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Background:	 Despite	 advances	 in	 the	 treatment	 of	 glioblastoma	 (GBM),	 the	
prognosis	 of	 patients	 continues	 to	 remain	 dismal.	 This	 unfavorable	 prognosis	 is	
mainly	attributed	 to	 the	 tumor’s	propensity	 for	progression	and	 recurrence,	which	
in	 turn	 is	 due	 to	 the	 highly	 aggressive	 nature	 of	 the	 persisting	 GBM	 cells	 that	
actively	egress	from	the	main	tumor	mass	into	the	surrounding	normal	brain	tissue.	
Such	 a	 recurrent	 tumor	 described	 to	 have	 a	 more	 malignant	 potential	 is	 highly	
invasive	and	resistant	to	current	therapies,	probably	due	to	increased	stemness	and	
preferential	selection	of	therapy‑resistant	clones	of	tumor	cells.	However,	there	is	a	
paucity	of	literature	on	the	expression	of	biomarkers	in	the	recurrent	GBM	tumors	
that	 could	 have	 a	 role	 in	 conferring	 this	 aggressiveness.	 Aim:	 To	 identify	 the	
differences	in	the	expression	pattern	of	selected	biomarkers	in	paired	tissue	samples	
of	 GBM.	 Material and Methods: A retrospective	 study	 on	 30	 paired	 samples	
of	 GBM	 (newly	 diagnosed/primary	 and	 recurrent)	 archived	 in	 the	 Department	
of	 Neuropathology,	 NIMHANS	 (2006–2009),	 was	 carried	 out.	 After	 obtaining	
clinical	 and	 demographic	 details,	 tumors	were	 characterized	 histomorphologically	
and	 immunohistochemically	 on	 formalin‑fixed	 paraffin‑embedded	 tissues	 with	
reference	 to	 expression	 of	 biomarkers	 such	 as	 p53,	 epidermal	 growth	 factor	
receptor	 (EGFR),	 insulin‑like	 growth	 factor	 binding	 protein	 3	 (IGFBP‑3),	 sex	
determining	 region	Y‑box	2	 (SOX2),	and	 topoisomerase	2	A	(Top2A).	The	 results	
were	statistically	analyzed.	Results:	 It	was	observed	 that	while	p53	and	 IGFBP‑3	
expression	 remained	 unaltered	 in	 paired	 samples,	 a	 significant	 increase	 in	 the	
expression	 of	 EGFR	 (P	 <	 0.01)	 was	 noted	 in	 the	 recurrent	 tumors.	 Among	 the	
other	 biomarkers,	 SOX2	 expression	 was	 higher	 in	 the	 recurrent	 tumors	 when	
compared	 to	 the	primary	 tumors	 (P	<	0.01).	Conversely,	 the	expression	of	Top2A	
was	 reduced	 in	 recurrent	 tumors	 (P	 =	 0.05).	Mild	 elevation	 in	 the	 expression	 of	
IGFBP‑3	 was	 observed	 in	 recurrent	 tumors	 but	 was	 not	 statistically	 significant.	
Conclusion: A significant	 increase	in	the	expression	of	SOX2	in	recurrent	 tumors	
probably	 indicates	 the	 presence	 of	 undifferentiated	 cells	with	 stem‑like	 properties	
in	these	tumors.	EGFR	is	known	to	mediate	SOX2	expression	thereby	resulting	in	
stemness	of	the	glioma	cancer	cells,	which	could	further	explain	its	overexpression	
in	 recurrent	 GBMs.	 Furthermore,	 a	 decreased	 expression	 of	 TOP2A	 observed	 in	
the	 recurrent	 tumors	 could	 probably	 be	 due	 to	 reduction	 in	 chemosensitivity	 to	
temozolomide,	 which	 has	 been	 shown	 in	 earlier	 studies.	We	 also	 noted	 that	 p53	

Recurrent Glioblastomas Exhibit Higher Expression of Biomarkers with 
Stem‑like Properties
B. N. Nandeesh, Sharmistha Naskar1, Arun H. Shashtri, A. Arivazhagan2, Vani Santosh

Access this article online
Quick Response Code:

Website: 
www.ruralneuropractice.com

DOI: 
10.4103/jnrp.jnrp_417_17

Original Article

Departments	of	
Neuropathology,	1Clinical	
Neurosciences	and	
2Neurosurgery,	National	
Institute	of	Mental	Health	
and	Neurosciences,	
Bengaluru,	Karnataka,	India

A
bs

tr
ac

t

Address for correspondence: Dr. Vani Santosh, 
Department of Neuropathology, National Institute of Mental 

Health and Neurosciences, Bengaluru - 560 029, Karnataka, India. 
E-mail: vani.santosh@gmail.com

How to cite this article: Nandeesh BN, Naskar S, Shashtri AH, 
Arivazhagan A, Santosh V. Recurrent glioblastomas exhibit higher 
expression of biomarkers with stem-like properties. J Neurosci Rural 
Pract 2018;9:86-91.

This is an open access article distributed under the terms of the Creative Commons 
Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, 
and build upon the work non-commercially, as long as the author is credited and the new 
creations are licensed under the identical terms. 

For reprints contact: reprints@medknow.com



Nandeesh, et al.: Recurrent glioblastoma

87Journal of Neurosciences in Rural Practice ¦ Volume 9 ¦ Issue 1 ¦ January-March 2018

Introduction
Glioblastoma	(GBM)	is	the	most	frequent	and	aggressive	
malignant	 primary	 brain	 tumor	 in	 adults.	The	 neoplasm	
exhibits	 a	 significant	 intratumoral	 heterogeneity	 at	 the	
cytopathological,	 transcriptional,	 and	 genomic	 levels.[1]	
GBM	 harbors	 a	 plethora	 of	 cytological	 and	 molecular	
alterations	 and	 there	 are	 a	 discrete	 number	 of	 genetic	
and	 signaling	 pathway	 events	 that	 appear	 to	 be	 central	
to	GBM	pathogenesis	and	survival.	The	current	standard	
of	 care	 for	 GBM	 patients	 includes	 surgical	 resection	
followed	by	chemoirradiation.[2]	Despite	advances	 in	 the	
treatment	 of	 GBM,	 the	 prognosis	 continues	 to	 remain	
dismal.[3]	 The	 tumors	 invariably	 relapse,	 and	 treatment	
options	 are	 limited	 when	 this	 occurs.	 The	 guidelines	
for	 the	 management	 of	 recurrent	 GBMs	 are	 not	 well	
established.[4]

This	 unfavorable	 prognosis	 of	 GBM	 is	 mainly	 due	
to	 its	 high	 propensity	 for	 progression	 and	 inevitable	
recurrence	 and	 due	 to	 the	 aggressive	 behavior	 of	 the	
persisting	GBM	cells	 that	actively	egress	 from	the	main	
tumor	 mass	 into	 the	 surrounding	 normal	 brain	 tissue.	
Such	 a	 recurrent	 tumor	 has	 been	 described	 to	 be	 more	
aggressive,	 invasive,	 and	 more	 resistant	 to	 current	
therapies.	 The	 reason	 for	 this	 has	 been	 postulated	 to	
be	 due	 to	 increased	 stemness	 along	 with	 preferential	
selection	 of	 therapy‑resistant	 clones	 of	 tumor	 cells.[5]	
GBM	is	one	of	 the	most	 intensively	 investigated	human	
malignancies.	The	 heterogeneity	 of	GBM	at	 its	 cellular,	
molecular,	and	genetic	 levels	 is	more	pronounced	 in	 the	
recurrent	 setting	 making	 it	 one	 of	 the	 most	 complex	
tumors	being	studied	and	thus	hindering	the	identification	
of	 potential	 targets.[6,7]	 The	 current	 knowledge	 and	
literature	 regarding	 the	 molecular‑pathogenetic	 changes	
in	the	recurrent	GBMs,	especially	on	paired	samples,	are	
limited.[6‑11]

Our	 group	 had	 previously	 studied	 the	 role	 of	
well‑established	 markers	 such	 as	 p53	 and	 epidermal	
growth	 factor	 receptor	 (EGFR),	 as	 well	 as	 novel	
biomarkers,	 such	 as	 the	 insulin‑like	 growth	 factor	
binding	 proteins	 (IGFBP‑2,	 3,	 and	 5),	 and	 established	
their	 prognostic	 significance	 in	 newly	 diagnosed	
GBM.[12]	 The	 functional	 role	 of	 IGFBPs	 was	 also	
studied.[13]	 Furthermore,	 our	 team	 had	 shown	 that	
topoisomerase	 2	A	 (TOP2A)	 transcript	 levels	 determine	

the	 chemosensitivity	 of	 GBM	 to	 temozolomide	
therapy	 and	 that	 increased	 TOP2A	 levels	 improved	
survival	 in	 GBM	 patients	 receiving	 temozolomide	
chemotherapy.[14]	Since	the	role	of	these	biomarkers	is	not	
known	in	 the	recurrent	settings,	 in	 the	present	study,	we	
aimed	at	evaluating	and	identifying	the	differences	in	the	
expression	pattern	of	biomarkers	comprising	p53,	EGFR,	
IGFBP‑3,	 sex	 determining	 region	Y‑box	 2	 (SOX2),	 and	
Top2	A	in	paired	tissue	(newly	diagnosed	and	recurrent)	
samples	 of	 GBM.	 Knowledge	 of	 biomarker	 expression	
of	 matched	 sets	 of	 primary	 and	 recurrent	 GBM	 may	
shed	 light	 on	 the	 molecular	 heterogeneity	 and	 the	
temporal	 sequence	 of	molecular	 alterations	 that	 arise	 in	
response	 to	 the	 selective	 pressures	 of	 radiation	 and/or	
chemotherapy	in	the	recurrent	setting.

Materials and Methods
This	 is	 a	 retrospective	 study	 performed	 on	 archived	
formalin‑fixed	paraffin‑embedded	 (FFPE)	 sections	of	30	
paired	 samples	 of	 GBM	 (newly	 diagnosed/primary	 and	
recurrent)	 diagnosed	 and	 operated	 between	 2006	 and	
2009.	 All	 the	 patients	 before	 re‑surgery	 had	 received	
standard	 radiation	 therapy	 with	 concomitant	 followed	
by	 cyclical	 chemotherapy	using	 temozolomide.[12]	These	
patients	 represented	 a	 subset	 of	 the	 cohort	 evaluated	
in	 the	 previous	 study	 by	 our	 team.[12]	 The	 patients	
were	 followed	 up	 and	 recurrences	 were	 noted.	 After	
obtaining	 relevant	 clinical	 and	 demographic	 details	
from	 the	 case	 records,	 histomorphological	 features	
were	 reviewed	 using	 routine	 hematoxylin	 and	 eosin	
stain.	 Immunohistochemistry	 (IHC)	 was	 performed	 on	
archival	 FFPE	 sections	 of	 paired	 samples	 of	 GBM	 to	
detect	 expression	of	biomarkers:	 (a)	p53,	 (b)	EGFR,	 (c)	
IGFBP‑3,	 (d)	SOX2,	 and	 (e)	Top2A.	FFPE	blocks	were	
sectioned	 at	 3–4	 µm,	 deparaffinized,	 and	 rehydrated.	
Briefly,	 after	 the	 initial	 processing	 steps,	 100–200	µl	 of	
primary	antibody	was	added	to	each	slide	and	incubated	
for	 overnight	 at	 room	 temperature.	 For	 EGFR,	 rabbit	
polyclonal	 antibody	 from	 BIOGENEX	 (1:25	 dilution),	
for	 IGFBP3	 rabbit	 polyclonal	 antibody	 from	 Santa	
Cruz	 (1:50	 dilution),	 for	 SOX2	 rabbit	 monoclonal	
antibody	 from	 Cell	 signaling	 (1:100	 dilution)	 were	
used,	 whereas	 in	 case	 of	 p53,	 mouse	 monoclonal	
antibody		from	Biocare,	(1:100	dilution)	and	for	Top	2A	
mouse	 monoclonal	 antibody	 from	 Dako	 (1:70	 dilution)	

expression	 remained	 unaltered	 in	 the	 recurrent	 tumors	 when	 compared	 to	 the	 primary,	 suggesting	 the	 absence	 of	
preferential	clonal	expansion	of	p53	mutant	cells	following	exposure	to	radiochemotherapy.	Our	study	reiterates	the	
fact	that	GBM	recurrences	are	associated	with	molecular	alterations	that	probably	contribute	to	radiochemoresistance,	
increased	invasiveness,	therapeutic	efficacy,	and	stemness.

Keywords: Epidermal growth factor receptor, glioblastoma, recurrence, sex determining region Y‑box 2, 
topoisomerase 2 A
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were	 used.	 The	 sections	 were	 incubated	 with	 enhancer	
for	 30’	 (BIOGENEX,	 Santa	 Cruz).	 Supersensitive™	
poly‑HRP	 Secondary	 Antibody	 Kit	 from	 BIOGENEX	
and	 Santa	 Cruz	 was	 used.	 Labeled	 antigens	 were	
visualized	 by	 application	 of	 3’,3‑diaminobenzidine	 as	
the	 chromogen	 for	 10	 min.	 Scoring	 of	 the	 biomarkers	
was	 done	 according	 to	 the	 intensity	 and	 extent	 of	 the	
IHC	 staining	 of	 tumor	 cells	 on	 the	 basis	 of	 manual	
interpretation	 using	 a	 Binocular	 Microscope	 (Olympus,	
BX	 53).	 Negative	 controls	 were	 treated	 identically	
except	 that	 the	 primary	 antibody	was	 omitted.	A	 visual	
semiquantitative	grading	 scale	was	applied	 to	assess	 the	
intensity	of	 the	 immunoreactivity	 in	a	manner	similar	 to	
our	 earlier	 studies.[12‑14]	 The	 assessment	was	 as	 follows:	
zero	 (0)	 if	 the	 staining	 was	 absent,	 1+	 if	 it	 was	 weak,	
and	 2+	 if	 it	was	 strong.	Only	 2+	 staining	 intensity	was	
considered	 for	 analysis.	 The	 cytoplasmic	 and	 nuclear	
positivity	 were	 scored	 separately.	 The	 labeling	 index	
was	 expressed	 as	 a	 percentage	 of	 cells	 that	 showed	
2+	positive	staining	among	the	total	number	of	cells	that	
were	 counted.	A	minimum	 of	 2000	 cells	 were	 counted.	
To	 evaluate	 the	 difference	 in	 the	 extent	 of	 expression	
of	 various	 biomarkers	 in	 the	 initial	 and	 recurrent	GBM	
samples,	 paired	 t‑test	 was	 employed.	 A	 P	 <	 0.05	 was	
considered	to	be	statistically	significant.

Results
A	 total	 of	 sixty	 samples	 (30	 pairs)	 were	 included	
in	 the	 study	 and	 evaluated.	 The	 median	 age	 was	
48.35	years	(age	range:	30–77	years)	with	a	male:	female	
ratio	 of	 1.4:1.	 The	 recurrence	 period	 ranged	 from	
3	months	 to	 29	months.	Nuclear	 staining	was	 noted	 for	
p53,	 SOX2,	 and	 Top2A,	 while	 IGFBP‑3	 revealed	 both	
cytoplasmic	 and	 nuclear	 staining	 and	 EGFR	 showed	
membrane	 cytoplasmic	 staining.	 We	 observed	 an	
increase	 in	 EGFR	 and	 SOX2	 expression	 in	 recurrent	
GBM	 tumors	 when	 compared	 to	 the	 primary	 tumors.	
There	 was	 no	 observable	 change	 in	 the	 expression	

pattern	 of	 IGFBP‑3	 in	 the	 paired	 GBM	 samples.	
Furthermore,	we	noted	that	 the	extent	of	p53	expression	
remained	 identical	 in	 both	 initial	 and	 recurrent	 GBM	
samples.	 Interestingly,	 there	 was	 a	 reduction	 of	 Top2A	
expression	 in	 the	 recurrent	 tumors.	 The	 results	 and	 the	
statistics	 are	 indicated	 in	 Table	 1	 and	 Figure	 1.	 The	
representative	 IHC	 staining	 images	 of	 these	 biomarkers	
in	 the	 initial	 and	 recurrent	GBM	 tumors	 are	depicted	 in	
Figure	2a‑g.

Discussion
GBM	 is	 the	 most	 common	 malignant	 brain	 tumor	 in	
adults.[15]	 GBM	 almost	 always	 recurs	 even	 after	 the	
currently	 available	 multimodal	 therapy.	 The	 median	
time	 to	 disease	 recurrence	 is	 6.9	 months	 with	 >90%	
of	 GBM	 tumors	 recurring	 at	 the	 original	 site.[16]	 In	 the	
present	 study,	 the	 recurrence	was	 at	 the	 original	 site	 in	
all	 the	 cases.	 Recurrent	 GBMs	 are	 well	 documented	 to	
be	 more	 invasive,	 aggressive,	 and	 less	 susceptible	 to	
radiochemotherapy.	 The	 biological	 profile	 of	 recurrent	
tumors	 has	 been	 shown	 to	 be	 different	 from	 its	
counterpart	 newly	 diagnosed	 GBM.[17]	 Mechanisms	 of	
GBM	 progression	 and	 resistance	 to	 radiochemotherapy	
remain	 incompletely	 understood.	 Keeping	 in	 mind	
the	 effect	 of	 radiochemotherapy	 on	 preferential	

Table 1: Results of the protein (immunohistochemistry) expression of various biomarkers
Biomarker Sample 

(GBM)
n 

(pairs)
Median Mean Mean±SD Change 

in mean
SD SEM 95% CI of the difference Significant 

(2‑tailed)Lower Upper
EGFR Initial 30 22.5 25.17 25.17±25.478 −14.667 22.435 4.096 −23.044 −6.289 0.001

Recurrent 30 39.8 39.83 39.83±21.395
p53 Initial 30 10 25.17 25.17±27.714 −0.333 15.477 2.826 −6.113 5.446 0.907

Recurrent 30 20 25.50 25.50±24.856
IGFBP3 Initial 30 27.5 26.50 26.50±12.328 −1.000 22.027 4.021 −9.225 7.225 0.805

Recurrent 30 27.5 27.50 27.50±16.387
TOP2A Initial 30 10 32.48 32.48±11.534 10.05 11.7754 2.14989 5.6530 14.4470 0.001

Recurrent 30 29 22.43 22.43±13.139
SOX2 Initial 17 10 17.94 17.94±20.771 −20.294 24.010 5.823 −32.639 −7.949 0.003

Recurrent 17 35 38.24 38.24±13.913
EGFR:	Epidermal	growth	factor	receptor,	GBM:	Glioblastoma,	IGFBP‑3:	Insulin‑like	growth	factor‑binding	protein‑3,	TOP2A:	Topoisomerase	
2	A,	SOX2:	Sex	determining	region	Y‑box	2,	SD:	Standard	deviation,	SEM:	Standard	error	mean,	CI:	Confidence	interval

EGFR p53 IGFBP3 Top2 A SOX2
Initial 25.17 25.17 26.5 32.483 17.94
Recurrent 39.83 25.5 27.5 22.433 38.24
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Figure 1:	 Bar	 chart	 showing	 extent	 of	 expression	 of	 biomarkers	
(mean	labeling	index	values)	in	paired	samples
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elimination	 of	 the	 susceptible	 population	 of	 tumor	
cells,	 the	 current	 study	 evaluated	 the	 expression	 of	
biomarkers	 which	 included	 markers	 representing	
tumor	 suppressor	 gene	 protein	 (p53),	 growth	 factor	
receptors	 (proto‑oncogene‑EGFR),	 invasion	 (IGFBP‑3),	
stem	cell	(SOX2),	and	proliferation	(TOP2A)	biomarkers	
in	paired	 samples	of	GBM	from	a	cohort	of	30	patients	
who	underwent	uniform	postsurgical	radiochemotherapy.

Mutations	of	Tp53	gene	are	detected	in	65%	of	secondary	
and	 28%	of	 primary	GBMs.[18]	Although	 p53	 expression	
is	 only	 an	 indicator	 and	 not	 concrete	 proof	 of	 mutation	
in	 the	Tp53	 gene,	 it	 is	 often	 used	 as	 a	 surrogate	marker	
for	 Tp53	 mutations.	While	 p53	 expression	 has	 been	 an	
early	feature	in	low‑grade	gliomas,	it	was	noted	that	such	
population	 of	 p53	 expressing	 cells	 shows	 a	 preferential	
clonal	 expansion	 with	 increasing	 grades	 of	 the	 tumor.	
However,	such	a	phenomenon	in	GBMs	is	not	known.[19]	
We	 did	 not	 observe	 a	 change	 in	 the	 expression	 of	 p53	
in	 paired	 samples,	 indicating	 that	 the	 p53	 expression	
remains	 unaltered	 at	 recurrence.	 This	 probably	 suggests	
the	 absence	 of	 a	 preferential	 clonal	 expansion	 of	 p53	
mutant	 cells,	 following	 exposure	 to	 radiochemotherapy.	
Our	 observation	 is	 supported	 by	 an	 earlier	 study	 by	
Hulsebos	et	al.,	who	analyzed	12	match	paired	GBMs	and	
found	 new	 LOH	 at	 chromosome	 regions	 1p36,	 19q13,	
10q23,	 and	 1q25	 in	 recurrent	 tumors,	 but	 new	 Tp53	
mutations	were	not	observed.[6]	Deininger	et	al.	described	
a	 correlation	 between	 a	 high	 p53	 score	 (detected	 by	 the	
mAb	 DO‑1	 which	 detects	 wild‑type	 as	 well	 as	 mutated	
p53)	and	a	short	 time	to	tumor	progression	only	in	those	
patients	 who	 underwent	 radiochemotherapy.	 They	 also	
found	 that	 radiation	 treatment	 led	 to	 a	 reduction	 in	 p53	
scores	(detected	by	the	mAb	DO‑7	which	detects	mainly	
mutated	p53	protein)	and	an	increase	in	bcl‑2	scores.[20]

EGFR	overexpression	 is	detected	 in	nearly	50%	of	 cases,	
including	 over	 two‑thirds	 of	 those	 cases	 presenting	 as	 de 
novo	 primary	 GBMs.[21]	 The	 current	 study	 demonstrates	
a	 significant	 increase	 in	 the	 expression	 of	 EGFR	 protein	

at	 tumor	 recurrence	 suggesting	 a	 clonal	 expansion	 of	 the	
EGFR	 expressing	 cells	 following	 radiochemotherapy.	
EGFR	 expression	 has	 been	 shown	 to	 be	 induced	 by	
radiation	and	plays	a	key	role	in	repair	of	radiation‑induced	
DNA	 damage.[22,23]	 Our	 findings	 are	 in	 contrast	 with	 a	
previous	 study	 where	 the	 authors	 noted	 a	 decrease	 in	
expression	 of	 both	 EGFR	 and	 p53	 (wild	 type)	 in	 the	
recurrent	 sample.[24]	 The	 data	 from	 van	 den	 Bent	 et al.’	
study	showed	that,	in	spite	of	some	quantitative	differences,	
the	 EGFR	 status	 remained	 stable	 in	 the	 majority	 (84%)	
of	 tumors	 evaluated.[25]	 Stark	 et	 al.	 compared	 the	 IHC	
expression	 of	 p53,	 mdm2,	 EGFR,	 and	 msh2	 in	 initial	
GBM	 with	 that	 of	 recurrent	 lesions	 and	 found	 recurrent	
GBM	 exhibited	 reduced	 p53/mdm2/EGFR/msh2	
expression,	 in	contrast	 to	our	findings	on	p53	and	EGFR.	
However,	 neither	 p53/mdm2/EGFR/msh2	 expression	 nor	
reduced	expression	in	recurrent	GBM	was	associated	with	
survival.[26]

IGFBP‑3	 has	 recently	 been	 demonstrated	 as	 a	
GBM‑specific	 biomarker.[12]	The	 expression	 of	 IGFBP‑3	
has	 been	 shown	 to	 contribute	 to	 aggressiveness	 by	
bringing	 about	 increased	 proliferation,	 migration,	 and	
invasion.[12,27]	There	was	a	mild	increase	in	the	expression	
of	 IGFBP‑3	 in	 the	 recurrent	 tumors;	 however,	 the	
difference	was	not	statistically	significant.	This	probably	
suggests	 a	 possible	 redundancy	 of	 these	 proteins	 with	
respect	to	their	functional	role	in	a	recurrent	setting.

SOX2	is	considered	as	a	stem	cell	marker	 that	has	been	
shown	to	be	overexpressed	in	GBM	and	associated	with	
proliferation	 and	 tumorigenicity.[28]	 The	 transcriptional	
factor	 SOX2	 and	 EGFR‑mediated	 signaling	 are	
both	 required	 for	 self‑renewal	 of	 neural	 precursor	
cells	 (NPCs).	 However,	 the	 mechanism	 by	 which	 these	
factors	 coordinate	 and	 regulate	 this	 process	 is	 largely	
unknown.	The	maintenance	of	stemness	is	 thought	to	be	
associated	with	 poor	 outcome	 in	GBM.[29]	 In	 our	 study,	
we	noted	that	the	median	expression	level	of	SOX2	was	
significantly	 higher	 in	 the	 recurrent	 samples	 suggesting	

Figure 2:	Microphotograph	showing	glioblastoma	on	initial	diagnosis	–	A1	(H	and	E,	×50),	B1	(p53,	×100),	C1	(SOX2,	×100),	D1	(EGFR,	×200),	
E1	and	F1	(IGFBP‑3,	×100),	and	G1	(Top2A,	×100).	Microphotograph	showing	glioblastoma	on	recurrence	–	A2	(H	and	E,	×50),	B2	(p53,	×100),	
C2	(SOX2,	×100),	D1	(EGFR,	×50),	E2	and	F2	(IGFBP‑3,	×100	and	×200,	respectively),	and	G2	(Top2A,	×100)
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increased	 stemness	 in	 the	 recurrent	 GBM	 tumor.	
Increase	 in	 SOX2	 expressing	 cells	 in	 the	 recurrent	
tumor	 could	 be	 either	 due	 to	 an	 effect	 of	 radiation	 or	
chemotherapy‑induced	 stemness	 or	 preferential	 survival	
of	 glioma	 cells	 with	 stem‑like	 property.	 These	 initial	
findings	 could	 be	 further	 validated	 in	 larger	 cohorts	
since	 SOX2	 could	 be	 a	 potential	 molecule	 for	 the	
development	of	targeted	therapy	in	GBM.[28,30‑32]

DNA	topoisomerase	2	A	(TOP2A)	is	one	of	the	important	
isoforms	which	affects	 the	 topological	structure	of	DNA	
by	 interacting	with	 the	 double‑helix	DNA,	 thus	 playing	
an	 important	 role	 in	 DNA	 replication,	 transcription,	
recombination,	 condensation,	 and	 segregation.[33,34]	
In	 glioma,	 high	 levels	 of	 TOP2A	 mRNA	 and	 protein	
have	 been	 noted	 in	GBMs	 in	 comparison	with	 grade	 II	
and	 III	 astrocytomas.[35,36]	 Through	 functional	 studies,	
Arivazhagan	 et	 al.	 described	 the	 possible	 mechanism	
of	better	 response	of	GBM	with	TOP2A	overexpression	
to	 temozolomide	 chemotherapy.[35]	 They	 observed	
that	 temozolomide	 inhibits	 TOP2A	 activity in vitro 
and	 also	 demonstrated	 that	 TOP2A	 levels	 of	 glioma	
cells	 determine	 their	 sensitivity	 to	 temozolomide,	
with	 cells	 becoming	 resistant	 to	 temozolomide	 upon	
downregulation	 of	 TOP2A.[35]	 In	 breast	 cancers,	 it	 has	
been	reported	 that	amplification	of	TOP2A	may	account	
for	chemosensitivity	 to	anthracycline	 therapy.[37]	Further, 
in vitro studies	 using	 different	 experimental	 methods	
have	 previously	 proved	 that	 sensitivity	 to	 the	 TOP2A	
inhibitors	depends	on	 the	 level	of	 expression	of	TOP2A	
in	 cancer	 cells,	 that	 is,	 cells	 with	 a	 low	 concentration	
of	TOP2A	protein	are	less	sensitive	to	TOP2A‑inhibiting	
drugs	 than	 cells	 containing	 a	 high	 concentration	 of	
TOP2A.[37‑40]	 In	 the	 present	 study,	 significant	 reduction	
in	 the	 expression	 of	 TOP2A	 indicates	 inhibition	 of	 its	
expression	following	temozolomide	therapy.	Therefore,	it	
can	be	extrapolated	that	recurrent	GBM	tumors	probably	
would	 not	 respond	 to	 re‑challenge	 with	 temozolomide	
treatment.	 In	 fact,	 decreased	 expression	 of	 TOP2A	
is	 probably	 an	 important	 mechanism	 of	 resistance	 to	
several	chemotherapeutic	agents.

The	 development	 of	 targeted	 molecular	 therapy	 for	
managing	 recurrent	 GBMs	 in	 particular	 presents	
new	 opportunities,	 as	 well	 as	 new	 challenges.	 It	 will	
primarily	 require	 a	 validation	 of	 the	 expression	 pattern	
of	 targetable	 molecules	 in	 the	 recurrent	 GBM	 tumor	
tissues.	To	 accomplish	 this,	we	will	 need	 to	 develop	 an	
expanded	 understanding	 of	 the	 molecular	 and	 genetic	
changes	 in	 paired	 samples	 of	 GBM,	 which	 could	 be	
obtained	 through	 approaches	 such	 as	 gene	 expression	
profiling	 and	 proteomic	 studies	 coupled	 with	 careful	
biological	 validation	 and	 the	 development	 of	 new	
clinical	markers.

Conclusion
The	 present	 study	 identifies	 a	 set	 of	 biomarkers	 with	
altered	expression	in	the	recurrent	 tumor	(in	comparison	
to	 the	 newly	 diagnosed	 GBM	 at	 its	 primary	 setting)	
suggesting	 the	 possible	 role	 played	 by	 these	 molecular	
alterations	 contributing	 to	 radiochemoresistance,	
increased	 invasiveness	 and	 stemness,	 resulting	 in	
tumor	 recurrence.	 Overexpression	 of	 EGFR	 and	 SOX2	
indicates	persistence	and	proliferation	of	undifferentiated	
cells	 with	 stem‑like	 properties	 in	 the	 recurrent	 tumor,	
since	 EGFR	 is	 known	 to	 mediate	 SOX2	 expression	
resulting	 in	 stemness	 of	 the	 glioma	 cancer	 cells.	
Decreased	 expression	 of	 TOP2A	 probably	 indicates	
chemoresistance	 to	 temozolomide	 in	 recurrent	 setting.	
Recurrent	GBM	develops	 from	differing	NPCs/differing	
molecular	 drivers	 and	 are	 more	 heterogeneous	 with	
varying	 treatment	 responses.	 Identification	 of	molecular	
features	 associated	with	 recurrences	would	 aid	 in	 better	
understanding	 of	 the	 pathogenetic	 process	 and	 might	
provide	clues	for	the	development	of	efficient	treatments	
that	can	specifically	target	of	glioma	cancer	stem	cells.
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