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Abstract: Gliomas account for 45% of all intracranial tumors. Technologies, allowed better molecular 
analysis leading to the discovery of IDH1 (Isocitrate dehydrogenase) mutations. IDH1 mutations are often 
associated with ATRX (alphathalassemia/mental retardation syndrome Xlinked) and P53. In this study, we 
analyzed their expression and correlation with grade. 28 samples were included in the study. 
Immunohistochemistry for IDH1, ATRX, and P53 was done and reported. Statistical analysis was done in 
order to compare their immunoexpression in different grades of gliomas. A total of 28 gliomas were included, 
excluding pilocytic astrocytoma. IDH1, ATRX, and P53 positivity was seen in both Diffuse glioma and 
Glioblastoma, at almost the same frequencies. A combined analysis of expression of IDH1 and ATRX, and 
P53 with WHO grade showed statistically no significant association. Neither IDH1, ATRX, and P53 
immunoexpression nor their combination at two and three variants showed significant differences according 
to the grade in this study.  
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INTRODUCTION 
Glioma is the most common type of tumor 

originating in the brain. It represents about 45 percent 

of all brain tumors. Gliomas originate from the glial 

cells that surround and support neurons, it also 

infiltrates the adjacent tissues. The most aggressive 

form is Glioblastoma (GBM). Despite therapeutic 

advances, patient survival remains unfavorable with a 

5-year survival of 12 to 14 months. The World Health 

Organization (WHO) (2007), according to histological 

parameters defines gliomas as grade I, grade II, and 

grade III astrocytic tumors, grade II and III 

oligodendrogliomas, and grade IV Glioblastomas. 

Molecular biology studies have provided new insights 

into the oncogenesis and progression of gliomas. 

Hence, in 2016, the WHO updated the classification of 

gliomas, integrating new molecular features, thus 

splitting gliomas into two main groups, based on 

positive expression of wild-type isocitrate 

dehydrogenase (IDH1+) and negative or mutated 

expression of IDH1 protein (IDH1-). IDH1 mutation 

occurs in the early stages of glioma formation and may 

affect DNA demethylation and lead to tumorigenesis, 

the exact mechanism remains unclear. There are many 

different biomarkers that are often associated with 

IDH1 such as P53 mutation, 1p/19q codeletion specific 

to oligodendroglioma, or alpha-thalassemia/mental 

retardation syndrome X-linked (ATRX) mutation; it 

commonly occurs in low-grade astrocytomas and 

secondary Glioblastomas (GBMs), but are rare in 

primary GBM. Glial tumors are now classified into 

three basic categories, pilocytic astrocytoma (WHO 

grade I), Glioblastoma (WHO grade IV), and Diffuse 

gliomas, which include astrocytomas and 

oligodendrogliomas (WHO grade II and III), it was 

adopted in the 2016 update of WHO classification of 

Central nervous System tumors. Biomarkers are 

biological characteristics that can be measured and 

assessed, to indicate normal and pathological 

processes. Many Technologies are used to detect 

biomarkers, they can be genomic or proteomic. 

Immunohistochemistry (IHC) is one of the most used 

techniques, because of its availability, but also 

reliability and precision. 

The primary objective of this investigation is to 

delineate the protein expression patterns of P53, IDH1, 

and ATRX in gliomas comprehensively. Furthermore, 

the study aims to discern whether alterations in the 

protein expression of any of these specific markers or 

their collective variants exhibit associations with the 

histological grade of gliomas. 

 

MATERIAL AND METHODS 
Tumor Specimens 

Tumor specimens were aseptically obtained 

intraoperatively from the Neurosurgery Department. 

Ethical clearance for the utilization of human samples 

in all experiments was secured from the institutional 

ethical review board. Subsequent to surgical resection, 

segments of the excised tumors were allocated for 

storage, while the remaining tissue underwent formalin 

fixation and paraffin embedding for conventional 

histopathological examination and 

immunohistochemical analyses. 

 

Immunohistochemistry 
A cohort comprising 28 glioma biopsies, 

comprising 18 cases of glioblastoma multiforme 

(GBM) and 10 cases of diffuse glioma (DG), was 

employed for the study. Immunohistochemical analyses 

for IDH1, P53, and ATRX were executed on formalin-

fixed paraffin-embedded tumor specimens, followed by 

sectioning into 5-micron slices using a microtome. The 

application of specific antibodies adhered to the 
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supplier's recommended protocols. IDH1 R132H 

(Dianova, dilution 1:40), ATRX (Sigma, dilution 

1:300), P53 (Dako, dilution 1:50). Labeled streptavidin 

biotin kit (Universal) was used as a detection system 

(Dako, Denmark). 

 
Statistical analysis 

Statistical assessment of the variance in P53, IDH1, 

and ATRX immunoexpression between Glioblastoma 

and Diffuse gliomas was conducted utilizing the Chi-

square test and Fisher's exact test. A significance 

threshold of P < 0.05 was employed to denote 

statistical significance in the observed differences. 

 

RESULTS 
In the present study, a total of 28 gliomas biopsies 

were studied. The gliomas were diagnosed 

histopathologically, followed by IHC on the following 

markers: P53, ATRX, and IDH1. Of the 28 gliomas 

samples, 75% were P53+, 50% were IDH1-, and only 

32.14% of our cohort presented a loss of ATRX (Tab I).  

The results show P53 positivity at 77.77 % and 70 

% in GBM and DG respectively. the variance in P53 

expression in Glioblastoma and Diffuse gliomas 

remains negligible; P-value: 0.674. This result suggests 

that P53 overexpression is grade-independent in this 

study (Tab I). 

the percentage of samples, expressing the mutated 

form of IDH1 in Glioblastoma and Diffuse glioma, is 

slightly different 44.44% and 60% respectively, 

moreover, this difference is statistically not significant. 

The expression of IDH1 mutation in IHC does not 

seem to be correlated to the grade (Tab I). In our 

cohort, only 32.14% of gliomas show a loss of ATRX 

as mentioned above, indeed, only 22.22% of 

Glioblastomas tested show a loss of ATRX, vs 50% in 

Diffuse gliomas. The statistical analysis reveals no 

significant difference concerning the expression of loss 

of ATRX according to the grade. 

 
Table 1. 

The results of IDH1, P53, and ATRX immunoexpression in gliomas 

 

Features Glioma N (%) Diffuse glioma N (%) Glioblastoma N (%) 
P value 

DG vs GBM 

Number of biopsies 28 10 18  

IDH1 Mutation 14 (50) 6 (60) 8 (44.44) 0.694 

P53 Overexpression 21 (75) 7 (70) 14 (77.77) 0.674 

Loss of ATRX 9 (32.14) 5 (50) 4 (22.22) 0.209 

 

Table II presents immunohistochemical results of 

two protein pairs, ATRX/IDH1, ATRX/P53, and 

IDH1/P53, in both Glioblastomas and Diffuse gliomas. 

In GBM samples, the three largest combinations were 

IDH1+/ATRX+ (55.55%), IDH1+/P53+ (50%), and 

ATRX+/P53+ (61.11%). The smallest subgroups were 

IDH1-/ATRX- (22.22%), IDH1-/ATRX+ (22.22%), 

ATRX-/P53- (5.55%), and IDH1+/P53- (5.55%). 

IDH1-/ATRX- (40%), IDH1+/ATRX+ (40%), IDH1-

/P53+ (40%), and ATRX+/P53+ (40%) were found to 

be the largest subgroup in Diffuse gliomas, however, 

ATRX-/P53+ and IDH1+/P53+ were also similarly 

high at (30%). The three smallest subgroups were 

IDH1+/ATRX- (4.3%), ATRX-/P53+ (6.7%), and 

IDH1+/P53+ (4.9%). 

As shown in Table II, a combined three-protein 

immunohistochemical analysis revealed six different 

molecular variants in Glioblastomas. About (50%) of 

the samples were consisted of wildtype protein 

expression of IDH1 and ATRX, and mutated 

expression of P53, i.e., IDH1+/P53+/ATRX+ while 

(5.55%) were wildtype protein expression group, i.e., 

IDH1+/P53-/ATRX+ which represents also the 

smallest subgroup. the same molecular six variant 

found in Glioblastoma were found in Diffuse glioma as 

well. In the same way as in GBM 

IDH1+/P53+/ATRX+ was the most important 

subgroups were IDH1-/P53+/ATRX- (30%) and 

IDH1+/P53+/ATRX+/interestingly, this subgroup was 

the most important in Glioblastoma samples as well 

(Tab II). 

 
Table 2. 

Combined analysis of two and three protein pairs in Glioblastoma and Diffuse glioma 

 
Immunohistochemistry Variants Glioblastoma (%) Diffuse glioma (%) 

IDH1/P53 IDH1-/P53+ 27.77 40 

 IDH1-/P53- 16.66 20 

 IDH1+/P53- 5.55 10 

 IDH1+/P53+ 50 30 

ATRX/P53 ATRX+/P53+ 61.11 40 

 ATRX+/P53- 16.66 20 

 ATRX-/P53- 5.55 10 

 ATRX-/P53+ 16.66 30 

IDH1/ATRX IDH1-/ATRX+ 22.22 20 

 IDH1-/ATRX- 22.22 40 

 IDH1+/ATRX+ 55.55 40 

IDH1/P53/ATRX IDH1-/P53+/ATRX+ 11.11 10 
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Immunohistochemistry Variants Glioblastoma (%) Diffuse glioma (%) 

 IDH1-/P53+/ATRX- 16.66 30 

 IDH1+/P53+/ATRX+ 50 30 

 IDH1-/P53-/ATRX- 5.55 10 

 IDH1+/P53-/ATRX+ 5.55 10 

 IDH1-/P53-/ATRX+ 11.11 10 

 
DISCUSSIONS  

In this series, an attempt was made to compare the 

immunoexpression of P53 IDH1 and ATRX in 

Glioblastoma and Diffuse gliomas individually, as well 

as in different combinations. Immunohistochemically, 

we found ATRX loss in 32.4%, P53 overexpression in 

75 %, and IDH1 mutated form in 50% of our cohort. 

P53 is a pivotal biomarker frequently overexpressed in 

almost 50% of gliomas and particularly in astrocytic 

tumors, even if our findings are slightly higher, it still 

comparable. In our study aberrant expression of P53 

was found highly similar in GBM and Diffuse glioma 

77.77% and 70% respectively. The statistical analysis 

shows no significant difference. In the same way, many 

Immunohistochemical studies report an equivalent rate 

of P53 overexpression; indeed, it was detected at 35 to 

60% of grade II & III glioma (DG), and 45 to 70% of 

Glioblastomas (Litofsky et al., 2008). In contrast to Jin 

Yueling's meta-analysis, which encompassed 1322 

glioma cases REF, the incidence of P53 immuno-

positivity is notably elevated in high-grade gliomas 

compared to lower-grade gliomas (63.8% versus 

41.6%). Gliomas are recognized for their potential to 

undergo increasing anaplastic changes over time. 

Research has demonstrated that low-grade tumors 

exhibiting P53 overexpression have a propensity to 

progress to higher grades. However, it's noteworthy 

that not all gliomas exhibiting progression show 

immunoreactivity to P53. 

IDH1 mutations exist in at least 70% gliomas, 

particularly seen in (WHO) grade II and III glioma, and 

secondary Glioblastomas. It is now believed 

that IDH1 mutation is responsible for the initiation of 

gliomas genesis.  Similarly, in this study, 50% of 

gliomas biopsies were IDH1-. In our Glioblastoma 

cohort 44.44% were IDH1-; all of them were 

secondary Glioblastomas (data not shown). IDH1 

mutated form was observed in 60 % of Diffuse glioma, 

the frequency of IDH1 mutation is variable in DG, 

varying from 50 to 90%, thus still concords with our 

results. It is reported in the literature that IDH1 

mutation is rare in primary GB <10%, in our study, 

none of the primary Glioblastoma biopsies showed 

IDH1 mutation, however, there seems to be no 

difference according to the grade of malignancy. 

ATRX mutation is characteristic of astrocytic 

differentiation, which can be determined by loss of 

nuclear ATRX expression on immunohistochemistry. It 

occurs more frequently in DA 60–70% and like IDH1 

mutation, is very rare in primary GB 4–6%. Loss of 

ATRX is almost mutually exclusive with co-deletion 

1P 19Q, which occur in oligodendroglioma. Our 

findings align with the literature cited above in fact, in 

our cohort 50% of grade II and III glioma were ATRX-, 

100% of anaplastic astrocytoma were also ATRX-, and 

all oligodendrogliomas biopsies were ATRX+ (data no 

shown). Furthermore, we found ATRX loss in only 

22.22% in GBM, our findings align with the study 

conducted by Ikemura and colleagues (2016) 

Specifically, their research reported the presence of 

ATRX negativity in only 12.7% of Glioblastoma cases, 

corroborating our observations. Conversely, Cai and 

colleagues (Cai et al., 2015) have documented a more 

pronounced decrease in ATRX expression, particularly 

in primary Glioblastoma (GBM) and anaplastic 

gliomas compared to grade II gliomas. They have 

posited this reduced ATRX expression as a potential 

marker indicative of malignancy. The strong 

association of IDH1 mutation and ATRX mutation has 

been effectively documented.  ATRX mutations also 

correlate with other prominent features including P53 

mutations and occur most often in astrocytic tumors. In 

Glioblastomas, some studies have identified a small 

percentage that is IDH1 wild-type and has a loss of 

ATRX expression. 

 In this study, only grade II and III gliomas (DG) 

and GBM were compared. In combination of two 

variants, the most common profiles in GBM are 

IDH1+/P53+, ATRX+/P53+, and IDH1+/ATRX+, 

however in DG; IDH1-/P53+, ATRX+/P53+, IDH1-

/ATRX- and IDH1+/ATRX+ are the most widespread. 

In three variants combination IDH1+/P53+/ATRX+ is 

the most found profile in GBM but also in DG. The 

IDH1-/P53+/ATRX+/profile is also found in DG at an 

equal percentage. Interestingly, this study shows that in 

grade II and III gliomas and GBM in the most cases 

share the same immunohistochemical signatures, which 

suggests that the immunoexpression of IDH1, ATRX, 

and P53 is independent of the grade in our cohort. 

Otherwise, it was previously observed in various 

studies that some relationship exists between aberrant 

expression of ATRX, P53, and IDH1 proteins in 

gliomas, Indeed, the investigation by Sarma et al. 

(2021). demonstrated a noteworthy disparity in both 

the ATRX/IDH1 combination and the ATRX/IDH1/P53 

combination with respect to glioma grade. It is crucial 

to acknowledge that our study, while providing 

valuable insights, remains in its preliminary stage and 

is constrained by a limited sample size. Additionally, 

the unavailability of pilocytic astrocytoma (grade I) 

represents a limitation in the comprehensiveness of our 

analysis. 
 
CONCLUSION  

In conclusion, the immunohistochemical signature 

study conducted on a cohort of 28 glioma biopsies on 

P53, ATRX and idh1, suggests that the identified 

signature appears to be independent of the tumor grade. 

However, caution is warranted given the relatively 

small sample size. While the initial findings provide 

intriguing insights, the potential influence of a larger 

cohort merits exploration to enhance the robustness 

and generalizability of the results.  

 

7



 Khireddine L., Bouchemal A., Ghidouche A., Tliba S., Bedjou F. 

Studia Universitatis “Vasile Goldiş”, Seria Ştiinţele Vieţii 
Vol. 32, issue 1, 2022, pp. 5 - 9  

© 2022 Vasile Goldis University Press (www.studiauniversitatis.ro) 

AUTHORS CONTRIBUTIONS 
Conceptualization: KL. and BA.; methodology, 

KL.; data collection LK and BA; data validation, TS., 

GA. and BF.; data processing KL.; writing—original 

draft preparation KL.; writing—review and editing: 

BF. 

 
FUNDING 

This research received no external funding. 

 
CONFLICT OF INTEREST 

The authors declare no conflict of interest. 

 
REFERENCES 
Abedalthagafi M, Phillips JJ, Kim GE, Mueller S, 

Haas-Kogen DA, Marshall RE, Croul SE, Santi 

MR, Cheng J, Zhou S, Sullivan LM, Martinez-

Lage M, Judkins, A. R., & Perry, A. (2013). The 

alternative lengthening of telomere phenotype is 

significantly associated with loss of ATRX 

expression in high-grade pediatric and adult 

astrocytomas: A multi-institutional study of 214 

astrocytomas. Modern Pathology, 26(11). 

https://doi.org/10.1038/modpathol.2013.90 

Cai J, Chen J, Zhang W, Yang P, Zhang C, Li M, Yao 

K, Wang H, Li Q, Jiang, C, & Jiang T. (2015). 

Loss of ATRX, associated with DNA 

methylation pattern of chromosome end, 

impacted biological behaviors of astrocytic 

tumors. Oncotarget, 6(20). 

https://doi.org/10.18632/oncotarget.3906 

Ebrahimi A, Skardelly M, Bonzheim I, Ott I, 

Mühleisen H, Eckert F, Tabatabai G, & 

Schittenhelm J. (2016). ATRX immunostaining 

predicts IDH and H3F3A status in gliomas. Acta 

Neuropathologica Communications, 4(1). 

https://doi.org/10.1186/s40478-016-0331-6 

Grimm S, & Chamberlain MC. (2009). Adult primary 

spinal cord tumors. In Expert Review of 

Neurotherapeutics (Vol. 9, Issue 10). 

https://doi.org/10.1586/ern.09.101 

Haberler C, & Wöhrer A. (2014). Clinical 

Neuropathology practice news 2-2014: ATRX, a 

new candidate biomarker in gliomas. Clinical 

Neuropathology, 33(2). 

https://doi.org/10.5414/NP300758 

Ichimura K, Pearson DM, Kocialkowski S, Bäcklund 

LM, Chan R, Jones DTW, & Collins, V. P. 

(2009). IDH1 mutations are present in the 

majority of common adult gliomas but rare in 

primary Glioblastomas. Neuro-Oncology, 11(4). 

https://doi.org/10.1215/15228517-2009-025 

Ikemura M, Shibahara J, Mukasa A, Takayanagi S, 

Aihara K, Saito N, Aburatani H, & Fukayama, 

M. (2016). Utility of ATRX 

immunohistochemistry in diagnosis of adult 

Diffuse gliomas. Histopathology, 69(2). 

https://doi.org/10.1111/his.12927 

Jiao Y, Killela PJ, Reitman ZJ, Rasheed BA, Heaphy 

CM, de Wilde RF, Rodriguez FJ, Rosemberg S, 

Oba-Shinjo SM, Marie SKN, Bettegowda C, 

Agrawal N, Lipp E, Pirozzi CJ, Lopez GY, He 

Y, Friedman HS, Friedman AH, Riggins GJ, … 

Yan H. (2012). Frequent ATRX, CIC, FUBP1 

and IDH1 mutations refine the classification of 

malignant gliomas. Oncotarget, 3(7). 

https://doi.org/10.18632/oncotarget.588 

Jin Y, Xiao W, Song T, Feng G, & Dai, Z. (2016). 

Expression and Prognostic Significance of p53 

in Glioma Patients: A Meta-analysis. 

Neurochemical Research, 41(7). 

https://doi.org/10.1007/s11064-016-1888-y 

Leeper HE, Caron AA, Decker PA, Jenkins RB, 

Lachance DH, & Giannini, C. (2015). IDH 

mutation, 1p19q codeletion and ATRX loss in 

WHO grade II gliomas. Oncotarget, 6(30). 

https://doi.org/10.18632/oncotarget.4497 

Litofsky NS, & Recht LD. (2008). The impact of p53 

tumor suppressor gene on glioma biology. 

Neurosurgical Focus, 3(3). 

https://doi.org/10.3171/foc.1997.3.3.7 

Liu J, Lichtenberg T, Hoadley KA, Poisson LM, Lazar 

AJ, Cherniack AD, Kovatich, AJ, Benz CC, 

Levine DA, Lee AV, Omberg L, Wolf DM, 

Shriver CD, Thorsson V, Caesar-Johnson SJ, 

Demchok JA, Felau I, Kasapi M, Ferguson ML, 

… Hu H. (2018). An Integrated TCGA Pan-

Cancer Clinical Data Resource to Drive High-

Quality Survival Outcome Analytics. Cell, 

173(2). 

https://doi.org/10.1016/j.cell.2018.02.052 

Liu XY, Gerges N, Korshunov A, Sabha N, Khuong-

Quang DA, Fontebasso AM, Fleming A, 

Hadjadj D, Schwartzentruber J, Majewski J, 

Dong Z, Siegel P, Albrecht S., Croul, S., Jones, 

D. T. W., Kool, M., Tonjes, M., Reifenberger, 

G., Faury, D, … Jabado N. (2012). Frequent 

ATRX mutations and loss of expression in adult 

diffuse astrocytic tumors carrying IDH1/IDH2 

and TP53 mutations. Acta Neuropathologica. 

https://doi.org/10.1007/s00401-012-1031-3 

Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, 

Burger PC, Jouvet A, Scheithauer BW, & 

Kleihues P. (2007). The 2007 WHO 

classification of tumours of the central nervous 

system. In Acta Neuropathologica. 

https://doi.org/10.1007/s00401-007-0243-4 

Louis DN, Perry A, Reifenberger G, von Deimling A, 

Figarella-Branger D, Cavenee WK, Ohgaki H, 

Wiestler OD, Kleihues P, & Ellison, DW. 

(2016). The 2016 World Health Organization 

Classification of Tumors of the Central Nervous 

System: a summary. Acta Neuropathologica, 

131(6), 803–820. 

https://doi.org/10.1007/s00401-016-1545-1 

Nandakumar P, Mansouri A, & Das, S. (2017). The role 

of ATRX in glioma biology. In Frontiers in 

Oncology (Vol. 7, Issue SEP). 

https://doi.org/10.3389/fonc.2017.00236 

Pathak P, Jha P, Purkait S, Sharma V, Suri V, Sharma 

MC, Faruq M, Suri A, & Sarkar C. (2015). 

Altered global histone-trimethylation code and 

H3F3A-ATRX mutation in pediatric GBM. 

8



 Immunoexpression of P53, IDH1 and ATRX in gliomas 

Studia Universitatis “Vasile Goldiş”, Seria Ştiinţele Vieţii 
Vol. 32, issue 1, 2022, pp. 5 - 9 
© 2022 Vasile Goldis University Press (www.studiauniversitatis.ro) 

Journal of Neuro-Oncology, 121(3). 

https://doi.org/10.1007/s11060-014-1675-z 

Sarma S, Khonglah Y, Mishra J, Kakati A, & Phukan P. 

(2021). Gliomas - An experience based on 

molecular markers. Journal of Family Medicine 

and Primary Care, 10(3). 

https://doi.org/10.4103/jfmpc.jfmpc_1963_20 

Tanboon J, Williams EA., & Louis DN. (2016). The 

diagnostic use of immunohistochemical 

surrogates for signature molecular genetic 

alterations in gliomas. In Journal of 

Neuropathology and Experimental Neurology 

(Vol. 75, Issue 1). 

https://doi.org/10.1093/jnen/nlv009 

Taylor AM, Shih J, Ha G, Gao GF, Zhang X, Berger 

AC, Schumacher SE, Wang C, Hu H, Liu J, 

Lazar AJ, Caesar-Johnson SJ, Demchok JA, 

Felau I, Kasapi M, Ferguson ML, Hutter CM, 

Sofia HJ, Tarnuzzer R, … Meyerson M. (2018). 

Genomic and Functional Approaches to 

Understanding Cancer Aneuploidy. Cancer Cell, 

33(4). 

https://doi.org/10.1016/j.ccell.2018.03.007 

Wiestler B, Capper D, Holland-Letz T, Korshunov A, 

von Deimling A, Pfister SM, Platten M, Weller 

M, & Wick W. (2013). ATRX loss refines the 

classification of anaplastic gliomas and 

identifies a subgroup of IDH mutant astrocytic 

tumors with better prognosis. Acta 

Neuropathologica, 126(3). 

https://doi.org/10.1007/s00401-013-1156-z 

Yan H, Parsons DW, Jin G, McLendon R, Rasheed BA, 

Yuan W, Kos I, Batinic-Haberle I, Jones S, 

Riggins GJ, Friedman H, Friedman A, Reardon 

D, Herndon J, Kinzler KW, Velculescu VE, 

Vogelstein B, & Bigner DD. (2009). IDH1 and 

IDH2 Mutations in Gliomas. New England 

Journal of Medicine, 360(8). 

https://doi.org/10.1056/nejmoa0808710 

Zou P, Xu H, Chen P, Yan Q, Zhao L, Zhao P, & Gu A. 

(2013). IDH1/IDH2 Mutations Define the 

Prognosis and Molecular Profiles of Patients 

with Gliomas: A Meta-Analysis. PLoS ONE, 

8(7). 

https://doi.org/10.1371/journal.pone.006878 

9


