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Abstract
Purpose Papillary glioneuronal tumors (PGNT) have been
recently included as a distinct entity in the WHO classifica-
tion of tumors of the central nervous system. Their molec-
ular pathogenesis is not clear. In the current study, we
present the morphological, immunohistochemical, and mo-
lecular features of four cases of PGNT reported over the past
11 years.
Methods Over a period of 11 years (January 2000–February
2010), there were four cases of PGNT, which were reviewed for
histomorphological features. TP53 and IDH1 mutations were
assessed using antibodies against p53 protein and for mutant
IDH1R132H protein, respectively. Immunohistochemistry was
also performed for epidermal growth factor receptor (EGFR)
protein. Fluorescence in situ hybridization assay was used for
analyzing 1p/19q deletion status.
Results All the tumors showed the characteristic biphasic
morphology. Rare findings included minigemistocyte-like
cells in one, angiomatous areas in three, focal necrosis in
one, and a high MIB-1 labeling index of 12 and 13 %, respec-
tively, in two of the cases. All lacked EGFR, IDH1 expression,
and 1p/19q deletions. Interestingly, antibody for p53 labeled
the tumor cells, mainly those showing glial differentiation, in

two cases. At a mean follow-up of 30 months, there was no
evidence of disease progression except in one case which
recurred after 24 months.
Conclusion PGNT are rare CNS neoplasms. Despite show-
ing focal morphological features reminiscent of oligoden-
droglial tumors and presence of astrocytic component, they
usually lack the common genetic alterations involved in the
pathogenesis of gliomas. Multi-institutional pooling of cases
may aid in elucidating their oncogenetic pathway.
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Introduction

Mixed neuronal–glioneuronal neoplasms are a group of
slow-growing, indolent tumors, usually involving the tem-
poral lobes and presenting with recurrent seizures. This
group includes dysplastic gangliocytoma of the cerebellum,
gangliocytoma, ganglioglioma, anaplastic ganglioglioma,
desmoplastic infantile astrocytoma/ganglioglioma, dysem-
bryoplastic neuroepithelial tumor, central neurocytoma,
extraventricular neurocytoma, cerebellar liponeurocytoma,
rosette-forming glioneuronal tumor of the fourth ventricle,
paraganglioma, and the recently included papillary glio-
neuronal tumor (PGNT) [1]. PGNT was initially considered
a variant of ganglioglioma as per the 2000 WHO classifica-
tion [2]. In the world literature, morphologically similar
tumors have been described as early as 1996 and 1997 and
have been referred to as “pseudopapillary ganglioneurocy-
toma” and “pseudopapillary neurocytoma with glial differ-
entiation,” respectively [3, 4]. Komori et al. were the first to
introduce PGNT as a distinct clinicopathologic entity in
1998, and that was the first and largest series of nine cases
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to date, describing the clinicopathologic features of this
neoplasm [5]. To date, 60 cases of PGNT are reported in
the literature mostly as case reports [6–42].

Molecular analysis of these tumors has been performed in
a limited number of cases [16, 31, 42]. In a previous study,
fluorescent in situ hybridization (FISH) assay performed on
six cases of PGNT did not reveal 1p deletion [16]. Faria et
al., in their genetic study on a single case of PGNT, dem-
onstrated gains and structural alterations involving chromo-
some 7, with a high-level amplification region at 7p14-q12.
No epidermal growth factor receptor (EGFR) amplification
was found [31]. Recently, Myung JK et al. reported on the
molecular analysis of four cases of PGNT and found no
expression of p53, EGFR, and isocitrate dehydrogenase 1
(IDH1); however, PTEN loss and MGMT methylation were
observed in two and three cases, respectively[42].

In the present study, morphological, immunohistochemi-
cal, and molecular features of four cases of PGNT diag-
nosed in our department are presented, along with a brief
review of literature.

Material and methods

All the cases of PGNT diagnosed during a period of 11 years
(2000 to 2010) in the Department of Pathology, All India
Institute of Medical Sciences, one of the largest tertiary-care
centers in India, were retrieved from the archives of the
department. The tumor tissue had been fixed in 10 % neutral
buffered formalin, routinely processed and paraffin embed-
ded. Hematoxylin and eosin (H&E)-stained sections were
reviewed by three independent neuropathologists (SA,
MCS, and CS), and consensus diagnoses were made as per
the 2007 WHO classification [1].

Immunohistochemistry

Immunohistochemical studies were performed on 5-μ-thick
formalin-fixed, paraffin-embedded tumor sections using
antibodies directed against synaptophysin (NeoMarker; di-
lution, 1:100), Neu-N (Chemicon; dil, 1:200), glial fibrillary
acidic protein (GFAP) (Dako Denmark; dil, 1:1,000),
vimentin (Novocastra; dil, 1:100), S-100 (Dako Denmark;
dil, 1:1,500), epithelial membrane antigen(EMA) (Dako
Denmark; dil, 1:100), MIB-1 (Dako Denmark; dil, 1:200),
p53 (DO-1 monoclonal antibody; dil, 1:100; M/s Santa
Cruz, USA), EGFR (Dako Denmark; dil, 1:100), and
IDH1 (Dianova; dil, 1:100). A labeled streptavidin biotin
kit (Universal) was used as a detection system (Dako,
Denmark). Antigen retrieval, when required, was performed
in a microwave oven. The MIB-1 labeling index (LI) was
calculated in the highest proliferating area as the percentage
of labeled nuclei per 1,000 cells.

1p and 19q deletions

Dual-probe FISH assay was performed on paraffin-embedded
sections, with locus-specific probes for 1p36 and 19q13
paired, respectively, with the reference probes for 1q25 and
19p13 (Vysis, Downers Grove, IL). The sections were depar-
affinized by immersing in xylene thrice for 10 min each
followed by two 3-min immersions in 100 % ethanol.
Following rinsing in water, target retrieval was achieved using
citrate buffer, pH 6.0, and boiling in microwave for 20 min.
Sections were digested using 0.04 % pepsin (P-7000; Sigma-
Aldrich, St. Louis, MO) for 30 min at 37 °C. The probe
mixture (10 μl per slide) was then applied, followed by simul-
taneous probe/specimen denaturation at 73 °C for 5 min with
subsequent overnight incubation at 37 °C, performed in a
Thermobrite TM hybridization chamber (Vysis Inc). The sec-
tions were washed the next day in 2× SSC (2 min at 73 °C)
followed by 0.5× SSC (2 min at room temp) and counterstained
with 4,6-diamidino-2-phenylindole (Vysis) and visualized un-
der a fluorescent microscope. Signals were scored in at least
200 non-overlapping, intact nuclei. Sections from non-
neoplastic cortical tissue obtained from epilepsy surgery speci-
mens were used as control. At least 50 % or more nuclei had to
show one signal to be scored as a deletion [42].

Results

Over a period of 11 years, 21,616 intracranial tumors were
diagnosed in the department of pathology, of which four were
PGNT comprising 1.85 % of all intracranial tumors. Case 4
was published earlier and was described in details [27].

Clinical and radiological features

The clinical and radiological details of all the four patients
are shown in Table 1. The patients' age ranged from 4 to
26 years with a mean age of 13 years. There were three
males and one female. All patients presented with symptoms
and signs of raised intracranial tension.

Radiology was available in three cases (Figs. 1 and 2).
Cases 1 and 3 showed solid and cystic tumor while case 4
was completely cystic with a mural nodule. Post-gadolinium
scans revealed enhancement of the cyst wall and of the solid
component.

The patients were subjected to near total excision in cases 1
and 3, and subtotal in case 4, but the extent of resection was
not known in case 2. Follow-up, available in three patients,
showed no evidence of disease progression or metastasis in
two patients at a mean follow-up period of 30months (ranging
from 12 to 48 months), however in one patient tumor recur-
rence was seen after 24months. Even in case 4, the patient had
residual tumor and was stable at 48 months postoperatively.
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Pathological findings

All the cases showed similar features with subtle differences
(Figs. 3, 4, and 5). Two distinct zones of glial and neuronal
differentiation were seen which were better highlighted on
immunohistochemistry (Figs. 3 and 4). Morphologically,

this zonation could be identified on H&E-stained sections
in two of the four cases (cases 1 and 2). Case 1 showed a
predominant papillary pattern characterized by single to
multiple layers of small flattened to cuboidal cells lining
fibrovascular cores. The tumor cells had scant amount of
cytoplasm and small round to oval nuclei having fine dis-
persed chromatin. Most of the fibrovascular cores had blood
vessels with a narrow lumen and markedly thickened,

Table 1 Clinical and radiological details of the cases

Case Age/sex Site Clinical features Radiological details Surgery Follow-up

1 6 years/M Juxtaventricular,
involving both
cerebral hemispheres

Headache and vomiting,
3 months; multiple GTCS,
1 month; altered sensorium,
1 day

Predominantly cystic with small
solid component showing intense
enhancement of the wall and solid
component. No perilesional
edema.

Near total
excision

Recurrence after
24 months, blind
in right eye

2 26 years/F Left frontal NA NA NA NA

3 14 years/M Right parietal 3 episodes of seizures × 1 year
headache on and off × 1 year

Well-marginated mass lesion with
solid and cystic components and
specks of calcification, with
minimal perilesional edema

Near total
excision

NED at 30 months

4 4 years/M Right fronto-parietal Weakness, LUL; LLL,
1 month; headache,
10 days; no seizures

Cystic mass with enhancing walls. Subtotal excision +
radiotherapy

NED at 48 months

F female, GTCS generalized tonic–clonic seizures, LLL left lower limb, LUL left upper limb,Mmale, NA not available, NED no evidence of disease

Fig. 1 Photomicrographs showing radiological features. Axial T1-
weighted (a) and T2-weighted (b) images of case 1 showing a juxta-
ventricular mass involving both cerebral hemispheres and crossing the
splenium of the corpus callosum. The mass is predominantly cystic
with a small solid component. No perilesional edema is seen. Post-
gadolinium axial (c) and coronal (d) T1WI show dense enhancement of
the solid portion and wall of the cystic portion

Fig. 2 Contrast enhanced axial (a) and sagittal (b) T1-weighted
images showing a solid-cystic juxtaventricular mass lesion reaching
the pial surface with minimal perilesional edema (case 3). Axial T2-
weighted image (c) of case 4 showing a predominantly cystic mass in
the right frontal lobe deep to white matter with mild edema. On
contrast administration, the axial T1-weighted image (d) showed subtle
enhancement of cyst wall
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hyalinized walls. In addition, sheets of small cells with clear
cytoplasm, mimicking oligodendroglial cells, were noted in
between the pseudopapillary structures. Within the latter
area, small islands of neuropil were also identified. Focally,
the tumor cells were arranged around a central core of neuro-
pil, forming rosettes. Case 2 showed sheets of non-descript
cells having round to oval nuclei with fine granular chromatin,
inconspicuous nucleoli, and a moderate amount of cytoplasm
with indistinct cell margins. These sheets of cells were inter-
spersed with pale areas, easily discernible even at scanning
magnification. In these pale zones, the cells were more loosely
dispersed and had clear cytoplasm with indistinct borders. In
this case, papillary gliovascular structures were a rare finding
and had to be searched for. Cases 3 and 4 showed predomi-
nantly pseudopapillary structures lined by multiple layers of
cells, and morphologically, no distinction could be made
as to the glial or neuronal nature of the tumor cells.
Case 3 showed an additional interesting feature in the
form of minigemistocyte-like cells lining the hyalinized
blood vessels, as well as in the interpapillary areas.
These cells had moderate amount of dense eosinophilic
cytoplasm with an eccentrically placed nucleus. Ganglioid
cells were not identifiable in any of the four cases.
Prominent secondary changes including evidence of old hem-
orrhage in the form of hemosiderin deposition, fibrin exuda-
tion, and hyalinization of large blood vessels were present in
all four cases. Additionally, there was vascular proliferation
without any evidence of endothelial hyperplasia, resulting in
formation of small “angioma”-like areas in three of the cases.
A rim of foamy macrophages around most of the blood
vessels was seen in case 3. Calcification was noted in case 1
only. Only case 4 showed occasional mitosis. There was focal
necrosis in one case, but endothelial hyperplasia was absent in
all cases.

Immunohistochemically, GFAP labeled the tumor cells lin-
ing the vascular structures in cases 1, 3, and 4. Synaptophysin
and Neu-N were positive in the interpapillary zone in case 1.
In the latter two cases, the outer layers of the cells lining the
vascular cores were synaptophysin positive but negative for
Neu-N. Case 2 was characterized by strong GFAP immunore-
activity in the sheets of tumor cells, but the interspersed pale
zones were negative, which, in contrast, were immuno-
positive for synaptophysin and Neu-N. S-100 was focal-
ly positive in all the cases. All cases were immunonegative
for EMA. The MIB-1 labeling index ranged from 1 to 13 %
(Table 2).

None of the cases was immunopositive for IDH1 and
EGFR. p53 protein expression was observed in three cases
with 25–30 % of cells showing weak to moderate staining.
This immunoreactivity was mainly localized to the glial
component, and only an occasional cell in the neuronal zone
was reactive with the p53 antibody. 1p and 19q deletions
were not found in any case (Table 2).

Fig. 3 Photomicrographs showing tumor cells arranged around hyali-
nized blood vessels forming pseudopapillary structures; at places, there
is multilayering of these cells (case 1) (a and b, H&E, ×100 and 400,
respectively); some papilla are lined by minigemistocytes (case 3) (c,
H&E, ×200); sheets of tumor cells punctuated by islands of loosely
arranged cells having clear cytoplasm (case 2) (d and e, H&E, ×200
each); foamy macrophages around blood vessels in an angiomatous
area are seen (case 3) (f, H&E, ×200)

Fig. 4 Photomicrographs showing tumor cells lining the blood vessels
(case 1) showing immunopositivity for GFAP (a, ×200); GFAP stain-
ing the sheets of glial cells in case 2 with the neuronal cell islands
being immunonegative (b, ×400); synaptophysin and Neu-N positivity
(case 2; c and d, ×400) in the GFAP-negative islands
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Discussion

Papillary glioneuronal tumor is a distinct entity recently
included in the “Neuronal and mixed neuronal-glial” group
of CNS tumors under the 2007 WHO classification [1].
These are slow-growing indolent tumors and involve
patients over a wide age range varying from 4 to 75 years
[41, 42]. A recent review of literature showed no sex predi-
lection, and males and females are affected equally [42].
The mean age of presentation was 23.6 years, and 78.3 % of
patients were younger than 30 years of age [42]. In the
present series, patients' ages ranged from 4 to 26 years, with
a mean age of 13 years. The male predominance and youn-
ger mean age of presentation in the present study could be
attributed to the small number of cases included. The tem-
poral lobe is the most common site of involvement.

Histologically, PGNT showed stereotypic morphology
comprising of a biphasic pattern, showing evidence of both
glial and neuronal differentiation. The proportion of these
two components varies from case to case. The glial
cells usually line vascular structures, forming pseudopa-
pillae, and the neuronal component is present as sheets
of cells distributed in the interpapillary zone. Focal
oligodendroglial-like areas, ganglioid cells, and imma-
ture neurons with accompanying neuropil may also be
identified. Though oligodendroglia-like cells were iden-
tifiable, ganglioid differentiation was not seen in any of
the cases under present study. Case 1 demonstrated the
classical histomorphological features consisting of prom-
inent gliovascular structures along with interpapillary
sheets of cells showing neuronal differentiation on mor-
phology and immunohistochemistry. Case 2 showed
islands of cells with clear cytoplasm interspersed within sheets
of glial cells, with the former group of cells being immuno-
positive for neuronal antigens. Pseudopapillae were only fo-
cally present. Cases 3 and 4 showed predominantly papillary
structures lined by stratified layers of cells, with scanty solid
interpapillary sheets of cells. The inner layer of lining cells
was found to be immunopositive for GFAP and the outer layer
for synaptophysin and Neu-N.

Degenerative changes are commonly seen in these
tumors [5, 13, 14, 20–22]. In the present series, prominent
secondary changes including foamy macrophages, vascular
hyalinization, fibrin exudation, hemosiderin deposition, and
calcification were noted in all the cases. Interestingly, angi-
omatous areas, which have been described in PGNT only
once in the English literature [29], were also found in as
many as three of the cases and thus do not appear to be a
rare phenomenon. The presence of minigemistocytes in
PGNT is a rare finding [16, 22] and found in one case in
the present series. Tanaka et al., in their study of six cases of
PGNT, demonstrated the presence of a third distinct glial
and neuronal marker-negative component, which was

Fig. 5 Vimentin immunopositivity in the GFAP-positive areas and
negativity in the neuronal areas (case 2, a, ×200); Focal positivity for
chromogranin in the neuronal areas (case 2, b, ×400); MIB-1 in case 1
(c, ×400); p53 immunoreactivity more so in the glial cells than in the
neuronal cells in case 2 (d, ×400)

Table 2 Histological details of the cases

Case Calc Angiomatous
area

Oligo Ganglioid
cells

Endo Mitosis Necrosis p53 MIB-1 LI IDH/EGFR/1p and/or
19q deletion

1 + + + − − − − +a 5 % −
8 % in recurred
tumor

2 − + + − − − + +b 13 % −

3 − + + − − − − − <1 % −

4 − − − − − + − − 12 % −

+ present, − absent or negative in the case of immunostains; LI labeling index, Oligo oligodendroglioma-like area, Endo endothelial proliferation
a Positive in 25 % of the cells
b Positive in 22 % of the cells
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immunopositive for Olig2, which is a transcription factor
specific for oligodendrocytes, suggesting oligodendroglial
participation in these tumors. They also found minigemis-
tocytes in three of their cases, distributed in close proximity
to the Olig2-positive cells. However, none of their cases
showed 1p deletion by fluorescence in situ hybridization
assay [16]. In the current series also, 1p/19q deletions were
not found in any of the cases, thereby ruling out the possi-
bility of a role of these molecular alterations in the histo-
genesis of PGNT.

PGNT are indolent tumors (WHO grade I). Most patients
fare well with the longest recurrence-free survival recorded
being 19 years [21]. Morphologically, these tumors usually
lack features suggestive of aggressive behavior. Most cases
show absence of significant mitotic activity, endothelial
proliferation, and necrosis, and have low MIB-1 labeling
indices in the range of 1–2 % [5]. Rare cases with high
proliferative indices, ranging from 10 to 26 %, have been
reported in the literature [22, 26, 27, 30, 34, 37, 42]. In the
current series, three cases (cases 1, 2, and 4) harbored a
raised MIB-1 labeling index of 5, 13, and 12 %, respective-
ly, in the maximum proliferative area. However, at follow-
up, there was evidence of recurrence of disease in case 1
which had low MIB1LI. Interestingly, case 3, which showed
prominent minigemistocytes, both lining the pseudopapillae
as well as focally in the interpapillary zones, had a low
MIB-1 labeling index (<1 %). This is in contrast to the case
reported by Ishizawa et al. [22], in which the increased
labeling index (10 %) was found in the minigemistocytic
component and the aggressive nature of the tumor was
attributed to malignant transformation of a coexisting oligo-
dendroglioma having minigemistocytic component. Tanaka
et al. also reported three such cases of papillary glioneuronal
tumor with a minigemistocytic component, but they did not
mention their proliferative indices [16]. Thus, the presence
of minigemistocytes is a rare finding in these tumors, and
whether it is a determinant of oligodendroglial differentia-
tion and/or aggressive behavior remains to be evaluated.

Histogenesis of this tumor is not exactly known. One
hypothesis is that this tumor appears to originate from
neuroepithelial stem cells with potential for biphenotypic
differentiation. Govindan et al., using confocal microscopy,
demonstrated colocalization of glial and neuronal markers,
along with expression of the stem cell markers Nestin and
CD 133 in these tumors [36]. There are only limited number
of cytogenetic studies on mixed glioneuronal neoplasms,
with gangliogliomas and desmoplastic gangliogliomas be-
ing the most common to be evaluated [43]. Interestingly,
most studies have found recurrent chromosome 7 alterations
in these tumors. Faria C et al., in a single case of PGNT, had
shown gains and structural aberrations involving chromosome
7, with breakpoints at 7p22 by using conventional cytogenet-
ics, FISH, and comparative genomic hybridization. Both glial

and neuronal linked genes (RAC1 and NPXH1) are located in
this region. Using FISH analysis, they further demonstrated
that, unlike primary glioblastomas, EGFR is not amplified in
this tumor [31]. Myung JK et al. demonstrated gains of 2q, 3p,
6p, 7q, 10q, 16q, 19p, and 22q and loss of 1q, 6p, 8p, 9p, 9q,
16q in two cases by comparative genomic hybridization, but
none of them showed EGFR protein expression by immuno-
histochemistry or gene amplification by FISH [42]. A similar
lack of expression of EGFR protein was observed in all cases
under study.

TP53 gene mutations are commonly implicated in the
pathogenesis WHO grade II and III astrocytic tumors, as
well as with secondary glioblastomas, but the role of this
gene in the pathogenesis of PGNT is not known. There are
two studies which included a single case and four cases
respectively of papillary glioneuronal tumor in which p53
protein expression was analyzed by immunohistochemistry
and was found to be negative [7, 42]. TP53 mutations are
not found in the other “neuronal and mixed neuronal-glial
tumors,” except cerebellar liponeurocytoma [44]. In the
present study, two of the PGNT cases showed p53 reactivity
in 20–25 % of the cells. Interestingly, the immunoreactivity
for p53 protein was seen predominantly in the glial compo-
nent, and the cells showing neuronal differentiation were
largely negative. The significance of this is not known, and
mutation analysis is required to establish the exact role of
this gene in the pathogenesis of PGNT.

Recently, mutations involving IDH1 and IDH2 genes have
been found to occur in various glial tumors, including WHO
grade II and III astrocytomas and oligodendrogliomas, as well
as in secondary glioblastomas (WHO grade IV), at a rate
varying from 60 to 80 % [45–49]. Immunohistochemistry
using an antibody against themutant Arg132His IDH1 protein
has been reported to aid in differentiating neoplastic from
reactive conditions [50, 51]. These mutations appear to impart
an improved outcome [45, 47, 52, 53]. Mixed neuronal–
glioneural tumors have not been studied extensively for IDH
mutations. Of the 75 gliomas and 57 non-neoplastic mimick-
ers of gliomas studied by Horbinski et al., IDH1 mutations
were detected in 2 of 12 gangliogliomas [46]. In a study from
our department, none of six cases of extraventricular neuro-
cytoma was found to be positive for mutant IDH1R132H pro-
tein [54]. There are no studies on the role of IDH in PGNT.We
performed immunohistochemistry using an antibody specifi-
cally detecting mutant IDH1R132H protein in four cases of
PGNT, and none of them showed immunopositivity for the
same, implying absence of a role of IDH1 mutations in the
pathogenesis of this group of tumors, unlike in oligodendro-
gliomas and astrocytomas. Similar findings have been
reported recently by Myung LK et al. [42]. However, the
antibody used in the study does not identify rarer mutations
involving IDH1 (R132C and R132G) and IDH2; thus, their
presence cannot be completely ruled out.
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To conclude, though morphologically the features of
PGNT are now well defined, the genetic pathways involved
in their oncogenesis remain ambiguous. This study, using
immunohistochemical techniques, reiterates the lack of the
common “glioma-associated” mutations in this tumor. Due
to their rarity, a multi-institutional pooling of cases is re-
quired for more insight into the pathogenesis of these
tumors.

Conflict of interest The authors declare that they have no conflict of
interest.
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