
Journal of Clinical and Diagnostic Research. 2022 Aug, Vol-16(8): EC06-EC1166

DOI: 10.7860/JCDR/2022/57495.16710Original Article

P
atho

lo
g

y S
ectio

n

Immunohistochemical Analysis of TP53 and 
PTEN Expression in Glioblastoma Multiforme 
Patients of Western Rajasthan, India: 
An Observational Study

INTRODUCTION
The incidence of brain tumours in India ranges from 5 to 10 per 
100,000 people [1,2]. High-grade gliomas, mostly grade IV gliomas, 
such as GBM, are common types of primary brain tumours [3]. 
Histopathologically, glioblastoma shows high mitotic activity, cellular 
and nuclear pleomorphism, intravascular microthrombi, microvascular 
proliferation and necrosis with or without cellular pseudopallisading 
[4]. Molecular markers play an important role in diagnosis, prognosis, 
and predicting therapeutic effects of treatment. These may be 
proteins, antigens, or might have genetic, epigenetic, or cytogenetic 
origins. Currently, the importance of biomarkers is being prioritised 
utilising various molecular approaches that may be relevant for both 
prognostic and diagnostic purposes. In this study, two IHC markers, 
namely TP53 and PTEN, were included for analysis in GBM.

TP53 expression: TP53 is a nuclear phosphoprotein which is 
involved in classical pathways of cellular growth and differentiation, 
including induction of apoptosis, instigation of Deoxyribonucleic 

Acid (DNA) repair, and transient arrest of the cell cycle in the G1 
phase. As such, the gene encoding TP53, is classified as a tumour 
suppressor gene as loss of function leads to tumour inception. In 
GBM, the majority of TP53 alterations are missense mutations in 
the DNA binding domain (DBD) limiting transcription factor activity. 
A mutant TP53 gene product may result in constitutive upregulation 
of TP53 nuclear expression with potential loss of TP53 function, 
gain of TP53 function with partial conservation of wild-type protein 
function, or dominant negative regulation [5].

PTEN expression: PTEN is a tumour suppressor gene that is 
involved in many signalling pathways, most notably the PI3K/Akt 
pathway, where it acts as a phosphatase and thus dephosphoryles 
PIP3, producing a PIP2-molecule and thus maintaining inactivity 
in the Akt pathway [6-8]. PIP3 is a key regulator of the PI3K/Akt 
signalling pathway and acts by recruiting Akt to the membrane 
surface, an event critical for Akt activation. Activated Akt regulates 
several downstream pathways, controlling cell cycle progression, 
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ABSTRACT
Introduction: Glioblastoma Multiforme (GBM) is the most 
aggressive brain tumour with a dismal prognosis. Very few 
studies on its diagnosis, prognosis and therapeutics have been 
attempted in the past on Indian population. Standard treatment 
of this highly aggressive tumour yields little survival benefit; 
hence, greater attention is now being paid to personalised 
treatment and, correspondingly, to the expression of specific 
molecular markers with the goal of assessing their possible 
therapeutic as well as prognostic significance.

Aim: To estimate the proportion of Tumour Protein 53 (TP53) 
and PTEN (Phosphatase and Tensin Homolog) expression in 
GBM patients of Western Rajasthan, India. 

Materials and Methods: This study was a ambispective, single 
institutional observational study done on 35 brain tissue biopsies 
of histopathologically diagnosed and confirmed cases of GBM 
based on the World Health Organisation (WHO) classification, 2007 
received in Department of Pathology, Dr. Sampurnanand Medical 
College (Dr. SNMC), Jodhpur, Rajasthan, India, from January 2015 
to December 2020 (January 2015 to September 2018:Retrospective 
and October 2018 to December 2020:Prospective) after applying 
inclusion and exclusion criteria. Immunohistochemical (IHC) 
analysis was done for TP53 and PTEN markers in all cases of 
GBM. The results were then applied for statistical analysis using 
Statistical Package for the Social Sciences (SPSS) version 22.0 
software package (SPSS Inc., Chicago, IL, USA). The association 

between age and gender with TP53 and PTEN positive cases, 
respectively, was analysed by using Fisher’s-exact test and the 
results of the same were compiled.

Results: The TP53 expression was seen in 32 cases (91.4%). 
The mean age of presentation of TP53 positivity was 50.3 
years. Most of the TP53 cases occurred in the 41 to 50 and 
61 to 70 years of age groups. In TP53 mutated cases, males were 
found more commonly affected as compared to females. Overall, 
the majority of cases (eight cases) occurred in the temporal region 
of the brain (25%). The relationship between age and gender with 
TP53 expression was found to be insignificant. PTEN expression 
was found absent (mutation positive) in 11 cases (32.4%). Mean 
age of these patients was 52.5 years. The male to female ratio 
was found to be 1.8:1. Regarding tumour location in the brain, 
most of the cases occurred unilaterally, with 45.4% (n=5) of cases 
occurring in the temporal region. The association between PTEN 
mutation with age and gender was not found to be significant.

Conclusion: The higher prevalence of TP53 expression in the 
population suggests distinct genetic pathways that need to be 
studied in detail to have a better understanding of this highly 
aggressive tumour. The PTEN mutation was discovered to be 
prevalent in the population of Western Rajasthan and needs to 
be studied further on a large scale. The simultaneous presence 
of molecular markers in GBM cases would need to be considered 
before initiating any gene therapy for its improved effectiveness.
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as PTEN staining of one case was found to be non contributory 
(repeated twice). The results were compiled and applied for statistical 
analysis. Slides showing non contributory staining were not counted 
for statistical analysis.

Criteria for TP53 expression interpretation [29,30]: Presence of 
nuclear staining in ≥10% of tumour cells in most representative areas 
were considered positive for TP53 mutation.

Scoring criteria:	 <10%-negative

		  10-30%-1+

		  31-50%-2+

		  >50%-3+

Criteria for PTEN expression interpretation [31]: Absence of 
nuclear staining in entire or vast majority of tumour was considered 
positive for PTEN mutation whereas presence of nuclear staining 
either partially or in entire tumour was considered negative.

STATISTICAL ANALYSIS
The results were then applied for statistical analysis using SPSS 
22.0 software package (SPSS Inc., Chicago, IL, USA) using 
Fisher’s-exact test.

Results
Most of the GBM cases [Table/Fig-1] occurred unilaterally, with 
45.4% of cases (n=5) occurring in the temporal region.

protein synthesis, survival, apoptosis, and migration [9-11]. Loss 
of PTEN expression, through deletion, mutation, or methylation, 
essentially mimics activation of the Akt pathway as a result of 
the accumulation of PIP3, while retention of PTEN maintains Akt 
inactivity [9,11,12]. Although PTEN expression is ubiquitous across 
all tissues, only in certain tumour types has it been shown to play 
a role in tumourigenesis-such as tumours of the breast, ovaries, 
prostate, skin, pancreas, and most notably, the brain [13-22].

As standard medical practice in the treatment of this highly 
aggressive tumour yields little survival benefit, greater attention is 
now being paid to personalised treatment and, correspondingly, 
to the expression of specific molecular markers with the goal 
of assessing their possible therapeutic as well as prognostic 
significance [6,23-26]. Very few molecular studies on GBM have 
been done in the past on Indian population [27,28]. Also, the 
present study was the first study of such type on GBM patients of 
Rajasthan, India. Hence this study was an attempt to contribute 
to the better management of GBM patients in the hope that these 
patients might achieve improved survival in the future by getting 
specific target therapies depending on the type of molecular 
defect present in their tumour. The present research was a single 
Institutional study which aimed to estimate the proportion of TP53 
and PTEN expression in GBM patients.

MATERIALs AND METHODS
The present study was a ambispective (January 2015 to  
September 2018:Retrospective and October 2018 to December 
2020:Prospective), single Institutional observational study which 
was done on brain tissue biopsies of histopathologically diagnosed 
and confirmed cases of GBM based on the WHO Classification, 
2007  [4] received in the Department of Pathology, Dr. S.N. 
Medical College, Jodhpur, Rajasthan, India, from January 2015 
to December 2020. The proposal for the study was reviewed 
thoroughly and approved by the Institutional Ethical Committee 
(IEC) (EC/MC/JU/2018/319) before the commencement of the study.

Inclusion criteria: All brain biopsies from January 2015 to December 
2020 with a histopathological diagnosis of GBM were included in 
the study.

Exclusion criteria: Ultra small biopsies, GBM cases with single 
tissue block, brain biopsies with histopathological diagnosis other 
than GBM and GBM cases which were registered outside the above 
mentioned time frame were all kept under exclusion criteria.

After applying inclusion and exclusion criteria, paraffin embedded 
tissue blocks of a total of 35 cases of histopathologically confirmed 
GBM from January 2015 to December 2020 were retrieved from the 
Department of Pathology. Epidemiological data (age and sex) for the 
selected cases was procured from the patient records kept in the 
pathology department.

Immunohistochemistry
For IHC, tissue sections of 5 µm thickness were taken on Bond Max 
albumin coated microscope slides. These slides were incubated first 
and processed further for dewaxing with ethanol and xylene. The 
IHC technique was applied for TP53 and PTEN expression on Leica 
Bond Max Immunostainer installed in the Department of Pathology 
using rabbit anti-human p53 Monoclonal Antibody (Clone SP5) and 
mouse anti-PTEN Monoclonal Antibody (Clone 6H2.1), respectively. 
IHC slides were mounted and examined microscopically by three 
histopathologists. Positive controls were taken as carcinoma breast 
for TP53 and endometrium for PTEN. The cases whose slides 
reported non uniformity in interpretation were processed twice for 
IHC. All the cases were reviewed thoroughly by histopathologists as 
per below mentioned criterias. For TP53 expression, total 35 were 
analysed while only 34 cases were estimated for PTEN expression 

[Table/Fig-1]:	 Photomicrograph of glioblastoma multiforme showing cellular and 
nuclear pleomorphism, vascular proliferation, necrosis and pseudopallisading 
(H&E, 100X).

TP53 expression: Interestingly, TP53 expression was seen in 
the majority of cases, i.e., 32 out of a total of 35 cases (91.4%). 
The mean age of presentation of TP53 positivity was 50.3 years. 
Most of the TP53 cases occurred in the 41 to 50 years and 61 
to 70 years age groups (10 cases each). The majority of positive 
cases were beyond 40 years of age (n=25, 78.1%). Further, 
among eight cases in the age group less than 40 years, 87.5% 
(7 cases) showed TP53 expression, whereas it came out to be 
92.6% (25 cases) in cases more than 40 years of age (27 cases). 
However, the association between age and TP53 positivity was not 
significant (Fisher’s-exact test, p-value=0.553). Further p-values 
of association of distinct age groups with TP53 expression were 
also found insignificant [Table/Fig-2]. Among TP53 positive cases, 
9.4% (3 cases) were showing ≤30% stained tumour cells (Grade 1), 
15.6% (5 cases) were showing staining in 31-50% of tumour cells 
(Grade 2) while in 75% (24 cases), >50% tumour cells were found 
stained for TP53 (Grade 3) [Table/Fig-3,4a-c].

The mean age of presentation in Grade 1, Grade 2 and Grade 3 
were 52 years, 50.4 years, and 51.1 years respectively. Most of the 
cases occurred beyond 40 years of age and showed a peak age of 
presentation between 41-50 years of age in Grade 1 (n=2, 66.67%), 
while it was 41-60 years (n=4, 80%) in Grade 2. In Grade 3, most of 
the cases were in the 61-70 year age group (n=9, 37.5%).
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Age (yrs)

TP53 grading

Total

p-value

Grade I Grade II Grade III

N % N % N % N %

17-30 0 0 0 0 3 100 3 9.4 0.576

31-40 0 0 1 25 3 75 4 12.5 0.709

41-50 2 20 2 20 6 60 10 31.2 0.306

51-60 0 0 2 40 3 60 5 15.7 0.224

61-70 1 10 0 0 9 90 10 31.2 0.257

Total 3 9.38 5 15.63 24 75.00 32 100

[Table/Fig-2]:	 Age distribution in grades of TP53 positive cases.

[Table/Fig-3]:	 Photomicrograph of immunostained tissue section of carcinoma 
breast taken as TP53 positive control showing strong diffuse nuclear staining (X400).

[Table/Fig-4c]:	 Photomicrograph of immunostained tissue section of GBM showing 
TP53 nuclear staining with grade 3 positivity (X400).

[Table/Fig-4a]:	 Photomicrograph of immunostained tissue section of GBM showing 
TP53 nuclear staining with grade 1 positivity (X400).

[Table/Fig-4b]:	 Photomicrograph of immunostained tissue section of GBM showing 
TP53 nuclear staining with grade 2 positivity (X400).

Gender Grade 1 Grade 2 Grade 3 Total p-value

Male 1 4 14 19
0.497

Female 2 1 10 13

[Table/Fig-5]:	 Gender distribution in Grades of TP53 positive cases.

In TP53 positive cases, males were found more commonly affected 
as compared to females in total, with a male to female ratio of 
1.5:1. In Grade 1, the gender distribution (male: female) is 1:2, 4:1 
in Grade 2, and 1.4:1 in Grade 3 [Table/Fig-5]. Freeman-Halton 
extension of Fisher’s-exact test was used to see if there was a link 
between TP53 expression and gender for which p-value was found 
to be non significant (p-value=0.497).

Overall, the majority of cases (eight cases) occurred in the temporal 
region of the brain (25%), out of which two cases were seen in the 

[Table/Fig-6]:	 Photomicrograph of immunostained tissue section of endometrium 
taken as PTEN positive control showing strong diffuse nuclear positivity (X400).

[Table/Fig-7]:	 Photomicrograph of immunostained tissue section of GBM showing 
loss of PTEN nuclear staining taken as positive for PTEN mutation (X400).

The mean age of patients showing PTEN mutation was 52.5 years. 
Among these, the majority of cases (76.4%) were above 40 years 
of age. Three (37.5%) out of eight patients under the age of 40 
were found to have PTEN mutations, while this mutation was found 
positive in eight (30.8%) of 26 patients over the age of 40 years 
[Table/Fig-8]. The association between PTEN mutation and age was 
found to be non significant (Fisher’s-exact test, p-value=1.000). The 

right temporal region and six cases in the left temporal region. There 
was no particular preference for any one side of the brain by this 
tumour for TP53 expression.

PTEN expression: For PTEN expression, one case was found to 
be non contributory as its staining (repeated twice) was not clearly 
defined. Out of the rest of 34 cases, 11 (32.4%) of them were found 
to be negative for staining, which mean that they had a PTEN 
mutation [Table/Fig-6,7].
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Age (yrs)

PTEN mutation

TotalPositive Negative

N % N % N %

≤40 3 37.50 5 62.50 8 23.53

>40 8 30.77 18 69.23 26 76.47

Total 11 32.35 23 67.65 34* 100

[Table/Fig-8]:	 PTEN mutation with age.
*One case was not included due to ill defined, non uniform staining (repeated twice)

Gender

PTEN mutation

TotalPositive Negative

N % N % N %

Male 7 35 13 65 20 58.82

Female 4 28.57 10 71.43 14 41.18

Total 11 32.35 23 67.65 34 100

[Table/Fig-9]:	 Gender distribution of PTEN mutation.

DISCUSSION
TP53 expression: The results of TP53 positivity were interestingly 
found to be very similar to the study by Das A et al., who reported 
96% of TP53 mutation positivity in their GBM cases [32]. This 
study by Das A et al., was also on the Asian population and was 
mainly on Chinese, Malaysians, and Indians. Similar to present 
study, they also performed IHC as a diagnostic technique for 
TP53 mutation detection. The results of these studies on the Asian 
population are much higher than most of the previous studies in the 
literature on non Asian patients [32]. In support of the conclusion 
of the study by Das A et al., it is suggested that there might be 
distinct genetic pathways responsible for tumourigenesis in GBM 
tumours of the Asian population and hence they need to be 
further investigated. Another reason for such variation in results 
might be the use of different diagnostic criteria for TP53 mutation 
reporting. While on the one hand, few studies reported positivity 
for any staining on IHC, others took >80% positivity as diagnostic 
criteria [32-35]. Such a huge variation results in heterogeneity in 
results. Gülten G et al., took ≥80% staining as criteria for positivity 
for the TP53 gene mutation and reported 12.05% positivity [33]. 
In present study, 7/35 (20%) cases were shown ≥80% of TP53 
staining. Similarly, Montgomery RM et al., examined 36 GBM 
cases and reported 86% positivity by taking >50% staining as 
criteria for TP53 staining positivity [34]. These results appear to 
be in line with present study, which shows 68.6% of cases as 
positive when applying the same criteria. Thus, it is suggested 
that there should be a uniform standard criteria for reporting of 
TP53 mutations worldwide to minimise such “pseudo-variations” 
in TP53 reporting to avoid misinterpretation of results. Previous 
studies on TP53 and PTEN mutations are enlisted in [Table/Fig-
10,11], respectively [27,28,30-44].

The M:F ratio was around 1:1 in Das A et al., study [32], while it was 
1.5:1 in present study. In both studies, no significant association 
was noted between age, gender, and TP53 overexpression. There 
was no significant association found between age and TP53 
expression in Montgomery RM et al., study, which was in line with 
present study [34].

Year Study by Region Criteria Positivity

2022 Present study India

<10%-negative
10-30%-1+
31-50%-2+
>50%-3+

91.4%

2020 Gülten G et al., [33] Turkey
<80%-neg
≥80%-pos

Pos-12.05%
Neg-

87.95%

2017
Karnam S et al., 
[35]

India
0-1 -neg
2-3-pos

46.4%

2016
Chaurasia A et al., 
[30]

Korea

0-<10%-no staining
1-10-30%
2-30.1-50%
3->50%
1-Negative
2-&3-pos

48.4%

2015
Montgomery RM et 
al., [34]

Brazil

1-0-25%
2-26-50%
3-51-75%
4-76-100%
1,2-neg
3,4-pos

86%

2013 Lee KS et al., [36] Korea ≥10% 49.3%

2009 Ruano Y et al., [37] Spain
Strong and extensive 
nuclear staining

11.2%

2008
Cancer Genome 
Atlas [38]

>90%

2002 Das A et al., [32] Singapore
No staining-neg
Any staining-pos

96%

2001
Simmons ML et 
al., [39]

Calfornia

0-No staining
1-<5%
2-5-30%
3->30%

56%

1996
Watanabe K et 
al., [40]

Boston Any staining-pos
36.8%
97%

1995
Kyritsis AP et al., 
[41]

U.S

0-No labelling
1-<5%
2-5-30%
3->30%

60%

1994 Ng HK et al., [42] China Any staining-pos 36%

[Table/Fig-10]:	 List of previous studies on TP53 expression in GBM patients [30,32-42].

Year Study by Region Positivity

2022 Present study India 32.4%

2018 Arif SH et al., [27] India 17.5%

2013 Gan HK et al., [43] Australia 40%

2012 Carico C et al., [44] California 53.5%

2011 Jha P et al., [28] India 49.3%

2010 Kim B et al., [31] Korea 21.4%

2009 Ruano Y et al,. [37] Spain 38.6%

[Table/Fig-11]:	 List of previous studies on PTEN mutation in GBM patients [27,28, 
31,37,43,44].

PTEN expression: In this study, loss or deletion in the PTEN gene 
was considered a positive staining outcome on IHC, which was 
seen in 11 out of 34 cases (32.4%), which was in concordance with 
literature [Table/Fig-11].

In this study, the majority of PTEN mutated cases occurred above 
40 years of age, which was in line with the study by Jha P et al., 
[28]. They also reported that the mean age of GBM cases showing 
a PTEN mutation was older than the non mutated cases.

In a study by Srividya MR et al., on 73 GBM cases, the median 
age for PTEN mutation was reported to be 50.97±10.2 years, 
while non mutated cases of the PTEN IHC marker was 43.52±13.5 
years [45]. As a result, the median age of patients with PTEN 
homozygous deletion was significantly higher than that of patients 
with the retained status (p=0.019). In present study, a similar age 
was reported in PTEN mutated cases (52.5 years), but there was 
no statistically significant correlation found between age and PTEN 

The male to female ratio in total PTEN mutation positive cases 
was found to be 1.8:1 [Table/Fig-9]. In PTEN mutation negative 
cases, the male female ratio was reported as 1.3:1. The association 
between PTEN mutation and gender was found to be non significant 
(Fisher’s-exact test, p-value=0.729).

majority of the cases that tested negative for PTEN mutations were 
also discovered after the age of 40 age group (18 cases).
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mutation status. Furthermore, in previous studies, tyrosine kinase 
inhibitors were found to be effective only in cases of EGFR vIII 
mutations with a retained PTEN gene [34].

Limitations(s)
The principal limitation of this study was that this was a non 
randomised single Institutional study. Another major limitation was 
small sample size. Hence, the findings could be readily generalised 
or considered conclusive when confirmed by subsequent studies 
on Indian population. Moreover, limited clinical data restricted 
subdivision of tumours in primary and secondary glioblastoma 
which could have added information regarding association of TP53 
and PTEN mutations to subtypes.

CONCLUSION(s)
The higher prevalence of TP53 expression in present study population 
suggests distinct genetic pathways that need to be studied in 
detail to have a better understanding of this highly aggressive 
tumour. The PTEN mutation positivity found in present study was 
in concordance with the literature. Before starting gene therapy for 
GBM, it would be important to think about the presence of molecular 
markers in the same place. To develop targeted therapies against 
these molecular markers, it is important to know the prevalence 
of these markers as well as other clinical data in racially diverse 
GBM patients. This work is a step towards personalised treatment 
of GBM patients, particularly on population of Western Rajasthan, 
India. More such studies are needed in the future in India on a 
large scale, to have a better understanding of this lethal tumour for 
improved patient survival.

Acknowledgement
Authors are grateful for support of Multi-Disciplinary Research Unit 
(SNMC, Jodhpur) and Dr. Akhil Goel, Associate Professor, Department 
of CMFM, AIIMS, Jodhpur, Rajasthan, India.

REFERENCES
	 Nair M, Varghese C, Swaminathann R. Cancer: Current scenario, intervention [1]

strategies and projections for 2015. NCMH Background Papers; 2015.
	 Yeole BB. Trends in the brain cancer incidence in India. Asian Pacific J Cancer [2]

Prev. 2008;9:267-70.
	 Ostrom QT, Gittleman H, Farah P, Ondracek A, Chen Y, Wolinsky Y, et al. CBTRUS [3]

statistical report: Primary brain and central nervous system tumors diagnosed in 
the United States in 2006-2010. Neuro Oncol. 2013;15(Suppl 2):ii1-56.

	 Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC, Jouvet A, et al. [4]
The 2007 WHO classification of tumors of the central nervous system. Acta 
Neuropathol. 2007;114(2):97-109.

	 Tanboon J, Williams EA, Louis DN. The diagnostic use of immunohistochemical [5]
surrogates for signature molecular genetic alterations in gliomas. J Neuropathol 
Exp Neurol. 2016;75:04-18.

	 Pitter KL, Galbán CJ, Galbán S, Tehrani OS, Saeed-Tehrani O. Perifosine and [6]
CCI 779 co-operate to induce cell death and decrease proliferation in PTEN-
intact and PTEN-deficient PDGF-driven murine glioblastoma. PLoS One. 
2011;6:e14545.

	 Scheid MP, Woodgett JR. Unravelling the activation mechanisms of protein [7]
kinase B/Akt. FEBS Lett. 2003;546:108-12.

	 Downes CP, Bennett D, McConnachie G, Leslie NR, Pass I. Antagonism of PI [8]
3-kinase-dependent signalling pathways by the tumour suppressor protein, 
PTEN. Biochem Soc Trans. 2009;29:846-51.

	 Blanco-Aparicio C, Renner O, Leal JF, Carnero A. PTEN, more than the AKT [9]
pathway. Carcinogenesis. 2007;28:1379-86.

	 Navé BT, Ouwens M, Withers DJ, Alessi DR, Shepherd PR. Mammalian target of [10]
rapamycin is a direct target for protein kinase B: Identification of a convergence 
point for opposing effects of insulin and amino-acid deficiency on protein 
translation. Biochem J. 1999;344 Pt 2(Pt 2):427-31.

	 Sun H, Lesche R, Li DM, Liliental J, Zhang H. PTEN modulates cell cycle [11]
progression and cell survival by regulating phosphatidylinositol 3,4,5, 
-trisphosphate and Akt/protein kinase B signaling pathway. Proc Natl Acad Sci U 
S A. 1999;96:6199-204.

	 Nielsen-Preiss SM, Silva SR, Gillette JM. Role of PTEN and Akt in the regulation [12]
of growth and apoptosis in human osteoblastic cells. J Cell Biochem. 
2003;90:964-75.

	 Steck PA, Pershouse MA, Jasser SA, Yung WK, Lin H. Identification of a [13]
candidate tumour suppressor gene, MMAC1, at chromosome 10q23.3 that is 
mutated in multiple advanced cancers. Nat Genet. 1997;15:356-62.

	 Li J, Yen C, Liaw D, Podsypanina K, Bose S. PTEN, a putative protein tyrosine [14]
phosphatase gene mutated in human brain, breast, and prostate cancer. 
Science. 1997;275:1943-47.

	 Teng DH, Hu R, Lin H, Davis T, Iliev D. MMAC1/PTEN mutations in primary tumor [15]
specimens and tumor cell lines. Cancer Res. 1997;57:5221-25.

	 Link W, Rosado A, Fominaya J, Thomas JE, Carnero A. Membrane localization [16]
of all class I PI 3-kinase isoforms suppresses c-Myc-induced apoptosis in Rat1 
fibroblasts via Akt. J Cell Biochem. 2005;95:979-89.

	 Parsons DW, Wang TL, Samuels Y, Bardelli A, Cummins JM. Colorectal cancer: [17]
Mutations in a signalling pathway. Nature. 2005;436:792.

	 Paramio JM, Navarro M, Segrelles C, Gómez-Casero E, Jorcano JL. PTEN [18]
tumour suppressor is linked to the cell cycle control through the retinoblastoma 
protein. Oncogene. 1999;18:7462-68.

	 Campbell IG, Russell SE, Choong DY, Montgomery KG, Ciavarella ML. [19]
Mutation of the PIK3CA gene in ovarian and breast cancer. Cancer Res. 
2004;64:7678-81.

	 Kirkegaard T, Witton CJ, McGlynn LM, Tovey SM, Dunne B. AKT activation [20]
predicts outcome in breast cancer patients treated with tamoxifen. J Pathol. 
2005;207:139-46.

	 Xing D, Orsulic S. A genetically defined mouse ovarian carcinoma model for the [21]
molecular characterization of pathway-targeted therapy and tumor resistance. 
Proc Natl Acad Sci U S A. 2005;102:6936-6941.

	 Nakayama K, Nakayama N, Kurman RJ, Cope L, Pohl G. Sequence mutations [22]
and amplification of PIK3CA and AKT2 genes in purified ovarian serous 
neoplasms. Cancer Biol Ther. 2006;5:779-85.

	 Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, Taphoorn MJB, et al. [23]
Radiotherapy plus concomitant and adjuvant temozolomide for glioblastoma. N 
Engl J Med. 2005;352:987-96.

	 Verhaak RG, Hoadley KA, Purdom E, Wang V, Qi Y, Wilkerson MD, et al. [24]
Integrated genomic analysis identifies clinically relevant subtypes of glioblastoma 
characterized by abnormalities in PDGFRA, IDH1, EGFR, and NF1. Cancer Cell. 
2010;17:98-110.

	 Koul D. PTEN signaling pathways in glioblastoma. Cancer Biol Ther. [25]
2008;7:1321-25.

	 Knobbe CB, Merlo A, Reifenberger G. PTEN signaling in gliomas. Neuro Oncol. [26]
2002;4:196-211.

	 Arif SH, Pandith AA, Tabasum R, Ramzan AU, Singh S, Siddiqi MA, et al. [27]
Significant effect of anti-tyrosine kinase inhibitor (Gefitinib) on overall survival 
of the glioblastoma multiforme patients in the backdrop of mutational status 
of epidermal growth factor receptor and PTEN genes. Asian J Neurosurg. 
2018;13(1):46-52.

	 Jha P, Suri V, Singh G, Jha P, Purkait S, Pathak P. Characterization of molecular [28]
genetic alterations in GBMs highlights a distinctive molecular profile in young 
adults. Diag Mol Pathol. 2011;20:225-32.

	 Nguyen DN, Heaphy CM, de Wilde RF, Orr BA, Odia Y, Eberhart CG, et al. [29]
Molecular and morphologic correlates of the alternative lengthening of telomeres 
phenotype in high-grade astrocytomas. Brain Pathol. 2013;23(3):237-43.

	 Chaurasia A, Park SH, Seo JW. Immunohistochemical analysis of ATRX, IDH1 [30]
and p53 in glioblastoma and their correlations with patient survival. J Korean 
Med Sci. 2016;31:1208-14.

	 Kim B, Myung JK, Seo JH, Park CK, Paek SH, Kim DG, et al. The [31]
clinicopathologic values of the molecules associated with the main pathogenesis 
of the glioblastoma. J Neurol Sci. 2010;294(1-2):112-18.

	 Das A, Tan WL, Teo J, Smith DR. Glioblastoma multiforme in an Asian population: [32]
Evidence for a distinct genetic pathway. J Neurooncol. 2002;60(2):117-25. 
Doi: 10.1023/a:1020622415786. PMID: 12635658.
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