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Abstract: Background: Existence of acquired or intrinsic resistance to Temozolomide (TMD) remains a point of con-
cern in treating glioblastoma (GBM). Here we established mechanism by which Phenethyl isothiocyanate (PEITC)
reverses TMD resistance in T98G cell lines both in vitro and in vivo. Methods: For the study TMD-resistant cell lines
were generated by stepwise exposing the parental cell lines (U87 and U373) to TMD. The 50% inhibitory concentra-
tion (IC,) values were established. MTT assay was done for cell survival studies, apoptosis assay by FITC Annexin
V/PI staining, luciferase reporter assay for NF-kB transcription activity, cell colony survival and cell invasion assay,
protein expression by western blot was done. For in vivo studies nude mouse model of GBM was established, TUNEL
assay was done for apoptosis in tumor specimens. Results: We established that T98G, U87-R and U373-R showed
higher NF-kB activity and exhibited higher IC, of TMD with significantly increased MGMT expression compared to
untreated cells. Next, we found that PEITC suppressed proliferation of resistant GBM cells, inhibited NF-kB activity,
decreased expression of MGMT and reversed the resistance in U373-R, U87-R and T98G cells. Exposure to PEITC
followed by sequential treatment of TMD produced synergistic effect. In U373-R grafted xenografts mouse model
PEITC suppressed cell growth and enhanced cell death. Conclusion: Altogether, the present research established
that combination of PEITC with TMD could enhance its clinical efficacy in resistant GBM by suppressing MGMT via
inhibiting NF-kB activity.
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Introduction

Glioblastoma multiforme (GBM) is graded to be
one of the commonest types of I human brain
tumor for malignancy having high rate of mor-
tality. Even though treated with multimodality
therapeutic approaches such as chemothera-
py, surgery and radiation the survival time is
less than 1 year [1]. Advancement in search of
new molecules to halt GBM is the prime goal
of research today. One of the major advance-
ment that GBM therapy has undergone is by
making use of DNA alkylating agents such as
Temozolomide (TMD) [2]. TMD is a potent alkyl-
ating agent administered by oral route and is
proved to have low toxicity, the molecule is
reported to exert anticancer activity via inter-
fering replication of DNA. Clinical studies have

evidenced increased life span with quality in
patients undergoing TMD therapy [3, 4]. How-
ever, occurrence of resistance against TMD in
treating GBM results in inadequate outcomes
and also leads to dismal prognosis. The find-
ings till now suggest involvement of 0%-methy-
Iguanine-DNA methyl transferase (MGMT) for
resistance of TMD against GBM cells. MGMT is
key enzyme responsible for replication of DNA
and growth of GBM cells [5, 6].

MGMT is reported to act via targeting alkyl
group by removing it from the DNA and convert-
ing them to an internal cysteine residue [7].
MGMT has been found to be the most impor-
tant enzyme responsible for producing resis-
tance in cancer cells against TMD [8]. Increased
expression of MGMT in patients of GBM is
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reported to have poor prognosis compared to
those having lower levels of MGMT. Studies in
preclinical as well as in clinical phase have con-
cluded MGMT as the responsible factor in
decreasing TMD mediated death of GBM cells
[9, 10]. MGMT mediated methylation is consid-
ered to be an important predicating feature for
clinical response to radiotherapy and associat-
ed survival in GBM [11, 12].

Transcriptional factors such as NF-kB, AP-1,
p53 and HIF-1a are reported to be involved in
regulation of MGMT mediated transcription of
cancerous cells [13-15]. NF-kB is a protein
responsible for transcription by binding to a
specific DNA sequence in a specific gene caus-
ing immunoregulation, growth, inflammation,
cancer and apoptosis [16]. Upon activation,
NF-kB can act as an oncogene in humber of
tumors promoting proliferation of tumor cells,
inhibiting the activity of NF-kB could substan-
tially increase the apoptotic activity of the alkyl-
ating agents [17].

In a study reported earlier involving HEK293
cells, NF-kB-p65 a subunit of NF-kB resulted in
increased expression of MGMT, whereas NF-kB
inhibitor abolishes the increased expression of
MGMT. Reports have confirmed that MGMT
plays a crucial role in resistance to alkylating
agents via NF-kB pathway as MGMT has been
found to be a target gene for NF-kB [14]. Hence,
any inhibition to NF-kB-MGMT pathway could
be helpful in overcoming TMD resistance in
treating GBM.

Among the Isothiocyanate family Phenethyl iso-
thiocyanate (PEITC) is one of the most impor-
tant compound found in cruciferous vegeta-
bles, the compound is found to be effective in
number of cancers such as breast, prostate,
oral, ovarian and lung cancer [18]. The litera-
tures have suggested number of mechanisms
contributing to anti-tumor activity of PEITC
which include detoxification enzymes [19], inhi-
bition of cytochrome p450 enzymes, activation
of death receptors 4 and 5 [20] and oxidative
stress [21]. One of the study concluded anti-
cancer activity via suppression of MAPK and
NF-kB signaling pathway in gastric cancer cell
lines [22].

Looking into the potential of PEITC in suppress-
ing MGMT we postulated synergistic role of
PEITC to TMD in TMD resistance GBM cell lines.
In the present work, we evaluated the possible
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synergistic effect of PEITC in combination with
TMD and hypothesized that PEITC could medi-
ate anticancer effect of TMD partially via by
NF-kB-dependent pathway decreasing expres-
sion of MGMT.

Methods
Reagents, chemicals and antibodies

Temozolomide (TMD) was procured from Santa
Cruz Biotec, CA. The stock solution (100 mM) of
TMD was prepared by dissolving in dimethyl sul-
phoxide (DMSO) (Sigma, USA). The stock of
Phenethyl isothiocyanate (PEITC) (Sigma, USA)
was prepared in DMSO to obtain stock solution
of resultant concentration 100-mM. Both TMD
and PEITC were diluted in fresh Dulbecco’s
modified Eagle’s medium (DMEM) (Merck, USA)
to obtain 100 uM solution of each. Care was
taken in preparing TMD solution for concentra-
tion not exceeding more than 1% so as the cell
growth remains unaffected. Antibodies such as
MMP-2, MMP-9, p65, caspase-3 and Ki-67
against MGMT were procured from Abcam,
USA.

Cell culture

For the study human GBM cells (T98G, US7MG,
A172, and U251) were collected from American
Type Culture Collection (Rockville, MD). The cell
lines were cultured in DMEM medium along
with 10% fetal bovine serum (FBS) in an incuba-
tor maintained at 37°C and 5% CO, in humid
conditions. The selected cells were transferred
to medium free of serum 24 h before experi-
ments. Temozolomide and PEITC were added to
culture medium in predefined concentrations.
Control group of cells were treated with DMSO
diluted in Dulbecco’s modified Eagle’s medium
at 100 uM.

Western blot analysis

For western blot analysis the GBM cells were
subjected to lyses at 4°C for 30 min in a solu-
tion of Tris buffer (50 mM, pH 8.0), sodium chlo-
ride (150 mM), EDTA (5 mM), Nonidet p-40
(1% v/v), aprotinin (20 g/mL), phenylmethylsul-
fonyl fluoride (1 mM) and leupeptin (25 g/mL).
The protein extracts were determined using
Pierce™ SDS-PAGE Sample Prep Kit (Thermo
Scientific™), followed by transfer to a polyviny-
lidene difluoride (PVDF) membrane. The ob-
tained fraction was then treated with Tris-HCI
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Figure 1. Expression of MGMT in GBM cell lines.
The expression of MGMT is found to be positively
expressed in T98G cells, whereas it is negatively ex-
pressed in other selected cell lines.

Table 1. IC_, values (dose required for inhibit-
ing 50% cell population) of various glioma
cell lines exposed to TMD

Cell lines IC., TMD (uM)
T98G 3468.8

U373 529.8

LN229 987.4

us7 766.4

U251 891.4

buffer (20 mM, pH 7.5), sodium chloride (500
mM), non-fat milk (5%) for 2 h at room tempera-
ture conditions followed by incubation with spe-
cific antibody (MMP-2, MMP-9, p65, caspase-3
and Ki-67) overnight at 4°C, the blots were
imaged using Immobilon Western Chemilu-
minescent HRP Substrate (Merck Millipore).

Cell survival studies (MTT assay)

The cell survival studies and 50% growth inhibi-
tory concentration i.e IC,, of TMD or PEITC in
both parental and TMD resistant cell lines was
done by methyl-thiazolyl-tetrazolium (MTT)
assay. Briefly the cells were subjected for cul-
ture in 96-well plates (Thermo Scientific, USA)
at density of 5 x 108 cells/well consisting 10%
fetal bovine serum (FBS), followed by incuba-
tion for 24 h. The culture medium was added up
with TMD at concentrations ranging from O,
500, 1000, 2000, 3000, 4000, 5000 and
6000 uM while PEITC was added at concentra-
tion ranging from 0, 10, 20, 30, 40 and 50 uM.
After incubation of 48 h, MTT (Sigma Aldrich,
USA) at 5 mg/ml dissolved in PBS was added in
each well followed by incubation of 4 h at 37°C.
The supernatants were aspirated carefully; the
Formazan crystals formed during MTT assay
were dissolved in DMSO followed by measure-
ment of optical activity at 490 nm using a
microplate reader (Bio-Rad, USA). The suppres-
sion in viability in various treatment groups, all
the experiments were performed in triplicate.
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Cell colony survival assay

For the assay each cell line i.e. US7-R, U373-R
and T98G cells were plated in 94-mm petri
dishes with each containing 10 ml of culture
medium along with 10% FCS. The cells were
allowed to attach overnight. The cells were then
exposed to defined concentrations of PEITC i.e.
0, 10 or 20 uM, followed by colony formation
assay as per the procedure described by
Salloum et al. [23]. Presence of more than 50
or more cells was selected as criteria for count-
ing surviving colonies after observing under
microscope.

Cell invasion assay

The cancerous cells were exposed with differ-
ent concentrations of PEITC (10, 20 and 30 uM.
After receiving pretreatment for 8 h, TMD (270
MM) was added to cells. The cell invasion ability
of cancerous glioma cells was evaluated after
48 h using Corning® Transwell® (Sigma-Aldrich,
USA) following manufacturer’s instructions.

Cell apoptosis assay (FITC Annexin V/PI stain-
ing)

For studying the effect of PEITC on cell apopto-
sis, Annexin V assay was done with the help of
FITC Annexin V Apoptosis Detection kit (Abcam,
USA) for detection of apoptosis. Briefly, the
cells previously cultured in 6-well plates for 24
h were treated with PEITC (10, 20 and 30 pyM)
followed by addition of TMD (270 uM) after 8 h,
the cells were cultured for 48 h. The cells were
collected and subjected to washing using cold
PBS and incubated for 15 min along with fluo-
rescein-conjugated Annexin V and propidium
iodide followed by analysis using Attune Nxt
Flow cytometer (Invitrogen, Thermo scientific,
USA) equipped with Attune™ NxT Software.
Annexin V-positive cells were reported to be
apoptotic, whereas the cells negative to
Propidium lodide (Pl) and Annexin V were count-
ed as normal. Extent of apoptosis was estab-
lished by measuring activation of caspase-3/7
using Cell Meter™ Live Cell Caspase 3/7
Binding Assay Kit (AAT bioquest).

Luciferase reporter assay (NF-kB transcription)

The GBM Cells were subjected to seeding (1.5
x 104 in 24 well plates for 24 h. Luciferase
reported plasmid (100 ng) containing NF-«kB
plasmid was transfected in GBM cell lines with
the help of Lipofectamine 2000 reagent (Th-
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Figure 2. Temozolamide resistance in GBM cell lines (U373, U373-R, U87 and U87-R). A. Drug sensitivity assay for
IC,, values of U373, U87 parental and resistance i.e U373-R and U87-R cell lines. B. NF-kB transcription activity
in both U373-R and U87-R cell lines was significantly activated compared to their parental cell lines (**P < 0.01
compared to respective parental cell lines). C. Expression of MGMT in Temozolamide resistant cell lines showed

increased expression in resistance cells.

ermo Fisher Scientific, USA) as per the manu-
facturer’s instructions. The Luciferase activity
was measured after 48 h of transfection with
the help of Luciferase assay kit (Promega, WI).
For study three independent experiments were
done, all the results were represented as mean
+ SD.

Nude mouse model of GBM

The animal studies were in accordance to ani-
mal ethical guidelines of China-Japan Union
Hospital of Jilin University, the approval number
of the study sanctioned was CJUHJU/DNS/
AEC/17-18/078. For the study female mice
aging 4-6 weeks mice were divided into 4
groups (6 in each group) (control, PEITC treat-
ed, TMD treated and combination of PEITC+TMD
treated group). All the selected mice were inoc-
ulated with U373-R GBM cells by subcutaneous
route in the right flank. The tumors were allowed
to grow till the size reached near to 200 mm?,
after this treatment regimen started with TMD
50 mg/kg/day in respective group for 5 days in
a week for next 28 days, PEITC was injected by
subcutaneous route (50 mg/kg/day) for 4
weeks. The 4" group of mice received com-
bined treatment of TMD (50 mg/kg) along with
PEITC (50 mg/kg) for 5 days in week for 28
days. The control group received isotonic saline
(0.9% w/v). At the end of protocol, all the ani-
mals were sactrificed by CO, asphyxiation meth-
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od for recovering tumors and evaluating them
further.

Terminal deoxynucleotidyltransferase-mediat-
ed dUTP nick end labeling (TUNEL) assay

TUNEL assay was done by in vivo studies to
assess apoptosis in tumor specimens of ani-
mal model using TUNEL assay kit (Thermo
Fischer) opting manufacturer’s protocol.

Statistical analysis

All the data are presented as mean * stan-
dard deviation of experimental values. The dif-
ferences were established by ttest using
Graph Pad software. Results with P-value <
0.05 or P < 0.01 were considered statistically
significant.

Results

Expression of MGMT in different GBM cell
lines

Expression of MGMT was assessed in various
types of GBM cell lines (T98G, US7MG, A172
and SHG44 cells) selected for the study. From
the experiment it was found that MGMT protein
was highly expressed in T98G cells and was
towards lower side or not expressed in US7TMG,
SHG44 and A172 cells (Figure 1). The results
were similar to MGMT mRNA status which sug-
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Figure 3. Anti proliferative effect of PEITC on Temozolamide resistant GBM cells. A. PEITC inhibits cell viability in
T98G, U373-R and U87-R cell line in a dose dependent manner. (°P < 0.05, **P < 0.01, P < 0.001 compared to
dose of 10 uM). B. A significant decrease in number of colonies (""P < 0.01) for concentration 10 and 20 uM was
observed for U373-R and U87-R, whereas in T98G cells, concentration of 20 pM resulted in significant decrease
compared to control (""P < 0.01, *P < 0.05 compared to untreated cells).

gested higher expression in T98G cells. The
results of IC,  suggested variable values of
TMD in different cell lines, it was found that IC,
values were higher in T98G cells compared to
other cell lines (Table 1) hence T98G cell lines
were established to be TMD resistant and were
chosen for further experiments.

Establishment of Temozolomide-resistant
U373 and U87 GBM cell lines via exposing to
TMD

In the present study Temozolomide-resistant

U373 and U87 GBM cell lines were developed
successfully by exposing the cells to increasing
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concentration of Temozolomide in a stepwise
manner for 6 months. The two cell lines were
found resistant to any TMD exposure further.
The IC, values of U373 and U87 were found to
be 2120.1 versus 529.8 yM and 3242.10 ver-
sus 766.4 yM of TMD compared to their paren-
tal cell lines, the TMD resistant cell lines were
nearly 4 times more resistant compared to
their parental cell lines (Figure 2A). The resis-
tant character against TMD is associated with
activation of transcription factor NF-kB [24],
hence we submitted both the resistant cell
lines for measurement of NF-kB activity by
transfecting cells with pNF-kB-luc reporter plas-
mids. The NF-kB transcription was activated
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Figure 4. Results of IC50 values for PEITC for T98G,
U373-R and U87-R cell lines were 50.4, 50.1 and
56.4 uM respectively.

significantly in both the TMD resistant cell lines
compared to their parental (Figure 2B). Later in
the study expression of MGMT was also evalu-
ated in TMD-resistant cell lines by western blot
studies suggesting increased expression of
MGMT in both U373-R and U87-R cell lines
compared to control (Figure 2C). The experi-
ment hence concluded a relation between
TMD-resistance and activity of NF-kB.

PEITC inhibits colony formation and prolifera-
tion of TMD resistant cell lines

In the present investigation we proposed to
evaluate inhibitory role of PEITC against TMD
resistant cells. The antiproliferative effect of
PEITC was evaluated by colony formation and
MTT assay. The U373-R, T98G and U87-R cells
were treated with 0, 10, 20, 30, 40 and 50 uM
of PEITC for 48 h, number of viable cells were
counted. The outcomes of MTT assay suggest-
ed growth inhibitory effect in dose dependent
manner of PEITC on the selected cell lines
(Figure 3A). The findings of colony formation
assay suggested that cells treated with PEITC
10 and 20 uM for 48 h tend to form less colo-
nies as compared to control (P < 0.01) (Figure
3B). Overall the results suggested inhibitory
effect of PEITC on growth of TMD resistant cell
lines.

PEITC decreases the expression of MGMT in
TMD resistant glioblastoma cells

Experiment for IC_, value was done in order to
choose a correct dose for studying in vitro
effects of PEITC on the three selected GBM cell
lines. The IC, values of PEITC for T98G, U373-R
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and U87-Rwas 50.4, 50.1 and 56.4 uM respec-
tively the results are presented in Figure 4. The
concentrations selected for further experi-
ments were less than the IC_ values. For ana-
lyzing whether PEITC would enhance the sensi-
tivity of TMD resistant glioblastoma cell lines
by decreasing the levels of MGMT via inhibit-
ing NF-kB, the effect of PEITC on NF-kB tran-
scription activity was examined. Transfection of
T98 was done with NF-kB reporter plasmids.
The transfected cells were exposed to various
concentrations of PEITC (Figure 5A) for differ-
ent time intervals (3 h and 6 h). The outcomes
of study suggested significant attenuation of
transcriptional activity of NF-kB with increas-
ing dose. The Luciferase activity significantly
decreased with increasing concentration of
PEITC, more significantly with increased expo-
sure time. Previously a study has been reported
suggesting MGMT as a target gene for NF-kB
[14]. On western blot analysis, decreased
expression of MGMT was observed with
increasing concentration of PEITC in Temozo-
lomide resistant GBM cell lines (Figure 5B).

PEITC enhances cytotoxicity of TMD and
reverses the resistance in glioblastoma cells
in vitro

To fix a dose of Temozolomide which would evi-
dence no growth inhibitory effect on TMD resis-
tant cell lines was selected by exposing differ-
ent doses of TMD, a dose 270 uM was finalized
which resulted in no growth inhibitory effect. In
order to analyze synergistic role of PEITC in
enhancing cytotoxicity of TMD, various dose
response model were created such as nonlin-
ear regression of a sigmoid model and combi-
nation index (Cl) approach. Initially the cells
(U373-R, T98G and U87-R) were simultaneous-
ly treated with TMD and each selected concen-
tration of PEITC, the results suggested an
antagonistic effect (Cl > 1). However, the effect
was synergistic when the exposure pattern was
reversed (Cl < 1) i.e. sequential treatment
beginning with PEITC first at different concen-
trations for 8 h and then followed by TMD. The
exposure pattern resulted in high values of
dose reduction index (DRI) indicating that
doses of TMD could be reduced (Table 2). The
TMD resistant cells were exposed to PEITC (8 h)
first and then followed by TMD for further exper-
iments. Further, Transwell Matrigel invasion
assay was done to establish the synergistic
effects of PEITC and TMD on cell invasive ability
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Table 2. Effect of median doses for studying the effect of PEITC treat-
ment at various doses along with Temozolamide

U373-R cells
Sequential addition of TMD (270 yM) Concomitant addition of TMD (270 uM)
PEITC (uM) fa Cl DRI PEITC (uM) fa Cl DRI
10 0.28 0.92 2.55 10 0.03 14.2 0.32
20 0.52 0.80 6.40 20 0.04 452 0.21
30 0.78 0.52 7.10 30 0.18 1.45 0.09
U87-R cells
Sequential addition of TMD (270 pM) Concomitant addition of TMD (270 uM)
PEITC (uM) fa Cl DRI PEITC (uM) fa Cl DRI
10 0.36 0.71 3.95 10 0.02 845 0.88
20 0.42 0.60 6.10 20 0.03 6.10 1.11
30 0.66 0.20 124 30 0.05 3.16 1.35
T98G cells
Sequential addition of TMD (270 yM) Concomitant addition of TMD (270 puM)
PEITC (uM) fa Cl DRI PEITC (uM) fa Cl DRI
10 0.40 0.60 3.10 10 0.01 14.2 0.18
20 0.64 0.41 5.41 20 0.02 8.40 0.51
30 0.78 0.17 16.4 30 0.15 4.10 0.89

fa, fraction affected, Cl, Combination index, DRI, Dose reducing index.

of U373-R, T98G and U87-R cells. The results
clearly indicated in sufficiency of TMD alone in
inhibiting cell invasion; however the U373-R,

three resistant cell lines with increasing concentrations.

T98G and U87-R cells
which received pretreat-
ment of PEITC at different
concentrations combined
with TMD showed signifi-
cant reduction in cell inva-
sion capacity (Figure 6A).
Further study was done
to mark the effect of PE-
ITC on TMD-induced ap-
optosis, it was observed
that TMD alone do not
inhibited cell invasion but
the on receiving pretreat-
ment of PEITC at different
concentrations combined
with TMD caused decreas-
ed cell invasive capacity
(Figure 6A).

On investigating the effect
of PEITC on apoptosis
inducing capacity of TMD,
it was observed that TMD
alone was ineffective in

causing apoptosis compared to control, how-
ever the resistant cells on receiving pretreat-
ment of PEITC followed by TMD caused signifi-
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at 10 and 20 yM combined with TMD 270 uM. B. The outcomes of FACS analysis showed that PEITC enhanced the TMD mediated apoptosis significantly (P < 0.01)
at dose of 20 uM combined with 270 uM of TMD. C. The caspase 3/7 activity increased significantly in all the three cell lines exposed to PEITC at 10 and 20 uM
combined with TMD 270 uM.
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cant rise in apoptotic mediated death at lower
dose of PEITC. The outcomes suggested a syn-
ergistic role of PEITC pretreatment and TMD in
causing apoptosis (Figure 6B). The results indi-
cating synergism were supported by elevated
caspase-3/7 activity (Figure 6C). All the results
collectively supported pretreatment of PEITC in
reversing the extent of TMD resistance in glio-
ma cells.

PEITC enhances sensitivity towards TMD in
animal models (in vivo)

We investigated the potentiating effect of PEITC
in combination with TMD by xenograft growth
assay in glioma xenograft nude mouse models.
We found that TMD alone was ineffective in
suppressing growth of tumors induced by
U373-R cell lines (P > 0.05). However a signifi-
cant suppression in tumor growth was observed
by PEITC alone as compared to control (P <
0.05), combination of PEITC along with TMD
suppressed growth of tumors more significantly
compared to control (P < 0.01). The tumor mass
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Figure 7. The in vivo studies using GBM tumor
mouse model confirmed PEITC increased the
sensitivity against Temozolamide. A. The tumor
volume decreased significantly after 25 days
of treatment compared to control (P < 0.01). B.
The combined treatment of PEITC with TMD de-
creased the expression of MGMT, MMP-2, MMP-
9, p65 and Ki-67 whereas showed expression of
caspase 3. C. The TUNEL assay demonstrated
increase in number of TUNEL positive cells indi-
cating xenograft apoptosis.

reduced significantly in group treated with com-
bination compared to control (P < 0.01) and
respective individual treatments (Figure 7A),
proving effectiveness of combining PEITC along
with TMD against TMD-resistant glioma xeno-
grafts animal model. To confirm this further,
TUNEL and western blot analysis was done. The
expression of NF-kB p65 and MGMT decreased
in group of animals receiving combined treat-
ment of PEITC and TMD. The levels of MMP2/9
and Ki-67 decreased and expression of cas-
pase-3 was found to be increased in animals
receiving combined treatment as compared to
their individual treatments (Figure 7A), the
results were parallel to results of in vitro stud-
ies. The results of TUNEL assay confirmed the
synergistic effect of combination in vivo (Figure
7C).

Discussion
Pre-existing chemo resistance is one of the

important factors responsible for selecting an
aggressive therapeutic course in treating GBM

Am J Transl Res 2019;11(2):696-708
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leading to poor success rate. TMD is used as a
first line agent in treating patients diagnosed
with GBM, resistance to TMD in majority of
cases has become an matter of concern in
treating GBM [25, 26]. Numbers of studies
have emerged with agents contributing in
enhancing the sensitivity of GBM towards TMD
[27, 28].

GBM is found to be involved with different types
of tumors having variable response to different
chemo agents due cell lines having specific
genetic makes. Numbers of pathways are dis-
covered to be involved in resistance mecha-
nism of GBM [29, 30]. Activity of Nuclear factor-
KB (NF-kB) is regarded to be as a prominent
factor involved in transcription of MGMT which
is independent of MGMT methylation and is
over-expressed as response to DNA damage,
amplification of tumor, invasion and chemo
resistance [31]. As previously reported, over
expression of NF-kB leads to tumor growth and
also is linked with resistance towards chemo-
therapy involving alkylating agents [32]. Nu-
mbers of compounds having NF-«kB inhibitory
effect are in development, such as Triptolide,
Dehydroxymethylepoxyquinomicin and Smac
Mimetic which are found to inhibit NF-kB activi-
ty and increase the chemo-sensitivity of GBM
cell lines towards TMD [33-35]. The evidences
in all of these studies suggest inhibition of
NF-kB activity can lead to enhanced sensitivity
of GBM cells towards alkylating agents such as
TMD and the approach can successfully be
employed in treating cases of acquired or
induced chemo resistance.

Despite these, concluding studies regarding
role of NF-kB, development of potential thera-
peutic agents for improving efficacy of TMD are
still under investigational process for achieving
a needed clinical response. Recently a report
showing combination of TMD with natural bio-
active compound against GBM is presented
[36]. Therefore, the current study was under-
taken to study the chemosensitizing role of
PEITC in TMD resistant GBM cell lines. Here we
evaluated three GBM cell lines i.e T98G, U87-R
and U373-R (TMD resistance cell lines) and
found that all of them showed differential
expression of MGMT, we also found that T98G
showed significantly higher IC_; values of TMD
compared to other cell lines. In our study we
successfully developed TMD resistant GBM cell
model by exposing the cell lines with increasing
concentration of Temozolomide for six months.
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Phenethyl isothiocyanate (PEITC) is a member
of isothiocyanate family; a bioactive potential
compound found in cruciferous vegetables, it is
reported to be effective against number of can-
cers such as breast, prostate, oral, ovarian and
lung [18]. Several mechanisms have been evi-
denced for anticancer activity of PEITC such as
induction of apoptosis, cell cycle arrest, forma-
tion of reactive oxygen species and modulation
of NF-kB signaling pathway [37-41]. PEITC
causes apoptotic cell death of Gefitinib-
resistance NCI-H460 human cancer cell lines
in vitro by acting on mitochondria-dependent
pathway [43, 44].

NF-kB signaling pathway has been identified to
be one of the cascades responsible for the anti-
cancer effect of PEITC, [42] also the resistant
character against TMD in Gliomas is associat-
ed with activation of transcription factor NF-kB
[24]. In the present study we provide evidence
that PEITC could exert anticancer activity
against TMD resistant GBM cell lines and could
enhance the sensitivity towards TMD by down-
regulating the expression of MGMT via NF-kB
pathway. We demonstrated that treatment of
PEITC inhibited the proliferation of TMD resis-
tance cell lines. Next, we evidenced the sensi-
tizing effect of PEITC in TMD resistant cells by
blocking the NF-kB pathway and then we
focused our study on the synergistic effect of
PEITC along with TMD in inhibiting invasive-
ness, proliferation and inducing apoptosis in
both in vitro and in vivo models. We reported
pre-treatment of PEITC prior to exposing the
cells to TMD as a key feature of our study,
establishing the synergistic role of PEITC when
combined with TMD. We also found sequential
treatment of PEITC was required for enhancing
the sensitivity of cells towards TMD.

For creating TMD resistance cell lines we sub-
jected them to increasing concentration of
Temozolomide in a stepwise manner for 6
months. The cell lines showed elevated levels
of MGMT, which may be an important feature
associated with long time exposure to TMD.
These outcomes will definitely contribute in
studies involving TMD associated resistance
both in pre-clinical and clinical phase.

The novelty of the current research holds with
the finding that pre-treatment of PEITC to GBM
cell lines enhances the sensitivity towards TMD
by NF-kB pathway in TMD resistant cell lines.
Our reports propose that long-run treatment of
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TMD may cause in development of TMD resis-
tance and can lead to malignant phenotypes in
GBM cells. We establish PEITC as a potential
chemo-sensitizing agent which may turn TMD
resistance in glioma cells. Our findings could
successfully be applied into clinical phase for
dealing with gliomas showing resistance.
Overall the findings suggest PEITC may be a
molecule of potential clinical significance for
enhancing the sensitivity of glioma cells show-
ing TMD resistance.

Conclusion

The outcomes of in vitro and in vivo experi-
ments suggested potential role of PEITC aga-
inst Temozolomide resistant GBM cell lines.
Pretreatment of PEITC enhanced the sensitivity
of TMD resistant cell lines towards TMD by
inhibiting the activity of NF-kB and then
decreasing the expression of MGMT to reverse
the chemo resistance in U373-R, T98G and
U87-R cell lines in vitro. The outcomes of in
vivo studies in chemo resistant xenograft
mouse model were parallel to in vitro findings.
All the findings suggested PEITC could be a
potential molecule in treating chemo resistant
glioblastoma.
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