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significantly associated to the ALT phenotype (p = 0.0003). 
The constitutive ATRX expression in microglia/mac-
rophages may be misleading, especially in the identifica-
tion of an oligodendroglial tumor infiltration. Of paramount 
importance in the recognition of oligodendroglial and 
astrocytic tumor cells were the double immunostainings for 
ATRX/GFAP, ATRX/IDH1R132H, ATRX/Iba-1 and ATRX/
CD68.
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Introduction

The differential diagnosis between oligodendroglioma and 
astrocytoma has always been problematic. The diagnostic 
uncertainty was even more difficult for oligoastrocytoma 
(OA), recognized as mixed glioma with both an astro-
cytic and an oligodendroglial component [1]. Beside rare 
instances with the two clearly separate components, the two 
cell types usually appear intermingled. Diagnostic criteria 
were suggested, including at least 10 % tumor oligodendro-
cytes in astrocytic gliomas [2] or 10 % tumor astrocytes in 
oligodendroglial gliomas [3]. After the first description [4], 
the existence of OA was confirmed [5], although the pos-
sibility of an oligodendroglioma with reactive astrocytes 
was suggested [6]. The failure in the distinction between 
reactive and tumor astrocytes, as well as the occurrence 
of minigemistocytes [7], glial fibrillary oligodendrocytes 
(GFOC) [8–10] and real gemistocytes, greatly contributed 
to the indefinite histologic aspect.

Recently, somatic alpha-thalassemia/mental retarda-
tion syndrome X-linked (ATRX) gene mutations, resulting 
in ATRX protein loss, have been found to be restricted 
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to isocitrate dehydrogenase 1 and 2 (IDH1/2) mutant 
low grade astrocytic gliomas [11–17]. ATRX belongs 
to the H3.3-ATRX-DAXX chromatin remodelling path-
way involved in chromatin stabilization [18]. ATRX and 
its binding factor DAXX incorporate the histone protein 
H3.3 into the nucleosome at telomeres and pericentric het-
erochromatin [19, 20]. Alterations of this function cause 
loss of structural integrity at telomeres leading to tumori-
genesis. ATRX or DAXX protein loss is associated to the 
alternative lengthening of telomeres (ALT), a telomerase-
independent mechanism of telomere lengthening [11–13, 
15, 21].

In a recent study, the retained nuclear ATRX expression, 
associated to IDH1/2 mutations and 1p/19q co-deletion, 
allowed to reclassify 31 of 43 (72.1 %) OAs as oligodendro-
gliomas; 11 of 43 (25.6 %), with concurrent ATRX protein 
loss and TP53 mutations, were reclassified as astrocytomas. 
In one case (<1 %), the astrocytes within the tumor were 
proved to be reactive [22]. These results were confirmed 
in a large collection of cases [23] and led to the disappear-
ance of OA as a separate tumor entity. As ATRX is ubiqui-
tously expressed in normal cells (endothelial cells, reactive 
astrocytes, microglia/macrophages and infiltrating lympho-
cytes), the crucial point is to ascertain the occurrence of 
ATRX-negative and IDH1R132H-positive astrocytes in the 
tumor.

Molecular genetics became increasingly important for 
the definition of tumor entities and, to date, is an essential 
tool. The integration of molecular data (ATRX and IDH1/2 
mutation and 1p/19q chromosomal status) into the diffuse 
glioma diagnosis was definitively confirmed in the recent 
“International Society of Neuropathology (ISN)-Haarlem 
Consensus” guidelines for brain tumor classification [24].

The aim of this study was to apply the integrated diagno-
sis on a series of 206 adult gliomas of different histologic 
type and malignancy grade, including 40 OAs. The immu-
nohistochemical reactivity for the ATRX protein has been 
used as surrogate for the ATRX mutation status.

Materials and methods

Brain tumor specimens

The study has been carried out on 154 low grade and 52 
high grade adult gliomas from our collection. The initial 
histologic diagnosis according to the current World Health 
Organization (WHO) guidelines [1] is reported in Table 1. 
In the glioblastoma (GBM) tumor subgroup, tumors 
were classified as primary (pGBM) or secondary GBM 
(sGBM) based on progression from a documented grade II 
or III glioma. In presence of areas with the “honeycomb” 

appearance, tumors were classified as GBM with oligoden-
droglial component (GBMO).

Patients underwent partial or total resection at different 
Italian Neurosurgery Units. Surgical tumor samples were 
formalin fixed, paraffin embedded (FFPE) and cut in 5-μm 
thick sections.

Immunohistochemistry (IHC)

After haematoxylin and eosin (H&E) staining, IHC was 
performed with the primary antibodies listed in the sup-
plementary Table  S1 on a Ventana Full BenchMark® 
XT automated immunostainer (Ventana Medical Sys-
tems Inc., Tucson, AZ, USA). The ultraView™ Universal 
DAB Detection Kit was the revelation system (Ventana). 
Heat-induced epitope retrieval (HIER) was obtained with 
Tris–EDTA, pH 8 (Ventana). Double immunostainings for 
ATRX/GFAP, ATRX/IDH1R132H, ATRX/Iba-1 and ATRX/
CD68 were performed with the ultraView™ Universal 
Alkaline Phosphatase Red Detection Kit (Ventana).

The Ki-67/MIB-1 labelling index (LI) was calculated 
as the average percentage of positive nuclei on the total 
number of nuclei in five microscopic fields, at 1000× 
magnification.

Microglia/macrophages were quantified by cell counting 
as the average number of positive cells on Iba-1 and CD68-
stained sections, respectively, in five microscopic fields, at 
400× magnification. Reactive astrocytes were quantified in 
the same way on GFAP-stained sections.

A threshold of 5 % of positive tumor nuclei was used to 
assign immunopositivity for ATRX.

Molecular genetics

Genomic DNA (gDNA) was isolated from FFPE tumor 
samples using the QIAamp DNA Mini Kit (Qiagen NV, 
Venlo, The Netherlands).

The 1p/19q chromosomal status was assessed by Mul-
tiplex Ligation-dependent Probe Amplification (MLPA) 
using the SALSA-MLPA Kit P088-B2 (lot numbers 0608-
0112) (MRC-Holland, Amsterdam, The Netherlands), 
according to the manufacturer’s instructions. Threshold 
values to detect losses or gains in tumor samples were set 
at 0.75 and 1.4, respectively [25]. Fragment analysis was 
performed on an ABI® 3130 Genetic Analyzer (Life Tech-
nologies, Foster City, CA, USA) and data were collected 
by the GeneMapper v4.0 software (Life Technologies). 
Data were analyzed using Coffalyser v9.4 software (MRC-
Holland). Total 1p/19q co-deletion was assigned when all 
consecutive probes on the chromosomal arm 1p showed a 
ratio < 0.75. Partial loss on 1p was defined as evidence of 
telomeric or interstitial deletions interesting at least two 
consecutive probes.
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Search for somatic point mutations at the hot-spot 
codons IDH1 Arg132 (exon 4) (GenBank sequence 
NM_005896) and IDH2 Arg172 (exon 4) (GenBank 
sequence NM_002168) was performed by Sanger direct 
sequencing on an ABI® 3130 Genetic Analyzer (Life Tech-
nologies), as published [26]. The BigDye Terminator v1.1 
Cycle Sequencing Kit (Life Technologies) was used. Data 
were collected by the Sequencing Analysis v.5.3.1 software 
(Life Technologies).

Telomere Fluorescence In Situ Hybridization (FISH)   
and ALT assessment

In a subgroup of 14 gliomas, including eight grade II astro-
cytomas, three grade II oligodendrogliomas and three 
GBMs, as well as in one sample of normal nervous tissue 
(NNT), the presence of the ALT phenotype was assessed 
using the Telomere PNA FISH Kit/FITC kit (Dako, 
Glostrup, Denmark). The analysis was carried out on FFPE 
tissue sections prepared according to standard techniques 
using the Histology FISH Accessory kit (Dako). FISH was 

analyzed using a Olympus BX61 microscope (Olympus 
Corporation, Tokyo, Japan) and the CytoVision software 
(Leica Biosystems, Newcastle Ltd, UK). An average of 
500 nuclei was analyzed at five different target areas using 
H&E-stained sections as histotopographic reference. Areas 
exhibiting necrosis were excluded from consideration. 
ALT-positive cases were identified by large and very bright 
intra-nuclear FISH signals (ALT-associated telomeric foci) 
in tumor cells. Thus, cases were classified as ALT-positive 
if >1 % of tumor cells showed ultra-bright FISH signals. 
The ultra-bright FISH signals were considered as ALT-foci 
only when their intensities were > 10-fold that of the aver-
age signal intensities for individual benign stromal nuclei 
within the same case [11]. The signal intensities of ALT-
associated telomeric foci were calculated using the CytoVi-
sion software (Leica Biosystems).

Statistical methods

Associations between categorical variables were evaluated 
by use of 2 × 2 contingency tables and the Chi square (χ2) 

Table 1   Immunoreactivity for the ATRX protein with regard to IDH1/2 and 1p/19q status according to the initial histologic diagnosis

PA pilocytic astrocytoma, DA diffuse astrocytoma, AA anaplastic astrocytoma, OA oligoastrocytoma, AOA anaplastic oligoastrocytoma, O oli-
godendroglioma, AO anaplastic oligodendroglioma, pGBM primary glioblastoma, sGBM, secondary glioblastoma, GBMO glioblastoma with 
oligodendroglial component
*Occurrence of ATRX-positive and ATRX-negative tumor cells

Initial diagnosis Cases ATRX expression IDH1/2  
mutations

Total 1p/q19 
co-deletion

Partial 1p/19q 
co-deletion

Intact 1p/19q Gain on 
1p/19q

n n % n % n % n % n % n %

PA 12 Retention 9 75 1/9 11.1 0/9 0 2/9 22.2 7/9 77.8 0/9 0
Loss 3 25 0/3 0 0/2 0 1/2 50 1/2 50 0/1 0

DA 24 Retention 2 8.3 0/2 0 0/1 0 1/1 100 0/1 0 0/1 0
Loss 22 91.7 14/21 66.7 0/11 0 3/11 27.3 8/11 72.7 0/1 0

AA 12 Retention 7 58.3 1/7 14.3 1/7 14.3 5/7 71.4 0/7 0 1/7 14.3
Loss 5 41.7 3/5 60 0/3 0 2/3 66.7 1/3 33.3 0/3 0

OA 31 Retention 6 19.4 3/5 60 1/3 33.3 0/3 0 1/3 33.3 1/3 33.3
* 4 12.9 3/4 75 0/3 0 3/3 100 0/3 0 0/3 0
Loss 21 67.7 19/20 95 0/19 0 9/19 47.4 10/19 52.6 0/19 0

AOA 9 Retention 7 77.8 2/6 33.3 2/7 28.6 5/7 71.4 0/7 0 0/7 0
* 1 11.1 0/0 0 0/1 0 1/1 100 0/1 0 0/1 0
Loss 1 11.1 1/1 100 0/1 0 1/1 100 0/1 0 0/1 0

O 39 Retention 39 100 27/37 73 19/34 55.9 10/34 29.4 5/34 14.7 0/34 0
AO 27 Retention 27 100 12/23 52.2 7/22 31.8 12/22 54.5 3/22 13.6 0/22 0
pGBM 32 Retention 27 84.4 1/27 3.7 1/17 5.9 13/17 76.5 3/17 17.6 0/17 0

5 15.6 1/5 20 0/2 0 1/2 50 0/2 0 0/2 0
sGBM 1 Loss 1 100 1/1 100 0/0 0 1/1 100 0/1 0 0/1 0
Gliosarcoma 12 Retention 10 83.3 0/10 0 1/10 10 1/10 10 8/10 80 0/10 0

Loss 2 16.7 0/2 0 0/2 0 0/2 0 2/2 100 0/2 0
GBMO 7 Retention 6 85.7 0/5 0 0/4 0 1/4 25 3/4 75 0/4 0

Loss 1 14.3 0/1 0 0/1 0 0/1 0 1/1 100 0/1 0
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or the two-tailed Fisher’s exact test, as appropriate. Anal-
ysis was carried out by SPSS v23.0 software (SPSS Inc., 
Chicago, IL, USA).

P values <0.05 were considered as statistically 
significant.

Results

IHC

The immunoreactivity for the ATRX protein in the different 
tumor types is described in Table 1. The diagnostic revision 
was based on the following immunohistochemical findings 
(Fig. 1).

	 1.	 ATRX was ubiquitously expressed in endothelial cell, 
infiltrating lymphocyte and reactive astrocyte nuclei.

	 2.	 ATRX immunopositivity was retained in tumor oligo-
dendroglial nuclei while it was typically lost in tumor 
astrocytic nuclei (more in diffuse than in anaplastic 
astrocytomas).

	 3.	 ATRX was constitutively expressed in microglia/
macrophage nuclei. Iba-1 and CD68 IHC has been 
performed on tumor serial sections. The frequency of 
microglia/macrophage cells was on average 50–130 
cells per field at 400 × magnification (personal data). 
The occurrence of ATRX-positive tumor oligoden-
droglial nuclei could only be verified by the double 
immunostainings for ATRX/Iba-1 and ATRX/CD68 
that specifically identify the microglia/macrophage 
content.

	 4.	 IDH1/2 mutations and IDH1R132H immunoreactivity 
in tumor cell components occurred in 70–90 % of low 
grade gliomas, with a higher frequency in oligoden-
droglial than in astrocytic gliomas [26, 27].

	 5.	 Although the IDH1R132H immunoreactivity indicates 
the tumor nature of the cells, a minor percentage of 
IDH1/2 wild type oligodendroglial or astrocytic tumor 
cells could not be detected.

	 6.	 The double immunostaining for ATRX/GFAP 
allowed to distinguish reactive from tumor astrocytes 
and tumor oligodendrocytes from tumor astrocytes.

	 7.	 Normal oligodendrocytes did not express ATRX; 
they expressed Cyclin D1 that, conversely, was not 
expressed by tumor oligodendrocytes [28].

	 8.	 Minigemistocytes, GFOC and gemistocytes of oli-
godendroglial origin were distinguished from large 
tumor astrocytes for their retained ATRX expression. 
When they were very frequent, the tumor could mimic 
a gemistocytic astrocytoma. However, the retained 
nuclear ATRX immunopositivity was helpful in rec-
ognizing the oligodendroglial nature.

	 9.	 Neurons of the normal cortex expressed ATRX 
whereas their satellites showed loss of nuclear ATRX 
expression. In the infiltrated cortex, perineuronal sat-
ellitosis was composed of an increasing number of 
ATRX-positive satellites.

	10.	 Primary GBMs and gliosarcomas retained nuclear 
ATRX expression whereas sGBMs followed the 
immunohistochemical pattern of diffuse astrocyto-
mas. GBMO preserved ATRX expression as pGBMs.

	11.	 Pilocytic astrocytomas retained nuclear ATRX immu-
noreactivity.

Molecular genetics

The IDH1/2 mutation rate and the 1p/19q chromosomal 
status in the different tumor types, according to the initial 
diagnosis and with respect to the ATRX immunoreactivity, 
are reported in Table 1.

Loss of nuclear ATRX expression was significantly 
associated to IDH1/2 mutations in the whole astrocytic gli-
oma group (p = 0.0001) and in the tumor subgroups of low 
grade astrocytomas (p = 0.002) and OAs (p = 0.0274).

ATRX loss was mutually exclusive with the total 1p/19q 
co-deletion (p = 0.0001) (Table 1).

The spectrum of activating mutations in the IDH1/2 
genes is illustrated in the supplementary Table S2.

ALT phenotype

The ALT phenotype was detected in all the eight astrocy-
toma cases exhibiting loss of nuclear ATRX protein expres-
sion (p = 0.0003). All of them displayed the IDH1 c.395G >  
A (p.R132H) mutation and, accordingly, IDH1R132H immu-
noreactivity (p = 0.0003). The percentage of ALT-positive 
tumor cells varied from 2.3 to 14 (supplementary Table S3).

Oligodendrogliomas and GBMs with retained ATRX 
expression did not show the ALT phenotype, as NNT 
(Fig. 2).

Change of tumor category after the integrated 
diagnosis

The diagnostic change of the glial tumor series is illustrated 
in the Figs. 3, 4.

In the astrocytic tumor subgroup, the initial diagno-
sis of astrocytoma was confirmed in 30 of 36 (83.3 %) 
cases (16 IDH1/2 mutant and 14 wild type); four cases 
were reclassified as oligodendroglioma, one as dysem-
bryoplastic neuroepithelial tumor (DNT) and the other 
as reactive gliosis. In the oligodendroglial tumor sub-
group, the initial diagnosis was confirmed in all 66 cases 
(Fig. 3).
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Fig. 1   Immunohistochemical reactivity for the ATRX protein. a 
Oligoastrocytoma with intermingled oligodendroglial and astrocytic 
cells, H&E, 200×. b Oligodendroglioma, ATRX-positive nuclei, 
DAB, 400×. c Id, pericapillary crowding of IDH1R132H-positive 
tumor oligodendrocytes, DAB, 200×. d Gemistocytic astrocytoma, 
IDH1R132H-positive tumor astrocytes, DAB, 400×. e Id, ATRX-nega-
tive tumor astrocytes, DAB, 400×. f Id, Iba-1-positive microglia/mac-
rophage nuclei, DAB, 200×. g Id, ATRX-negative and GFAP-positive 

tumor astrocytes, double immunohistochemistry (IHC) with DAB and 
Alkaline Phosphatase Red, respectively, 400×. h Oligodendroglioma, 
reactive astrocytes with GFAP-positive thick cytoplasms and long 
processes and ATRX-positive nuclei, double IHC with Alkaline Phos-
phatase Red and DAB, respectively, 400×. i Id, IDH1R132H-positive 
perineuronal satellites, DAB, 400×. j Id, ATRX-positive perineuronal 
satellites, DAB, 400×. DAB, 3,3′-Diaminobenzidine
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In the tumor subgroup of OA (Fig. 4), the initial diagno-
sis changed in 35 of 40 (87.5 %) cases: 22/40 (55 %) were 
reclassified as astrocytoma due to the absence of a total 
1p/19q co-deletion, occurrence of IDH1/2 mutations and 
loss of ATRX expression in GFAP-positive phenotypically 
looking tumor astrocytes; 11/40 (27.5 %) were reclassi-
fied as oligodendroglioma due to retained ATRX expres-
sion in all cases and IDH1/2 mutations in seven of them. 
Total 1p/19q co-deletion was detected in 1/11 (9.1 %) cases 
whereas partial 1p or 19q deletions in 6/11 (54.5 %) cases; 
three cases showed intact 1p/19q and one was unsuitable. In 
2/40 (5 %) cases, both wild type for IDH1/2 genes, the ini-
tial diagnosis changed into reactive gliosis due to retained 
ATRX expression in GFAP-positive reactive astrocytes 
and to the lack of ATRX-positive tumor oligodendrocytes. 
Among the five remaining cases (12.5 %), in only one with 
partial 1p/19q co-deletion, ATRX-negative and GFAP-pos-
itive astrocytes coexisted with a number of ATRX-positive 

and GFAP-negative oligodendrocytes; both cell compo-
nents showed IDH1R132H immunopositivity by the double 
immunostaining for ATRX/IDH1R132H. The diagnosis of 
OA in this case was not excluded. In two IDH1/2 mutant 
cases, one with partial 1p/19q co-deletion and the other 
with intact 1p/19q, the diagnosis of OA could not be main-
tained because of the technical impossibility to perform 
IDH1R132H IHC. One IDH1/2 wild type case with partial 
1p/19q co-deletion and heterogeneous ATRX expression 
was regarded as ambiguous since the tumor nature of the 
two cell components could not be ascertained. The last one 
remained unclassifiable due to the lack of molecular data.

In the GBM tumor subgroup, the initial diagnosis was 
confirmed in all cases whereas GBMO were reclassified 
as pGMBs due to the absence of a total 1p/19q co-deletion 
and of IDH1/2 mutations.

Pilocytic astrocytomas showed a peculiar molecular pro-
file with ATRX retention and wild type IDH1/2 genes.

Fig. 2   ALT assessment in glioma specimens by telomere-specific 
FISH analysis. a Astrocytoma showing the ALT phenotype as indi-
cated by large and ultra-bright telomere FISH signals (white arrows), 
original magnification 100×. b Id, Loss of immunohistochemical 
reactivity for the ATRX protein in astrocytic tumor nuclei, DAB, 

400×. c Oligodendroglioma, absence of the ALT phenotype, origi-
nal magnification 100×. d Id, Retained ATRX protein expression in 
oligodendroglial tumor nuclei, DAB, 400×. DAB, 3,3′-Diaminoben-
zidine
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Discussion

The change of tumor category from the initial histologic 
diagnosis to the molecular diagnosis mainly depends on the 
criteria used in the initial tumor definition. The integrated 
diagnosis demonstrates that molecular genetics greatly 
improves the differential diagnosis between oligodendro-
glial and astrocytic gliomas.

In this regard, the immunohistochemical ATRX expres-
sion, as surrogate for the ATRX mutation status, is of para-
mount importance. In the present study, we demonstrate 
that the retention of ATRX expression in all oligodendro-
glial tumor nuclei strongly supports the diagnosis of oli-
godendroglioma. Conversely, its loss in tumor astrocytic 
nuclei favors the diagnosis of astrocytoma. As a matter of 
fact, ATRX protein loss occurs in 92 % of diffuse astrocy-
tomas and in 41.7 % of anaplastic astrocytomas. The lower 
frequency in the latter is in line with the literature, report-
ing loss of ATRX expression in 45–89 % of anaplastic 
astrocytomas [13–16, 23].

In our series, the initial histologic diagnosis was con-
firmed in all oligodendroglial tumors and in 83.3 % of 
astrocytic low grade gliomas. Eleven per cent of the latter 
were reclassified as oligodendroglioma due to a retained 
ATRX expression in tumor nuclei associated to IDH1/2 
mutations and total 1p/19q co-deletion. The remaining 
cases were reclassified as DNT or reactive gliosis. In con-
trast, in the tumor subgroup of OA, most tumors (87.5 %) 
were reclassified into different tumor categories. Fifty-five 

per cent of them were reclassified as astrocytoma and 
27.5 % as oligodendroglioma based on the ATRX protein 
expression and molecular data for IDH1/2 mutation and 
1p/19q chromosomal status. Five per cent of the cases were 
reclassified as reactive gliosis since the reactive nature has 
been demonstrated. For one case only, the diagnosis of OA 
could be not be excluded due to the demonstration of both 
ATRX-positive tumor oligodendrocytes and ATRX-neg-
ative tumor astrocytes in mixed tumor areas. Our findings 
are in line with the literature [17, 22, 23] and support the 
disappearance of OA as a separate tumor entity. However, 
rare instances of clearly biphasic OA exhibiting morpho-
logic and molecular heterogeneity, including heterogene-
ous ATRX immunoreactivity, have been described [29, 30]. 
These findings indicate that tumor cells could differentiate 
in oligodendroglial and astrocytic lineage or, alternatively, 
arise from progenitors before the differentiation in the two 
lineages.

The distinction between reactive or tumor astrocytes has 
always been a crucial point in the diagnosis of OA. Reac-
tive astrocytes occur in almost all gliomas and are difficult 
to be identified since their number, size and process produc-
tion are variable. After the discovery of ATRX mutations, 
reactive astrocytes can be unequivocally distinguished from 
tumor astrocytes by the double immunostaining for ATRX/
GFAP, due to their nuclear ATRX retention. In presence of 
a IDH1 c.395G > A (p.R132H) mutation, the IDH1R132H 
immunoreactivity contributes to reveal the tumor nature of 
the cells. However, in the 10–30 % of diffuse astrocytomas 
without IDH1/2 mutations, tumor astrocytes may remain 
undetectable.

Three critical points must be emphasized: (1) IDH1/2 
mutations occur at undifferentiated progenitors in 70–90 % 
of low grade gliomas [31–33], with a higher mutation rate 
in oligodendrogliomas than in astrocytomas [26, 27]; (2) 
total 1p/19q co-deletion and ATRX retention character-
izes oligodendroglioma excluding astrocytoma [34, 35]; (3) 
ATRX mutations/ATRX protein loss occur at the astrocytic 
progenitors and, therefore, when associated to TP53 muta-
tions, are the genetic alterations supporting the diagnosis of 
astrocytoma and sGBM [36].

In our series, a total 1p/19q co-deletion was detected in 
only 25/54 (46.3 %) oligodendroglial tumors (classified ini-
tially on the typical morphology of “honeycomb” appear-
ance and “chicken wire” vessel distribution); on the other 
hand, partial 1p and/or 19q deletions were present in 21/54 
(38.9 %) of them and in 11/20 (55 %) astrocytic tumors. It is 
widely accepted, therefore, that partial deletions may also 
occur in astrocytic gliomas in relation to malignant trans-
formation [37–39]. It remains to be clarified how tumors 
with classic oligodendroglial phenotype and lacking in 
total 1p/19q co-deletion might be classified. This is known 
to be more frequent in pediatric oligodendroglial tumors 

Fig. 3   Changes from the initial histologic diagnosis to the integrated 
diagnosis in 142 low grade astrocytic and oligodendroglial gliomas. 
Width of bars indicates relative proportions of the diagnostic changes 
into the different tumor categories. A astrocytoma, OA oligoastrocy-
toma, O oligodendroglioma, IDH isocitrate dehydrogenase, DNT dys-
embryoplastic neuroepithelial tumor, Unclass unclassifiable
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[40–42]. However, in our series, the average patient age for 
tumors with intact 1p/19q, irrespective of the IDH1/2 muta-
tion status, was 48 years (range 33–56 years). The problem 
is even complicated by the possibility to find a false “hon-
eycomb” appearance mimicking the perinuclear “halo” of 
oligodendroglial tumors containing ATRX-positive nuclei. 
This morphologic aspect could recognize other sources due 
to either microglia/macrophage contamination or a water 
disturb/edema of unspecified nature, as it may happen, for 
instance, in pilocytic astrocytoma [43].

The occurrence of minigemistocytes, GFOC or even of 
real gemistocytes could be misleading in the differential 
diagnosis between oligodendroglioma and astrocytoma, 
especially when in large number. However, their nuclear 
ATRX immunoreactivity resolves the problem.

The distinction between pGBMs and sGBMs is pre-
served because it coincides with the IDH1/2 mutation sta-
tus. Primary GBMs and gliosarcomas retain ATRX expres-
sion, demonstrating their origin from earlier glial progenitor 
cells or stem cells and not from the astrocytic lineage. In 
contrast, sGBMs follow the ATRX immunohistochemical 

pattern observed in diffuse astrocytomas. GBMO, with 
intact 1p/19q and retained nuclear ATRX expression, 
would disappear. It remains to be reconsidered the signifi-
cance of partial 1p/19q deletions in gliomas.

The retained nuclear ATRX expression in most pilocytic 
astrocytomas demonstrates their origin from a precursor 
preceding the separation of the astrocytic and oligodendro-
glial lineages. As a matter of fact, they also carry wild type 
IDH1/2 genes. ATRX mutations should, therefore, hit the 
astrocytic lineage after its origin from a common ancestor.

Astrocytic tumors with loss of nuclear ATRX protein 
expression and IDH1 c.395G > A (p.R132H) mutation/
IDH1R132H immunoreactivity exhibit the ALT phenotype 
for the telomere maintenance. Our data are in agreement 
with previous ones [11–15, 21, 44].

Finally, a crucial point is the great influence of micro-
glia/macrophages on the recognition of tumor oligoden-
drocytes since they constitutively express ATRX in their 
nuclei. Microglia/macrophages can be extremely frequent 
in diffuse gliomas; when abundant, their ATRX immu-
noreactivity could be assigned to oligodendroglial tumor 

Fig. 4   Overview of the genetic aberrations in the initial series of 
40 oligoastrocytomas. Each column corresponds to a single case. 
Change of tumor category from the initial to the integrated diagnosis 

with regard to the immunohistochemical reactivity for the ATRX pro-
tein, IDH1/2 mutation status and 1p/19q chromosomal status
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cells and lead to a misleading diagnosis between oligoden-
droglioma and astrocytoma. In order to recognize an oli-
godendroglial tumor infiltration, which often results from 
a biopsy, the double immunostainings for ATRX/Iba-1 
and ATRX/CD68 are mandatory to recognize the occur-
rence of ATRX-positive and Iba-1/CD68-negative tumor 
oligodendroglial nuclei (personal data). ATRX-negative 
nuclei in infiltration areas correspond to normal oligoden-
drocytes that can be revealed by the double immunostain-
ing for ATRX/Iba-1, beside their Cyclin D1 expression. In 
IDH1R132H mutant cases, the double immunostaining for 
ATRX/IDH1R132H unequivocally identifies oligodendroglial 
tumor cells. The coexistence of normal and tumor oligo-
dendrocytes can be demonstrated through the ATRX IHC 
in perineuronal satellitosis: in its initial phases, ATRX-pos-
itive and ATRX-negative nuclei can be found around neu-
rons; in later phases, all nuclei retain ATRX immunoposi-
tivity. Perineuronal satellitosis can be definitely considered 
as due to tumor oligodendrocytes arising from the white 
matter and disposing around neurons rather than to a tumor 
transformation of normal satellites.

The relationship of the ATRX status with the patient 
overall survival or time to treatment failure in astrocytic 
gliomas could not be established due to the low number of 
IDH1/2 mutant cases with retained ATRX expression.

In the last years, molecular genetics greatly contributed 
to refine histopathology confirming to be an essential tool 
for the diagnosis of gliomas [45]. A typical example is the 
almost disappearance of OA practically based on the ATRX 
mutation status.
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