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Immunohistochemical Analysis of ATRX, IDH1 and p53 in
Glioblastoma and Their Correlations with Patient Survival

Ajay Chaurasia,' Sung-Hye Park,’
Jeong-Wook Seo,' and Chul-Kee Park?

Glioblastoma (GBM) can be classified into molecular subgroups, on the basis of biomarker
expression. Here, we classified our cohort of 163 adult GBMs into molecular subgroups

according to the expression of proteins encoded by genes of alpha thalassemia/mental
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retardation syndrome X-linked (ATRX), isocitrate dehydrogenase (IDH) and TP53. We
focused on the survival rate of molecular subgroups, depending on each and various
combination of these biomarkers. ATRX, IDH1 and p53 protein expression were evaluated

immunohistochemically and Kaplan-Meier analysis were carried out in each group. A total
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of 15.3% of enrolled GBMs demonstrated loss of ATRX expression (ATRX-), 10.4%

expressed an aberrant IDH1 R132H protein (IDH1+), and 48.4% exhibited p53
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overexpression (p53+). Survival differences were statistically significant when single protein
expression or different combinations of expression of these proteins were analyzed. In
conclusion, in the case of single protein expression, the patients with each IDH1+, or
ATRX-, or p53- GBMs showed better survival than patients with counterparts protein
expressed GBMs. In the case of double protein pairs, the patients with ATRX-/p53-, ATRX-/
IDH1+, and IDH1+/p53- GBMs revealed better survival than the patients with GBMs with

the remained pairs. In the case of triple protein combinations, the patients with ATRX-/
p53-/IDH+ showed statistically significant survival gain than the patients with remained
combination of proteins-expression status. Therefore, these three biomarkers, individually
and as a combination, can stratify GBMs into prognostically relevant subgroups and have
strong prognostic values in adult GBMs.
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INTRODUCTION

Glioblastoma (GBM) is the most aggressive diffuse glioma of
the astrocytic lineage and corresponds to grade IV according to
the WHO classification (1). It is also the most frequently diag-
nosed brain tumor, accounting for 45.2% of primary malignant
brain tumors, 54% of all gliomas, and 16% of all primary brain
tumors (2). GBM comprises of primary and secondary subtypes,
which evolve through different genetic pathways, affect patients
at different ages, and have different survival rates (3).

GBMs can have aberrant expression of different growth-con-
trol genes and their proteins, including impaired alpha thalas-
semia/mental retardation syndrome X-linked (ATRX) expres-
sion (ATRX-), p53 overexpression (p53+), and mutant IDH1 (H09)
expression (IDH1+). Previous studies have shown that in un-
selected GBMs, IDH mutations were found in approximately
8.8% of the patients (4). Selectively, IDH mutations were detect-
ed in almost 90% of secondary GBM, whereas these mutations
are uncommon in primary GBM (5). Moreover, IDH mutations
are established markers of better prognosis in GBM (6-8). Mu-
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tations in p53 have been found in approximately 60% patients
with secondary and 25% with primary GBMs (6,9,10). Associa-
tion of TP53 mutations with survival outcome in GBM patients
has not been consistent; some studies reported better survival
in patients with TP53 mutations (11,12) while others have failed
to find such association (13). ATRX is frequently mutated in sec-
ondary (57%) but rarely in primary GBMs (11,14,15). In GBM,
ATRX mutations are usually accompanied by IDH and TP53
mutations (14). ATRX enables the incorporation of the histone
variant H3.3 into the heterochromatin, giving rise to changes in
telomere length and genomic instability (16,17). Mutations of
ATRX are still under study to determine its association with sur-
vival outcome in GBM patients and to establish these mutations
as prognostic factors.

Therefore, the aims of our study were to determine the pro-
tein expression signatures of important growth-control genes,
i.e., IDHI, p53, and ATRX, in our cohort of GBMs, and to deter-
mine whether in GBM altered protein expression of any of these
growth-control genes, or their combined variants, were associ-
ated with significant increase in patient survival and, thereby,
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to establish prognostically distinct molecular subgroups of GBM
irrespective of the histopathological diagnosis.

MATERIALS AND METHODS

Patient population and tissue microarray

A cohort of 163 patients diagnosed with GBM, who underwent
surgery and were treated at Seoul National University Hospital
(SNUH) in Korea between 1999 and 2011, were enrolled in this
study, which had full medical history, survival data, enough for-
malin fixed paraffin embedded tissues (FFPE) for tissue micro-
array (TMA) and definite diagnosis of grade IV astrocytoma with
microvascular proliferation and/or necrosis. Median age of our
cohort was 49.4 years old (21-79 years old) and male to female
ratio was 1.4:1. Archived slides and paraffin blocks for all the
cases were obtained from the Department of Pathology, SNUH.
Immunohistochemistry were carried out on TMA. Archival he-
matoxylin and eosin (H & E) stained slides were re-evaluated to
determine the diagnostic accuracy and representative tumor
regions for inclusion in the TMA. An average of 3-mm cores were
cut from FFPE tissue blocks. If the cores of TMA were not repre-
sentative or the results were not convincing due to losses of large
part of core tissue during processing or squeezing artifact of tu-
mor cells or extensive tumor cell necrosis seen in selected areas
for TMA blocks, an entire sections from the other blocks were
immunostained and re-analyzed. The clinical and survival data
of the patients were obtained from the SNUH online portal.

Histological evaluation

Histological evaluation was performed on H & E stained archi-
val slides from 163 cases. All cases were reviewed by the neuro-
pathologists and confirmed as WHO grade IV astrocytomas ac-
cording to the 2007 WHO classification scheme.

Immunohistochemical studies

Immunohistochemical staining was performed according to
the manufacturer’s protocols using BenchMark XT (automated
immunohistochemical slide staining system, Roche Diagnos-
tics, IN, USA). Immunohistochemistry was performed on TMA
sections using antibodies against ATRX (rabbit polyclonal, 1:600;
Sigma-Aldrich, St. Louis, MO, USA), p53 (mouse monoclonal,
Clone: DO-7, 1:50; Dako, Glostrup, Denmark), and IDH1 R132H
mutant protein (mouse monoclonal, clone H09, 1:50; Dianova,
Hamburg, Germany). Positive and negative controls were in-
cluded in all TMAs. Sections from known mutation-positive and
immunoreactive GBM tumors were used as positive controls.
Negative controls consisted of sections incubated with normal
rabbit serum instead of the primary antibody. IDHland ATRX
were scored as positive or negative. p53 were scored using a
four-tiered scale, namely the percentage of stained nuclei was
quantified and grouped into one of the four classes: (-), < 10%
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of the nuclei stained indicating the absence of immunoreactivi-
ty; (I+), 10-30% of the nuclei stained; (2+), 30.1-50% of the nu-
clei stained; (3+), >50% of the nuclei stained (12,13,18). And
2+ and 3+ were regarded as positive. Immunoreactivity was per-
formed using the Aperio ImageScope software with Nuclear v9
algorithm.

Statistical analysis

Survival analysis was performed using the Kaplan-Meier esti-
mator and log-rank test to assess the significant association of
immunopositive versus immunonegative ATRX, p53, and IDH1
proteins with overall survival (OS) and progression free survival
(PES) times in GBM patients. A P < 0.05 was considered statisti-
cally significant. Analyses were carried out using IBM SPSS Sta-
tistics software V22.0.

Ethics statement

Clinical data were obtained from Seoul National University Hos-
pital (SNUH) online medical records in accordance with insti-
tutional review board (IRB)-approved protocols (1307-093-505).
We used anonymized tissue microarray blocks (TMA) made
from formalin fixed paraffin embedded tissues made before
2013 February when newly updated life and ethical law is oper-
ated and informed consent was waived.

RESULTS

Clinical dataset

The demographic and survival characteristics of the unselected
GBM population are summarized in Table 1. The study popula-
tion consisted of 163 adult patients with a median age at diag-
nosis of 49.4 years (Age range: adults 21-79 years). The cohort
consisted of 95 males and 68 females (1.4:1). The results of me-
dian OS and PFS were analyzed according to aberrant protein
expression status, as each or combinations of three proteins, in
our cohort of GBM patients (Tables 2-4).

Immunohistochemical and survival analysis of GBMs with
individual IDH1, ATRX and p53 protein expression, and
patients’ age

Immunohistochemical characteristics of the enrolled GBM pop-
ulation are summarized in Table 2. From the overall study pop-

Table 1. Demographic summary of patient cohort with glioblastoma (GBM) in this study

Parameters No. of cases
Total No. of GBM cases 163
Ages (21-79 yr) 49.4
Males 95
Females 68
Males:female ratio 1.4:1
Overall median survival (0S): adult 22.8 mon
Progression free survival (PFS): adult 18.2 mon
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ulation, aberrant expression was observed in 25 GBMs (15.3%)
for ATRX, 17 GBMs (10.4%) for IDH1, 80 GBMs (48.4%) for p53
(Fig. 1). The patients’ median OS and PFS in correlation with
the aberrant protein expression are summarized in Table 2. In
all patients each ATRX- and IDH1+ tumors showed the similar-
ly excellent median OS of 32.9 and 31.9 months, and median
PES of 25.9 and 28.1 months, respectively, whereas the patients
with p53-overexpressing tumors showed the worst median OS
(19.3 months) and PFS (15.8 months). Kaplan Meier survival
analysis showed statistically better OS and PFS in patients with
GBMs with mutant protein expression of ATRX (ATRX-) and
IDH1 (IDH1+) than the patients with GBMs with counterpart
status of these two proteins (Fig. 2A-D). However, in case of p53
protein expression status, the better PFS was found in the pa-
tients with p53 negative GBMs, but OS was not correlated with
P53 status (Fig. 2C and D). If the GBM patients stratified as two
groups, younger and older age group, the p53 overexpressed
tumors were correlated with poor OS (P = 0.014), however, in
young age group under 45 years old, p53 overexpression did
not affect the patients’ OS. The younger patients under 45 years
old had statistically better OS (P = 0.011) than the older patients
(= 45 years old), however, they had better tendency in PFS than
older patients (P = 0.113) (Fig. 2E and F).

Table 2. The result of ATRX, IDH, and p53 immunoexpression in enrolled GBMs and
median overall and progression free survivals in each subgroup

Result of Median 0S, Median PFS,
Mutant ~ immunohis- mon (n = 163) mon (n = 163)
protein  tochemistry:  Mutant  Wildtype Mutant  Wildtype
No. (%) protein protein protein protein
ATRX- 25(15.3) 329 21.0 25.9 16.9
[DH1+ 17 (10.4) 31.9 21.8 28.1 17.2
po3+ 80 (48.4) 19.3 26.2 15.8 20.6

0S, overall survival; PFS, progression free survival; ATRX-, loss of ATRX expression;
HO9, mutant IDH1; IDH1+, positive expression; p53+, p53 overexpression.

Immunohistochemical and survival analysis of GBMs with
combinations of two protein expression

Table 3 shows immunohistochemical results of two protein pairs,
ATRX/IDH1, ATRX/p53, and IDH1/p53 and their median OS
and PFS. In two protein pairs, the three largest combinations
were ATRX+/IDH1- (78.5%), IDH1-/p53- (46.0%), and ATRX+/
p53- (42.9%). However, ATRX+/p53+ and IDH1-/p53+ combi-
nation was also similarly high (41.7% and 43.6%, respectively).
The three smallest subgroups were ATRX-/DH1+ (4.3%), ATRX-/
p53+ (6.7%), and IDH1+/p53+ (4.9%).

By analyzing the patients’ survival according to the combina-
tions of the ATRX/IDH]1 pair, the highest median OS (42.71 mon-
ths) and PFS (42.2 months) were found in the patients with ATRX-
/IDH1+, while the lowest median OS (20.7 months) and PFS
(16.8 months) were observed in the patients with ATRX+/IDH1-
. The analysis of the ATRX/p53 pair revealed that ATRX-/p53-
expression evidenced the highest median OS and PFS (39.9 and
29.6 months, respectively), while the ATRX+/p53+ combination
showed the lowest median OS and PFS (18.5 and 15.0 months,
respectively). IDH1/p53 pair revealed that IDH1+/p53- group

Table 4. Combined triple proteins of ATRX, p53, and IDH1 immunohistochemical re-
sults and survival outcomes

GBM variants :‘i %’é (')\gcj%a;n Pvalue P’\FAS?, dr'sgn Pvalue
ATRX-/P53-/IDH1+ 4(2.5) 47.9 0.010 47.9 0.031
ATRX-/P53-/IDH1- 10 (6.1) 36.7 22.2
ATRX-/P53+/IDH1+ 3(1.8) 35.9 34.7
ATRX+/P53+/IDH1+ 5(3.1) 26.7 20.2

ATRX+/ P53-/IDH1- 65 (39.9) 235 19.1
ATRX+/P53-/IDH1+ 5(3.1) 21.8 16.3
ATRX-/P53+/IDH1- 8 (4.9 19.5 16.3
ATRX+/P53+/IDH1- 63 (38.7) 17.8 14.5

Pvalue was obtained by log rank test of Kaplan Meier Survival analysis.

ATRX-, loss of ATRX expression; ATRX+, positive ATRX protein expression; p53+, over-
expression of p53; p53-, lack of p53 expression; IDH1+, positive IDH1 protein ex-
pression; IDH1-, negative for mutated IDH1(R132H) protein.

Table 3. Analysis of various combination of two proteins-pairs in adult GBMs and survival outcomes

Results of IHC GBM variants b (52) e 0 Pvalue HIEHIE 775, Pvalue
n=163 mon mon
ATRX/IDH1 ATRX-/IDH1+ 7 (4.3%) 42.7 0.003 42.2 0.049
ATRX-/IDH1- 8 (11.0%) 28.9 19.6
ATRX+/IDH1+ 0(6.1%) 24.2 18.3
ATRX+/IDH1- 128 (78.5%) 20.7 16.8
ATRX/p53 ATRX-/P53- 4 (8.3%) 39.9 0.028 29.6 0.016
ATRX-/P53+ 1(6.7%) 23.9 21.3
ATRX+/P53- 70 (42.9%) 23.4 18.9
ATRX+/P53+ 68 (41.7%) 18.5 15.0
IDH1/p53 IDH1+/P53- 9 (5.5%) 334 0.014 30.3 0.031
IDH1+/P53+ 8 (4.9%) 30.1 25.7
IDH1-/ P53- 75 (46.0%) 25.3 195
IDH1-/ P53+ 71 (43.6%) 18.0 14.7

P value was obtained by log rank test of Kaplan Meier survival analysis.

IHC, immunohistochemistry; GBM, glioblastoma; OS, overall survival; PFS, progression free survival; ATRX-, loss of ATRX expression; ATRX+, positive ATRX protein expression;
p53+, over-expression of p53; p53-, lack of p53 expression; IDH1+, Positive IDH1 protein; IDH1-, negative for mutated IDH1 (R132H) protein.
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Fig. 1. The figures show representative pictures of one of GBMs and aberrant protein expression, that is, ATRX-/p53+/IDH1+, which are the least common combination of pro-
tein status, comprising 1.8% of our studied cohort. (A) H & E. (B) ATRX. (C) p53. (D) IDH1, (A-D) x 200.

was correlated with the highest median OS and PFS (33.4 and
30.3 months, respectively), while IDH1-/p53+ group have the
lowest median OS and PFS (18.0 and 14.7 months, respective-
ly). Kaplan Meier survival analysis of two protein expression
pairs also revealed the same results. Among them, the best sur-
vival combinations group were ATRX-/IDH1+, ATRX-/p53-, and
IDH1+/p53- (Fig. 3).

Immunohistochemical and survival analysis of GBMs with
combinations of three protein expression
As shown in Table 4, combined three-protein immunohisto-
chemical analysis revealed eight different molecular variants.
About 1.8% (3/163) of the samples was consisted of aberrant
protein expression of all three proteins, i.e., ATRX-/p53+/IDH1+,
while 39.9% (65/163) were wildtype protein expression group,
i.e., ATRX+/p53-/IDH1-.

The survival analysis of patients with these three proteins
combination revealed the highest median OS and PFS of 47.9
and 47.9 months for ATRX-/P53-/IDH1+ combination and the

http://dx.doi.org/10.3346/jkms.2016.31.8.1208

lowest OS and PFS group was ATRX+/P53+/IDH1- combina-
tion (17.8 and 14.5 months, respectively) (Table 4).

In three biomarker combination group, the best survival was
noted in the patients with ATRX-/p53-/IDH1+, which were com-
prised only 2.5% of GBMs (Fig. 3D) (P = 0.010).

DISCUSSION

It was previously observed in various studies that some relation-
ship exists between aberrant expression of ATRX, p53, and IDH1
proteins in GBM patients and their OS. Though those studies,
better OS outcomes in GBM patients with ATRX- and/or IDH1+
than patients with counterpart protein expression status (11,14,
15). The aim of our study was to establish a correlation between
survival (OS and PFS) of GBM patients and the immunohisto-
chemical expression of ATRX, IDH]1, and p53, individually, as
well as in different combinations. Immunohistochemically, we
found ATRX loss in 15.3%, p53 overexpression in 48.4%, and
IDH1 positivity in 10.4% of unselected GBM patients. Survival

http://jkms.org 1211
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Fig. 2. Kaplan-Meier plots for GBM patient survival by ATRX, IDH, and p53 protein expressions status. (A, B) The better survival (OS and PFS) is found in the patients with GBMs
with positive IDH1 than the patients with lack of IDH1. (C, D) The better survival (OS and PFS) is noted in the patient with loss of ATRX expression than the patients with preserv-
ed ATRX expression. (E, F) The better survival with GBMs with lack of p53 overexpression has better PFS than the patients with GBMs with p53 overexpression, but 0S is not
statistically significant difference between the patients with p53 positive and negative GBMs. (G, H) Younger age patients (< 45 years old) have statistically significant better sur-

vival than the older GBM patients (> 45 years old).

analysis based on immunohistochemical results showed a sta-
tistically significant better survival with ATRX- and/or IDH1+
when compared to patients with ATRX+ and/or IDH1- (Fig. 2).
To date, some studies have demonstrated a correlation between
TP53 gene mutations and decreased median survival, while
others have not found such correlation. In our cohort, the pa-
tients with p53 overexpression showed a poorer median overall

1212 http://jkms.org

survival (19.3 months) when compared to GBM patients with
p53- (26.2 months) (P = 0.019). However, the Kaplan Meier sur-
vival analysis, the only PFS was statistically better in GBM pa-
tients with p53- than patients with p53+ and the OS was ten-
dency of better survival in the GBM patients with p53- than the
patients with counterpart result (Fig. 2). Our results are in line
with those obtained by Newcomb et al. (13); here, p53 muta-
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Fig. 3. Kaplan-Meier plots for GBM patient survival by combined two and three gene immunohistochemical status. (A) Among ATRX/IDH1 combination subgroups, the highest
median OS of 42.7 months is found in the patients with ATRX-/IDH1+ status. (B) Among ATRX/p53 combination subgroups, the highest median OS of 39.9 months is found in
the patients with ATRX-/p53- status. (C) Among IDH1/p53 combination subgroups, the highest median OS of 33.4 months is found in the patients with IDH+/p53- status. (D)
The highest median OS of 47.9 months is found in patients with ATRX-/p53-/IDH+ status among three protein combination subgroups.

tions were found to be related to survival in an age specific man-
ner being favorable if mutations are found in younger popula-
tion (22-40 age group), whereas unfavorable after 40 years old
(41-60 and 61-80 age groups). Our cases of GBMs with p53 over-
expression also showed unfavorable OS in the patients with 45
years old and over that age (P = 0.014).

Immunohistochemically analyzing two and three protein
combinations, we hypothesized whether certain molecular al-
terations were more likely to be associated with better OS and
PFS. We found that the different protein alterations were asso-
ciated with distinct survival rates. The survival differences rea-
ched statistical significance in all ATRX/p53, ATRX/IDH, and
IDH1/p53 combination, and ATRX/IDH1/p53 combinations,
with P < 0.05 in all categories (Fig. 3).

In conclusion, we have shown aberrant expression of ATRX,
p53, and IDH1 proteins in our cohort of GBMs. Immunohisto-
chemical analysis of ATRX, p53, and IDH]1 individually, and in
different combinations, revealed that aberrant expression of
ATRX and IDHI1 proteins and lack of p53 expression, together

http://dx.doi.org/10.3346/jkms.2016.31.8.1208

with combinations of ATRX-/IDH1+, ATRX-/p53-, IDH1+/p53-,
and ATRX-/p53-/IDH1+ groups, were associated with a distinct
and statistically significant increased survival rates regarding
both OS and PFES. Therefore, these protein expression signatures
individually, as well as the combined protein expression signa-
tures, can stratify GBMs into prognostically relevant subgroups
and may be used as prognostic markers in addition to diagnos-
tic markers.
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