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Abstract

GSK3 (Glycogen Synthase Kinase-3) function in brain is contributed by two distinct gene GSK3
alpha and GSK3 beta. Present findings indicate that imbalance in between GSK3 alpha and beta
isoform contributes oncogenesis. In gliomas, GSK3 isoform specific functions are different then as
reported for melanoma, prostate cancer, lung cancer etc. Both the isoforms of GSK3 are inversely
regulating hnRNPAT (RNA binding protein) expression, subsequently affecting RNA alternative
splicing (BIN1, RON, Mcll, PKM) in gliomas. Elevated expression of c-Myc, hnRNPAI,
Phospo-ERK1/2 and Cyclin DI in GSK3 alpha knock down cells, resembles GSK3 beta isoform
overexpressing glioma cells, promotes cell survival. HnRNPAI dependent survival signaling pathway
were elaborated using si RNA approach or by over expressing cloned hnRNPAI gene in U87 glioma
cells. Therefore, performed study empirically support GSK3 inhibition along with restoration of
GSK3a would be a good strategy to target gliomas.
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Introduction

hnRNPA1, a member of the hnRNPA /B family,
is aberrantly over expressed in various cancers.
hnRNP family of proteins interact with newly derived
mRNA transcript [1]. hnRNPA1 specifically bind to
splicing silencer sequences and promote exon
inclusion thus acting as splicing repressors [2].
hnRNPAT1 play key steps in mRNA metabolism such
as alternative splicing [3], mRNA export [4],
translation [5], microRNA processing [6] and telomere
maintenance [7]. Non- tissue specific gene de-
arrangement by family of splice factors proteins is a
leading cause for tumorogenesis [8]. EGFR dependent
regulation of splice factor family [9] and hnRNA1
dependent Max splicing to develop therapeutic
resistance in gliomas has been widely studied [10].
hnRNPA1 overexpression at the downstream level
also interact preferentially with anti-apoptotic mRNA
variants, for FGF dependent cell survival [11].

Two different GSK3 isoforms, where GSK3a is a
resident of Chr19q13.2, and GSK3f from Chr 3q13.33,
with 98% identical Kinase domain [12]. Both isoforms
perform similar function and shows overlapping

function in Alzheimer diseases progression, cell cycle
and proliferation. Both isoform also play a key role in
regulating APC dependent p-catenine phophorylation
dependent degradation, is to regulate cell prolifer-
ation [13]. This redundancy or distinct function of
GSK3 isoform could be varied depends entirely on
cellular context, yet to be explore in transformed cells.
Till date many reports, particularly in various cancer
GSK3p is oncogenic in gliomas, whereas is tumor
suppressor in certain epithelial cancer. However,
recently few reports address GSK3a as therapeutic
candidate in prostrate, melanoma, lung cancer.

Recently, we identified GSK33 to cooperate
hnRNPA1 expression in U87 gliomas. hnRNPA1
overexpression modulates Pyruvate kinase (PKM)
splicing, trigger Warburg effect in glycolytic tumors
or glioblastomas. Here, we have reported that GSK3a
and GSK3p isoforms are non-redundant, knocking
down GSK3a transiently or stably using Lentiviral
approach promote glioma survival, is functionally
similar as observed in transiently transfected
hnRNPAT.
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Material & Method

Cell culture Material

U87, U373, LN229 and A172 cell lines (Generous
support from Prof. Subrata Sinha, N.B.R.C, Manesar,
Gurgaon (India)) were propagated in Dulbecco’s
modified Eagle’s medium (DMEM) containing 10%
fetal bovine serum and antibiotic penicillin-
streptomycin (PAN Biotech comp.) under 37°C
temperature and humidified chamber under 5% COs.

Antibodies

All western blots were developed using
monoclonal antibodies such as anti-GSK3a/p and
GSK3a/B-pTyr (Santacruz Biotechnology, Inc.), anti-
GSK3 a (Abcam), hnRNPA1 (Santacruz Biotechno-
logy, Inc. & Abcam), a-Tubulin (Santacruz Biotech-
nology, Inc.), phospho-ERK1/2 (Abcam), Cyclin D1
(Millipore), AKT1/2/3 (Santacruz Biotechnology,
Inc.), c-MYC (Abcam)

Plasmid constructs

Total RNA was extracted from U87 cells; it was
reverse transcribed using first strand cDNA (Bio-Rad
Laboratories) as per the manufacturer’s instructions.
hnRNPA1 gene was PCR amplified, with annealing
temperature(55°C) optimized for maximum product
yield. The hemagglutinin (HA) tag was attached to
the N terminus of hnRNPA1 by including the HA tag
in the forward primer, carried out using specific
primers: sense- 5- AGGATCCATGACCatgtacccat
acgatgttccagattacgct GGATCTAAGTCAGAGTCTCCT
AAA-3antisense- 5- GGTCGACTTAAAATCTTCTG
CCACTGCCAT -3" with BamH1 and Sall restriction
endonuclease site (underlined), respectively, at their
5 and 3’end. The amplified products were then
digested and cloned into BamH1 and Sall sites of
pPBABE mammalian expression vector.

Transient Transfections

U87 cells were grown to 80% confluence in
60mm dishes. Empty vector pBABE (100ng) and
human hnRNPA1 - pBABE DNA (100ng & 200ng)
was transfected into the cells using TransIT-LT1
transfection reagent (Mirus Bio LLC) as per the
manufacturer’s instructions. 48 h post- transfection,
the lysates were prepared in cell lysis buffer contain-
ing phophatase inhibitor (Santa Cruz Biotechnology)
and protease inhibitor cocktail (Abcam).

si RNA transfection and Lentiviral mediated
knock down

U87 & A172 glioma cells were transfected next
day after cell plating with specific siRNA against
Gsk3a (10nM), Gsk3p (10nM), hnRNPA1 (10nM)
(Santa Cruz Biotechnology, Inc.) as per protocol. In

another experiment GSK3a specific Lentiviral (Santa
Cruz Biotechnology, Inc.) for knock down studies
were performed as per protocol. Lysates were made
in lysis buffer (Cell Signaling Technology) containing
protease inhibitor (Abcam) and phosphatase inhibitor
(Santa Cruz Biotechnology, Inc.).

Cell Growth Assay

U87 MG CNT and GSK3a Lentiviral transfected
stable cells were used to analyse the cell growth.
Equally 1X10* cells (CNT & GSK3a RNA i) were
plated in 4 dishes in duplicates. Cell were counted on
1st Day, 3 Day, 5t Day, 7th Day in hemocytometer
using Trypan Blue dye (0.1%), to exclude dead cell
count[14].

Cyclohexamide treatment in Glioma cell

U87 cell were transfected after 17 hrs in freshly
plated cells with si RNA against Gsk3a (10nM), Gsk3p
(10nM), Akt (10nM) for 72 hrs, followed with
cyclohexamide (100pg/ml). Lysates were made at
different time scale (Ohrs, 2hrs 4 hrs), in cell lysis
buffer containing phosphatase inhibitors & protease
inhibitor cocktail. All experiments were done three
times (n=3), densitometry analysis were done using
NIH Image] open access software, after normalizing
each with representative loading control.

Over expression of GSK3p in U87 & U373
Glioma cells in comparison with empty vector

U87 & U373 cells were grown in DMEM medium
(10% FCS, antibiotic) transfected after 17 hours of
freshly plate cells with GSK3p (500ng) in pCDNA
plasmid construct (Gifted Prof Justin V. McCarthy,
Ireland) and empty vector (500ng) using TransIT-LT1
transfection reagent (Mirus Bio LLC). After 48 hours
of transfection protein lysates were prepared in cell
lysis buffer and protein expression were performed
by western blotting.

qRT-PCR & RT-PCR

U87 cells transfected as mentioned above:
scrambled siRNA (10nM), siGsk3a (10nM), siGsk3[
(10nM) for 72hrs, followed with extraction of total
RNA using TRIzol Reagent. 1pg of total RNA was
reverse transcribed using 2-STEP RT PCR kit
(Invitrogen comp.) following the manufacturer’s
protocol. Gene was amplified using specific forward
and reverse primer [15] (Table S1). PCR cycling
conditions were as follows: 98°C initial denaturation
for 30 sec. 35 cycles of 98 °C denaturation for 10 sec,
different annealing temperature for different genes
(Table S1) for 30 sec, and 72 °C extension for 30 sec.
72°C Final extension for 7 mins and final hold at 4°C.

Similarly, hnRNPAT1 transcript in U87 & LN229
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cells were analysed using Taqman primer probe
(Applied Biosystem) with specific control 18s rRNA
(Invitrogen) and mRNA expression of genes (Bcl-xL,
c-Myc, surviving & Cyclins) were analyzed with the
help of SYBR green (Eurogentec) as followed with
Real time PCR (Applied Biosystems) n- fold analysis,
after calculating the ct value. Each experiment was
done and analyzed in triplicate.

Caspase-3/CPP32 Colorimetric Assay and Cell
Viability Assay in glioma cells

U87 & LN229 cells were transfected after 17
hours of freshly plated cells with specific siRNA's
(CNT (10nM), Gsk3a (10nM), Gsk3p (10nM) and
hnRNPA1 (10nM)). After 72 hours of transfection cell
lystaes were made using cell lysis buffer. Protein
quantification was performed using BCA reagent
(Bicinchoninic Acid) (GeNei). 100pg of protein was
taken for Caspase-3 colorimetric assay (BioVision) as
per manufacture’s protocol, measure at 400nm. In
another set of experiment, cell viability was assessed
using MTT colorimetric assay, based on the ability of
viable cells to reduce yellow MTT (3-(4-5-dimethyl-
thiazol-2-yl)-2, 5-diphenyltetrazolium bromide, a
tetrazole) to purple formazan product, absorbance
measures at 570 nm. Experiment was performed in
triplicate.

Statistical Analysis

Numerical values obtained from individual
experiments were expressed here, as mean * standard
error of the mean, student T-test.

Results

Analysis of GSK3a, AKT and hnRNPAL in
glioma cells

Protein lysates from U87, U373, LN229 & A172
glioma cells were taken to study the comparative
expression of GSK3, AKT, and hnRNPA1 protein.
A172 comparatively expresses higher GSK3a and low
hnRNPA1, where as U373 and U87 expresses less
GSK3a (Fig.1). LN229 and U87 expresses high level of
AKT kinase, were used in subsequent studies, for
hnRNPA1 stability.

GSK3a knock down promotes survival
signaling pathway

Knocking down of GSK3a with two doses of
siRNA viz. 6nM & 10nM in U87 & A172 Glioma cells
augments phosphorylation at GSK3p (Tyr216)
activation and phosphorylation at GSK3 alpha (Ser 9)
is inactivation, resulted increase in expression of
hnRNPA1, c-Myc, p-ERK1/2 & Cyclin D1 (Fig.2A).
Similarly in A172 glioma cells expression of
hnRNPA1, c-Myc, p-ERK1/2 & Cyclin D1 were

prominently higher in GSK3a knock down cells at
high dose (Fig.2B). We also examined and compared
proliferation rate of US7MG control and U87-GSK3a
RNAI (lentiviral transduced) cells. From here our data
indicate that U87-GSK3a RNAi stable cells
proliferated many fold higher than U87MG control
cells, additionally compared proliferation rate of cell
after incubating cells with Temozolomide -alkylating
drug (100pM) (Fig. 2C). Under TMZ stress, GSK3
alpha knock down cells delayed Temozolomide
dependent inhibition in growth of cells. Cell counting
was performed using Hemocytometer at different
days (0, 1, 5 7). Then similar experiment was
performed where cytoplasmic and nuclear extracts
were made for normal cells as well as after treating
with Temozolomide for 48 hrs. Interestingly,
translocation of phosphorylated form of ERK1/2
kinase from cytoplasm to nucleus is relatively very
high. along with nucleus translocation effect on cMYC
and beta catenine was observed in Temozolomide
treated cells (Fig. 2D). This all making sense as
reported previously, that MAPKinase signaling and
[-catenin proto-oncogene in case of Glioma promote
proliferation and cancer stemness [47, 48].

U87 U373 LN229 Al172

e —__ - GSK3a

—

D G

Poncean Stain

Figure 1. Comparative expression of GSK3, Akt kinase and
hnRNPALI in glioma cell lines: Glioma cell lines (U87, U373, LN229 and
A172) protein Lysate were evaluated by western blotting for GSK3, Akt &
hnRNPAI. Ponceau staining was performed for equal loading control.

Over-expression of GSK3p or siRNA against
Gsk3a and Gsk3f kinase in glioma cell

hnRNPA1 expression was assessed in transiently
transfected GSK3p plasmid and Empty vector in U87
& U373 cells, where we have observed GSK3p
dependent increase in hnRNPA1 expression, with
decrease in GSK3a expression (Fig.3A), reveals auto
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regulatory effect of hnRNPA1 between GSK3(a/f)
isoforms. Further-more validated by measuring the
stability of hnRNPA1 in Gsk3a and Gsk3p knock
down cells at protein level, using cycloheximide
(100pg/ml) treatment at different time points (0, 2 &
4hr). Stability of HnRNPA1 is very much reduced in
Gsk3p knock down as well as in Akt knock down
cells, whereas hnRNPA1 is comparatively stable in
Gsk3a knock down cells (Fig.3B). Gene knock down
effect was phenotypically observed and pictures were
taken under phase contrast microscope, with or
without cyclohexamide (100pg/ml) treatment before
making lysates. More number of stressed cells or loss
of spindle shape phenotype were visualized in
Gsk3beta knock down cells compared to Gsk3 alpha
knock down U87 cells (Fig S3). Whereas, hnRNPA1
dependent signalling cascade after silencing
Gsk3alpha or Gsk3 beta in MCF7 cells (Breast Cancer
cells), is not significantly antagonistic in nature, as we
observed in glioma cells (Fig S2).

In another set of experiment using qRT-PCR
approach hnRNPA1 mRNA transcript is relatively
much higher in Gsk3a knock down cells however is
significantly reduced in Gsk3 p knock down cells
(Fig.4A). Therefore, hnRNPA1 expression dependent
alternative splicing in BIN1, RON, Mcl-1 & PKM
(Pyruvate Kinase) were evaluated in Gsk3a and Gsk3
B knock down U87 glioma cells. Expression of anti
apoptotic variants of BIN1 and MCL-1 along with
apoptotic splice variants of RON are therefore
decreased in Gsk3a knock down cells, whereas is
oppositely regulated in GSK3p knock down cells.
Moreover, ratio PKM2/PKM1 (Pyruvate kinase) is
also getting higher in Gsk3a knock down cells,
marker for glycolytic pathway (Fig.3C).

Expression of survival genes in Gsk3a & Gsk3f3
knock down glioma cells

Proto-oncogene c-Myc co-operates BCL-XL in
gliomagenesis. Moreover, Survivin is a potential
cancer biomarker of IAP family member, inhibits
apoptosis. These all three genes were significantly
much higher in Gsk3 alpha knock down cells and are
less in Gsk3p knock down cells (Fig 4B). Also
observed high mRNA transcript of differentially
expressed Cyclin’s (B1, D1, E1, E2) in Gsk3a knock
down & Gsk3B over expressing cells, however is
much lesser in Gsk3p knock down or hnRNPA1
knock down U87 cells (Fig 4C). Satisfactory knock
down of Gsk3a and Gsk3pB, hnRNPA1 and over
expression of Gsk3p at mRNA level expression were
evaluated by real time- qRT-PCR (Fig.S1).

HnRNPA1 gene cloned in expression vector was
transfected in U87 cells to study survival signaling
cascade. Our results demonstrated increase in

phospho-ERK1/2, phospho-AKT and c-Myc (Fig.4D),
thus felicitate survival signaling cascade. Further-
more, expression of GSK3a decreases in hnRNPA1

over-expressing cells, indicating autoregulation
between GSK3a/ 3 and hnRNPAL.

Comparison of survival signaling and apoptosis
in GSK3a and hnRNPAI knock down cells

p70S6K acts downstream of the mammalian
target of rapamycin (mTOR). Activation of p70S6K
and its downstream target ribosomal protein
S6Kinase mediates nutrient and mitogen-stimulated
translation, and is essential for cell growth and prolif-
eration [16]. From our study, we observed activation
of p70S6Kinase in GSK3a knock down cells where as
was downregulated in hnRNPA1 knockdown cells,
along with apparent increases GSK3a (Fig 5A),
thereby affecting cell viability (Fig 5B) and apoptosis
in Gsk3a and hnRNPA1 knock down cells (Fig.5 C).

Consistent with our previous results, our study
indicates oncogenic hnRNPA1 expression is depend
upon the absence of GSK3 alpha and over expressed
GSK3 beta in glioma cell.

Discussion

GSK3, a regulatory Ser/ Thr protein kinase, exists
in two distinct isoforms, GSK3a and GSK3 [17]. AKT
kinase dependent GSK3a/p signaling network in
various cancers is interpreted in varied outcomes,
more likely to be a survival, differentiation, migration,
apoptosis etc [18, 19]. Interfering directly GSK3a/p in
lung [20-22] or prostate cancer [23, 24] promotes
apoptosis. Under wide scale study, where selectively
inhibiting GSK3 kinase in gliomas intended to be a
promising candidate[25-28] promotes expression of
c-Myc dependent apoptotic proteins, and induces
cytotoxicity[29]. Majority of inhibitors used selective-
ly against GSK3p kinase also have many off targets,
includes GSK3a isoform, which is been reported with
distinct apoptotic function as reported in various
other cancers. Inhibition of GSK3p using AR-A014418
has been demonstrated to be a glioma inhibitory in
xenograft mouse model [30, 31], where also found
inactivation of GS5K3a phospho-Tyrosine in U87 MG.
From our previous study, inactivation of both GSK3p
along with GSK3a kinase, enhances apoptosis could
be because of dominant effect of GSK3f kinase in
gliomas [32]. Initiating apoptosis with challenge of
reoccurring event attempted us to study individual
GSK3 isoform function. One of the most prominent
observations of the present study is counteracting
effect of G5K3a and [ isofrom, where specific knock
down GSK3a promote ERK1/2 activation & cell
survival where as knocking down of GSK3p promotes
apoptosis.
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Figure 2. Knock down of GSK3a (6nM &10nM) elevates the expression of hnRNPAI, c-Myc, Cyclin D1, pTyr-GSK3: A) U87 MG, B) Al72 gliomas,
C) U87 MG CNT and GSK3 alpha Lentiviral transfected stable cells were plated in dishes (1X104/plate). Next day TMZ (100uM) were added in the cells. Cells were
harvested on the indicated days (days 1-7) and counted using hemocytometer. Proliferation curves were generated by plotting the number of cells against number of
days. D) U87 MG CNT and GSK3 alpha Lentiviral transfected stable cells were plated in dishes (1X104/plate). Next day TMZ (100uM) were added in the cells for 48
hrs and cytoplasmic and nuclear protein was extracted from the cells with the help of kit (Millipore). SDS gel was run followed with western blotting to check the
expression of proteins.
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GAPDH housekeeping gene for loading control. Densitometry was done using Image j available (NIH) software. (n=3, Mean*SE).

Many previous reports showed activated
ERK1/2, is quite likely correlated with activated state
of growth factor receptors [33], with inactivation of
GSK3 kinase [34, 35]. Many evidences of ERK1/2
activation been reported in glioma, breast cancer,
melanoma, head and neck cancer, lung cancer [36].
Phosphorylation of GSK3 beta kinase (Ser9)
inactivates its regulatory apoptotic effect [37]. GSK3
was also proposed as a negative regulator of ERK1/2
in colon cancer [38] where both ERK1/2 and
PI3kinase antagonizes GSK3p activity [39].
Phosphorylated ERK1/2 depending upon localization
have diversified cytoplasmic and nuclear substrate,
apparently involve in cell apoptosis or proliferation
[40]. From our previous published study, we did

observe inhibition of ERK1/2 activation in presence of
GSK3 kinase specific inhibitors, increases apoptosis
[32]. However, from our present study prominent
activation of ERK1/2 and hnRNPA1 thereby increases
cell proliferation and viability in GSK3a knock down
cells. Similarly, in another set of experiment transient
over expression of hnRNPA1 activates ERK1/2 and
suppresses GSK3a expression promotes cell survival,
comprehend our overall finding. Alteration in hnR-
NPA1 expression in glioma development context is
interesting approach to look down if it is GSK3
dependent, where we observed that GSK3f cooperate
with hnRNPA1 but not with GSK3a. Therefore, affec-
ting mRNA splicing is interesting to understand to
target the key pathways during glioma development.
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<0.001 (***) were considered significant.

Alternative splicing (AS) regulates gene
expression and thereby introduces proteomic
diversity [41]. Misregulation of AS is involved in
cancer development and tumor maintenance [42]. Till
date, AS event has been reported to be a challenging
task in predicting the therapeutic gene targeted
biology in gliomas, majority of gliomas reoccur with
very low patient survival. Here, we have observed
significant variation in the expression of hnRNP Al
after specific knockdown of GSK3a and P, which
helped us to put forth our investigation to explore the
alternative splicing pattern of few of the dominant
genes known to undergo alternative splicing and
contribute to tumorigenesis. We identified alternative
splicing events modified by hnRNP A1, among them
Mcl-1 an anti-apoptotic member of Bcl-2 family,
undergoes AS event which produces two functionally
distinct proteins, Mcl-1 (S) (pro-apoptotic) and Mcl-1
(L) (anti-apoptotic) [43, 44]. From our results, we have
detected a presence of dominantly expressing
anti-apoptotic  transcript variant after GSK3

knockdown. In addition, several studies done in
glioma’s demonstrated higher expression of M2
isoform of pyruvate kinase (PK) than M1 isoform of
PK expressed by normal tissues [45], thus limiting
pyruvate production and activating aerobic glycolysis
(Warburg effect) [46]. Mostly all glioma exhibits a
high ratio of PKM2 to PKM1 RNA expression. The
results of these studies are in agreement with our data
in showing that after GSK3a down regulation,
PKM2/PKM1 ratio is increased, indicating a possible
role of GSK3a in regulation of glycolytic tumor. The
present data suggests the antagonistic ability of both
GSK3 isoform (a/f) in promoting apoptosis and cell
viability, depending on the alternative splicing
patterns of these genes modulated by hnRNPAT.

This suggests somewhere inhibiting GSK3f
along with GSK3a restoration effect, could be best
strategy to inhibit glioma progression because
inhibiting GSK3 alpha turn out to promote splice
factor expression, is promoting alternative apoptotic
escape pathway.

http://www.jcancer.org
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Conclusion

Isoform specific role of GSK3a/f in gliomas has
not yet been elucidated. Dissecting the role of GS5K3a
in glioma helped us to determine the contradictory
function of both the isoforms. Silencing GSK3a led to
activation of ERK1/2 as well as hnRNPA1, increases
anti-apoptotic splice variants. Thus, proliferation of
glioma cell increases. Our study has shed light to
target GSK3 beta isoform along with restoration of
GSK3 alpha in gliomas.
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