&f DI Ugd HRal § R 39 GargdH IR fafbaia Agd &1 g
CSIE]
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