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Case Report
Adult cerebral high-grade glioneuronal  
tumor with perivascular or pseudopapillary  
growth co-existing with low-grade tumor: a case report
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Abstract: An unusual, small cell-predominant, high-grade glioneuronal tumor in the occipital lobe of a 49-year-old 
man that co-existed with a low-grade tumor is reported. The tumor consisted of two distinct components: the major 
component was a dense proliferation of primitive small cells showing bidirectional neuronal and glial differentiation; 
and the minor component consisted of a proliferation of well-differentiated astrocytes intermingled with mature 
neuronal cells. In the former component, perivascular pseudorosette-like or pseudopapillary growth reminiscent of 
ependymoma or papillary glioneuronal tumor (PGNT), respectively, was prominent, and hypertrophic astrocytic cells 
were located just outside the central blood vessels. Small cells were immunoreactive for Olig2, synaptophysin, and, 
less frequently, for glial fibrillary acidic protein. The low-grade component included Rosenthal fibers, hemosiderin 
deposition, and perivascular lymphocytic infiltration, thus closely resembling ganglioglioma. Cytogenetic studies 
did not demonstrate any mutations or rearrangements of the genes IDH1, IDH2, H3F3A, BRAF, FGFR1, or TERT 
promoter. The tumor recurred and spread along the ventricular surface three years after total removal. The small 
cell-predominant, high-grade component was considered to have evolved from the ganglioglioma-like, low-grade 
component. The histopathologic resemblance of the high-grade component to PGNT was a special feature.
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Introduction

Glioneuronal tumors of the central nervous sys-
tem form a heterogeneous group consisting of 
many different entities that share a common 
feature, i.e., mixed neuronal and glial cell prolif-
eration [1]. Their incidence is relatively low, but 
they show a wide variety of pathologic features, 
as well as biological behavior, and the underly-
ing genetic abnormalities are also diverse. In 
particular, glioneuronal tumors arising in adult-
hood and showing malignant clinical behavior 
are rare and poorly characterized [1, 2]. The 
details of each case are therefore needed, 
instead of hastily assigning them to the existing 
categories.

The clinicopathologic and cytogenetic findings 
of an unusual case of high-grade glioneuronal 
tumor that co-existed with a low-grade tumor in 

the occipital lobe of a middle-aged man are 
reported. Primitive small cells comprising the 
high-grade component showed bidirectional 
neuronal and glial differentiation and formed 
perivascular pseudorosette-like or pseudo- 
papillary structures resembling those seen in 
ependymoma or papillary glioneuronal tumor 
(PGNT), respectively.

Clinical history

The patient was a 49-year-old male office work-
er, who had noticed mild clumsiness of the left 
hand and frequent minor problems while driv-
ing a car in the last month. He had never had 
epileptic seizures. He consulted a physician 
because of headache and dizziness starting 
three days earlier. Head computed tomography 
(CT) showed a mass lesion in the right occipital 
lobe, and he was referred to our hospital.
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On admission, visual disturbance (left homony-
mous hemianopsia) and mild paresis of the left 
upper limb were noted, and CT and magnetic 
resonance imaging (MRI) demonstrated a large 
cystic tumor, measuring 73 × 70 × 63 mm3, 
that involved the right occipital cortex and white 
matter and had a mural nodule-like, solid com-
ponent, measuring 43 mm in diameter, on the 
medial aspect (Figure 1). The solid portion was 
heterogeneously enhanced. Perilesional edema 
was associated with the tumor, causing midline 
shift.

After drainage from the cystic portion, the 
patient underwent partial occipital lobectomy 
(Figure 2A). A pathologic diagnosis of high-
grade glioma was made, and the patient re- 
ceived postoperative chemotherapy (temozolo-
mide and bevacizumab) and radiation therapy 
(60 Gy in 30 fractions over 6 weeks). The pa- 
tient’s postoperative course was uneventful, 
but a small enhancing nodular lesion appeared 
at the operative site 15 months later (Figure 

2B), and he underwent re-operation following 
gamma-knife surgery. Pathologic examination 
of the resected tissue showed delayed radia-
tion necrosis without residual or recurrent tu- 
mor, and chemotherapy was resumed. How- 
ever, multifocal hyperintensity lesions involving 
the lateral ventricular wall appeared on MRI 
four months later (Figure 2C), and left hemipa-
resis, cognitive impairment, and somnolence 
gradually developed. At the time of this writing 
(48 months after the first operation, the patient 
now being 53 years old), the patient is follow- 
ing a slowly downhill course under best sup-
portive care.

Pathological findings

The tumor was intra-axial and located in the 
medial portion of the right occipital lobe, involv-
ing both the cortex and white matter. It was  
predominantly cystic and contained a mural 
nodule-like, solid portion. The solid portion was 
slightly hard and yellow-brown in color, but 

Figure 1. Preoperative head CT (A) and MRI (B-F). A large cystic tumor occupying the medial region of the right 
occipital lobe is seen. A heterogeneously enhanced, mural nodule-like, solid component is located on the medial 
wall of the unilocular cyst. (A: CT, B: T1-weighted image, C: T1-weighted image with contrast enhancement, D: Fluid-
attenuated inversion recovery image, E: T2-weighted image, F: T2-star image).
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necrosis or hemorrhage was not grossly 
apparent.

Histopathology

The tumor consisted of two distinct compo-
nents that were closely admixed with each 
other in some areas. The major component 
consisted of a dense proliferation of primitive, 
small round or short spindle cells having round 
or elliptical nuclei and scant, palely eosinophilic 
and fibrillary cytoplasm (Figure 3A). Tumor cells 
mainly exhibited a perivascular pseudorosette-
like arrangement resembling ependymoma, but 
ependymal rosettes/canals were absent. In 
some areas, pseudopapillary structures remi-
niscent of PGNT were observed (Figure 3B).  
In these areas, small blood vessels were sur-
rounded by a paucicellular fibrillary zone, in 
which hypertrophic astrocytic cells having elon-
gated cytoplasmic processes abutted the vas-
cular walls (Figure 3C). Primitive small cells 
were located outside of the perivascular fibril-
lary zone. The tumor vasculature was well-
developed and exhibited fibrous thickening of 
the walls, but glomeruloid microvascular prolif-
eration was not found. In small areas, tumor 
cells showed a reticular arrangement on the 
palely basophilic, myxoid matrix.

The nuclei of small tumor cells had a moderate 
amount of evenly distributed chromatin and 
small basophilic nucleoli, and, although mitotic 
figures were scattered, the nuclear atypia and 
pleomorphism were mild. In small areas, round 
tumor cells with clear cytoplasm showed a 

pavement arrangement partitioned by delicate 
blood vessels showing a “chicken-wire” feature 
(Figure 3D). Many calcospherites were ob- 
served in these areas. Nuclear palisading was 
also found in a few areas (Figure 3E). Neopla- 
stic small cells showed infiltrative growth and 
invaded the adjacent cerebral cortical tissue. A 
few large foci of ischemic necrosis were found, 
but pseudopalisading of tumor cells was not 
seen around the necrotic foci.

The minor component formed a small nodule 
showing expansive growth against the sur-
rounding non-neoplastic tissue and showed 
features of a low-grade glioneuronal tumor. It 
consisted of diffuse proliferation of astrocytes 
having slightly pleomorphic, vesicular nuclei 
and eosinophilic cytoplasm forming thick or 
slender processes (Figure 4A). Its cell density 
was lower than that of the major component, 
and a small number of neuronal cells showing 
an uneven distribution was scattered (Figure 
4B). A few Rosenthal fibers were found (Figure 
4C). These histopathological features resem-
bled those of ganglioglioma, but large, dysmor-
phic or binucleated neurons having distinct 
Nissl substance were absent. Blood vessels 
often exhibited marked fibro-hyalinous thicken-
ing of the walls, and perivascular deposition of 
hemosiderin (Figure 4D) and lymphocytic infil-
tration (Figure 4E) were also focally seen.

Immunohistochemical findings

Immunohistochemical studies were performed 
using an automated immunostainer (Leica 

Figure 2. Postoperative MRI (contrast-enhanced T1-weighted images). A. The postoperative partial defect in the 
right occipital lobe is seen. B. Fifteen months after the operation, a small, enhancing nodular lesion has appeared 
at the operation site. C. Three and a half years after the operation, multiple, small enhancing lesions have emerged 
on the lateral ventricular wall.
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Figure 3. Histopathologic findings of the high-grade component of the tumor (hematoxylin-eosin stain). A. Small 
round or short spindle cells show dense proliferation around small blood vessels, forming perivascular pseudoro-
sette-like structures (×100). B. Pseudopapillary structures formed by the dehiscence of tumor cells are occasionally 
observed. Blood vessels show mild mural thickening (×200). C. Tumor cells show astrocytic differentiation in the 
perivascular paucicellular zone (×200). D. In some areas, compact proliferation of round cells with clear cytoplasm 
is partitioned by delicate blood vessels, producing an oligodendroglioma-like appearance (×200). E. Nuclear pali-
sading is found in small areas (×200). Scale bars: 100 μm.

Bond-Max, Leica Biosystems, Wetzlar, Ger- 
many). Monoclonal or polyclonal primary anti-
bodies against the following substances were 
used: glial fibrillary acidic protein (GFAP) (mouse 
monoclonal, clone EP672Y, Roche Diagnostics, 
Rotkreutz, Switzerland, prediluted), nestin (rab-
bit polyclonal, Immune-Biological Laboratories 
(IBL), Takasaki, Japan, 1:100), oligodendrocyte 
transcription factor 2 (Olig2) (rabbit polyclonal, 
IBL, 1:200), neuronal nuclear antigen (NeuN) 
(rabbit polyclonal, Abcam Inc., Cambridge, MA, 
USA, 1:500), S-100 protein (rabbit polyclonal, 
Leica Biosystems, 1:500), alpha-thalassemia/
mental retardation syndrome X-linked protein 
(ATRX) (rabbit polyclonal, Sigma Aldrich, St 
Louis, MO, USA, 1:500), epithelial membra- 
ne antigen (EMA) (mouse monoclonal, clone 
M0613, Dako, Glostrup, Denmark, 1:400), syn-
aptophysin (mouse monoclonal, clone 27G12, 
Leica Biosystems, 1:200), chromogranin A 
(mouse monoclonal, clone 5H7, Leica Biosy- 
stems, 1:400), CD34 (mouse monoclonal, cl- 

one QBEnd/10, Leica Biosystems, 1:400),  
p53 (mouse monoclonal, clone DO-7, Leica 
Biosystems, 1:400), isocitrate dehydrogenase 
1 (IDH1)-R132H (mouse monoclonal, clone 
H09, Dianova GmbH, Hamburg, Germany, 
1:100), histone 3 (H3)-K27M (mouse monoclo-
nal, clone ABE419, EMD Millipore, Billerica, MA, 
USA, 1:1,000), trimethylation at lysine 27 of  
H3 (H3K27me3) (mouse monoclonal, clone 
C15410195, Diagenode, Seraing, Belgium, 
1:1,250), and Ki-67 (mouse monoclonal, clone 
MIB-1, Dako, 1:100).

In the small cell-predominant component, al- 
though small tumor cells uniformly exhibited 
immunoreactivity for Olig2 (Figure 5A), only a 
small number of them were immunoreactive for 
GFAP (Figure 5B). Most small cells were immu-
noreactive for synaptophysin (Figure 5C), but 
not for nestin or NeuN. Hypertrophic astrocytic 
cells abutting blood vessels were immunoreac-
tive for GFAP, S-100 protein, and nestin (Figure 
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5D) but not for Olig2. In the low-grade glioneu-
ronal component, some hypertrophic astro-
cytes were strongly immunoreactive for nestin 
(Figure 5E), and neuronal cells were positive  
for NeuN (Figure 5F), although the NeuN-im- 
munoreactivity was less intense than that of 
normal cortical neurons, suggesting that these 
neurons were not entrapped, but neoplastic  
[1]. A meshwork of synaptophysin-positive fine 
fibrils was observed in the background, and  
the surface of some large neurons was deco-
rated by synaptophysin-positive, coarse gran-
ules (Figure 5G). Finely arborizing, dendritic 
cytoplasmic processes (“ramified cells”) [1] 
were focally observed with CD34-immuno- 
staining (Figure 5H). Throughout the whole 
tumor, no cells immunoreactive for EMA, chro-
mogranin A, IDH1-R132H, or H3-K27M were 
found, and H3K27me3 was wild type. The 
nuclear expression of ATRX was retained, and 
p53 showed a wild-type staining pattern. The 
Ki-67 labeling indices were 23.9% and 7.6% in 
the high-grade component and low-grade com-
ponent, respectively.

Molecular genetic findings

For the cytogenetic studies, genomic DNA was 
extracted from formalin-fixed, paraffin-embed-
ded tumor tissue. The extracted DNA was 
amplified by polymerase chain reaction (PCR) 
and sequenced using the primer sets for 
IDH1/2, H3F3A, BRAF, FGFR1, and the TERT 
promoter. PCR products were sequenced  
using a SeqStudio Genetic Analyzer (Applied 
Biosystems, Foster City, CA, USA) with a Big  
Dye Terminator v.1.1 Cycle Sequencing Kit 
(Applied Biosystems) in accordance with stan-
dard procedures. No mutations or rearrange-
ments were observed in the above-mentioned 
genes, and the hot spots of these genes were 
wild type.

Targeted next-generation sequencing using an 
Ampliseq Cancer Hotspot Panel version 2 (Life 
Technologies, Grand Island, NY, USA) was then 
performed. The high-grade and low-grade com-
ponents were examined separately. Although 

Figure 4. Histopathologic findings of the low-grade glioneuronal component (hematoxylin-eosin stain). (A) Well-dif-
ferentiated astrocytes having eccentric nuclei and abundant, eosinophilic cytoplasm show diffuse growth (×200). 
(B) Few neuronal cells showing an irregular distribution (arrows) are found in the neuropil-like matrix (×200). (C) A 
few Rosenthal fibers are observed (arrows) (×400). (D) Perivascular hemosiderin deposition (×200) and (E) lympho-
cytic infiltration are seen (×200). Scale bars: 100 μm (A, B, D, E) and 50 μm (C).
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Figure 5. Immunohistochemical findings. (A) In the high-grade component, 
small tumor cells uniformly show nuclear immunoreactivity for Olig2 (×200). 
(B) Perivascular hypertrophic astrocytic cells and a few small tumor cells are 
immunoreactive for GFAP (×200). (C) The majority of small tumor cells are 
immunoreactive for synaptophysin (×400). (D) Hypertrophic astrocytic cells 
abutting blood vessels are clearly depicted with immunostaining for nes-
tin (×200). (E) In the low-grade component, neoplastic astrocytes show in-
tense immunoreactivity for nestin (×200). (F) Neuronal cells, some of which 
show abnormal clustering (encircled), are weakly immunoreactive for NeuN 
(×200). (G) The surface of some large neurons is decorated by synaptophy-
sin-positive, coarse granules. Mesh-like, finely fibrillary immunoreactivity is 
found on the background (×400). (H) CD34-immunoreactive, dendritic cyto-
plasmic processes are focally observed (×200). Scale bars: 100 μm (A, B, 
D-F, H) and 50 μm (C, G).

point mutations involving a few genes were 
detected in each component, they were inter-
preted as false-positive results and could not 
be considered significant, because the quality 
of the examined materials was, unfortunately, 
suboptimal, and only a small number of cells 
could be analyzed.

Discussion

The cerebral tumor in the 
present patient consisted of 
two distinct components: a 
high-grade component con-
sisting predominantly of pri- 
mitive small cells that show- 
ed bidirectional neuronal and 
glial differentiation; and a  
low-grade, mixed glioneuronal 
component. In the former, 
which was predominant in 
amount, a pseudorosette-like 
arrangement with a perivas- 
cular paucicellular zone sug-
gested ependymal differentia-
tion, but true ependymal ro- 
settes/canals were not obser- 
ved, and tumor cells were 
completely negative for EMA. 
On the other hand, althou- 
gh the low-grade component 
showed features resembling 
low-grade diffuse astrocyto-
ma, this was ruled out by the 
cytogenetic studies (no muta-
tions in the IDH1 or IDH2 
genes) and also by the pres-
ence of a small number of 
neoplastic neuronal cells. The 
most reasonable interpreta-
tion is that the small cell-pre-
dominant, high-grade compo-
nent evolved secondarily from 
a low-grade glioneuronal tu- 
mor (precursor lesion) and 
overgrew the latter.

The low-grade glioneuronal 
component resembled gangli-
oglioma in its histopathologic 
appearance. Ganglioglioma is 
a prototypic glioneuronal tu- 
mor arising mostly in the tem-
poral lobe of young adults and 
contains neoplastic neuronal 

cells showing a dysmorphic appearance [1, 
3-7]. The presence of a large cyst within the 
tumor is common, and degenerative features 
such as Rosenthal fibers or eosinophilic granu-
lar bodies are frequently observed [1, 3, 4, 6, 
7]. The present case shared these findings. 
Furthermore, the surface of some large neuro-
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nal cells was decorated by synaptophysin-posi-
tive, coarse granules [8], and finely arborizing, 
dendritic cytoplasmic processes immunoreac-
tive for CD34, a stem cell marker transiently 
expressed during early neurulation and also in 
ganglioglioma [1, 5, 9], were noted. These find-
ings suggest that the low-grade component in 
the present case was closely akin to ganglio- 
glioma.

However, the present tumor also differed from 
ganglioglioma in several clinical and pathologic 
aspects: the patient was middle-aged, there 
was no clinical history of epileptic seizures, and 
the occipital lobe is a rare site for the occur-
rence of ganglioglioma [1]. Dysmorphic and 
chromogranin A-positive ganglion cells [1, 4] 
were not observed, and BRAF mutation, a 
genetic abnormality frequently seen in gan- 
glioglioma [1, 7, 10], was absent.

Anaplastic transformation of low-grade glion- 
euronal tumors occurs either primarily (de 
novo) or, rarely, as a secondary phenomenon 
mostly after radiation therapy [4, 7, 11-13]. 
However, the diagnostic criteria for anaplasia  
in these glioneuronal tumors remain controver-
sial [1, 5]. Anaplastic transformation usually 
occurs in the glial component [1, 4, 5, 7, 12]. 
Lucas et al. reported cases of the divergent 
evolution of the pleomorphic xanthoastrocyto-
ma (PXA) and ganglioglioma components from 
a common BRAF p.V600E-mutant precursor 
lesion and suggested the possibility that some 
PXAs may represent tumors that transformed 
from a ganglioglioma precursor lesion [14]. On 
the other hand, rare cases in which the ana-
plastic transformation involved the neuronal 
component [13, 15] or both neuronal and glial 
components [11, 16, 17] have been docu- 
mented.

In the present case, the majority of small cells 
in the high-grade component were immunore-
active for both Olig2 and synaptophysin. These 
cells did not express NeuN and were con- 
sidered primitive or immature neuronal cells. 
Olig2-positive, small round cells are frequently 
observed in various glioneuronal tumors and, 
although they have heterogeneous characteris-
tics, they express both neuronal and glial phe-
notypes [18]. There are several reports of ana-
plastic ganglioglioma showing small cell-pre- 
dominant histopathologic features [13, 15, 19, 

20]. On the other hand, hyperplastic astrocytic 
cells in the perivascular region showed expres-
sion of nestin, the primitive neural cytoskeletal 
protein that is expressed in ganglioglioma [21, 
22]. Kawataki et al. reported a case of de novo 
anaplastic ganglioglioma and suggested that 
the tumor originated from neural stem cells 
expressing nestin [17]. In their case, tumor  
dissemination occurred through cerebrospinal 
fluid (CSF). In the present case as well, astro-
cytic tumor cells expressed nestin, and multiple 
periventricular lesions probably formed by CSF 
dissemination developed after the operation.

One of the intriguing aspects of the present 
case was the formation of prominent perivascu-
lar pseudorosette-like or pseudopapillary struc-
tures in the small cell-predominant, high-grade 
component. Well-differentiated astrocytic cells 
covered the vascular wall, and the primitive 
small cells were located outside of them. 
Similar structures are seldom seen in ganglio-
glioma [23] or other glioneuronal tumors except 
PGNT. PGNT is a rare type of low-grade glioneu-
ronal tumor preferentially arising in the cere-
brum of adolescents or young adults [1, 24, 
25]. It is characterized by a prominent pseudo-
papillary architecture with hyalinized blood ves-
sels surrounded by astrocytes, associated with 
sheets of neurocytes mingled with ganglion 
cells within the interpapillary area [1, 24, 25].  
A fusion between SLC44A1 and PRKCA genes 
is a specific genetic abnormality of this tumor 
[26]. Tanaka et al. demonstrated that oligoden-
drocyte-like small cells in PGNT were immuno-
reactive for Olig2 and perivascular astrocytic 
cells were immunolabeled for nestin [25]. The 
neuroepithelial stem cell origin of PGNT has 
been proposed on the basis of the co-expres-
sion of GFAP, synaptophysin, and CD133 in 
neoplastic cells [27], and PGNT can exhibit 
atypical morphology that occasionally resem-
bles ganglioglioma [1]. A rare case of ganglio-
glioma having PRKAR2B-BRAF fusion that was 
recently reported by Oon et al. [23] contained a 
component featuring PGNT-like pseudopapil-
lary structures in addition to a typical ganglio-
gliomatous component. However, in that case, 
a small cell-predominant, high-grade compo-
nent as seen in the present case was absent. 
Although the histopathological resemblance 
between the present case and PGNT may be 
only superficial, rare examples of the occur-
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rence of PGNT in middle-aged adults [1], atypi-
cal or frankly anaplastic PGNT [28, 29], and 
recurrent PGNT presenting as a ganglioglioma 
[30, 31], have been reported. The relationship 
between ganglioglioma and PGNT therefore 
needs to be further investigated. The origin and 
pathogenesis of ganglioglioma or other kinds of 
supratentorial glioneuronal tumors are not cer-
tain, but they most likely originate from multi-
potent stem cells residing in several regions of 
the cerebrum, including the subventricular 
zone and subcortical white matter [2, 22]. 
These cells can differentiate along neuronal 
and glial lineages and express CD34 [5, 9] and 
nestin [22].

In conclusion, the present case cannot be ade-
quately categorized by the current classifica-
tion of glioneuronal neoplasms, but the low-
grade glioneuronal component suggests a 
close relationship to ganglioglioma. The pseu-
dopapillary architecture with perivascular small 
cells and hypertrophic astrocytic cells in the 
high-grade component is a unique feature and 
may suggest a possible relationship with PGNT.

Acknowledgements

The authors would like to express their grati-
tude to Prof. Kyoko Itoh, Department of Path- 
ology and Applied Neurobiology, Kyoto Pre- 
fectural University of Medicine, Graduate Sch- 
ool of Medical Science, for performing the 
immunostaining for Olig2, NeuN, and nestin. 
The authors thank FORTE Science Communi- 
cations (https://www.forte-science.co.jp/) for 
English language editing.

Written informed consent to use both clinical 
data and pathologic material was obtained 
from the patient and the next of kin.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Masayuki Shintaku, 
Department of Pathology, Kansai Medical Univer- 
sity, 2-5-1 Shin-machi, Hirakata, Osaka 573-1010, 
Japan. Tel: 072-804-0101; Fax: 072-804-2861; 
E-mail: neo-masa@dream.jp

References

[1] WHO Classification of Tumours Editorial Board. 
Central Nervous System Tumours. Internation-

al Agency for Research on Cancer. 5th edition. 
Lyon, France: 2021.

[2] Rodriguez FJ, Scheithauer BW and Port JD. Un-
usual malignant glioneuronal tumors of the 
cerebrum of adults: a clinicopathologic study 
of three cases. Acta Neuropathol 2006; 112: 
727-737.

[3] Wolf HK, Müller MB, Spänle M, Zentner J, Sch-
ramm J and Wiestler OD. Ganglioglioma: a de-
tailed histopathological and immunohistoche- 
mical analysis of 61 cases. Acta Neuropathol 
1994; 88: 166-173.

[4] Hirose T, Scheithauer BW, Lopes MB, Gerber 
HA, Altermatt HJ and VandenBerg SR. Ganglio-
glioma: an ultrastructural and immunohisto-
chemical study. Cancer 1997; 79: 989-1003.

[5] Blümcke I and Wiestler OD. Gangliogliomas: an 
intriguing tumor entity associated with focal 
epilepsies. J Neuropathol Exp Neurol 2002; 
61: 575-584.

[6] Luyken C, Blümcke I, Fimmers R, Urbach H, Wi-
estler OD and Schramm J. Supratentorial gan-
gliogliomas: histopathologic grading and tumor 
recurrence in 184 patients with a median fol-
low-up of 8 years. Cancer 2004; 101: 146-
155.

[7] Zanello M, Pages M, Tauziède-Espariat A, Saf-
froy R, Puget S, Lacroix L, Dezamis E, Devaux 
B, Chrétien F, Andreiuolo F, Sainte-Rose C, Zer-
ah M, Dhermain F, Dumont S, Louvel G, Meder 
JF, Grill J, Dufour C, Pallud J and Varlet P. Clini-
cal, imaging, histopathological and molecular 
characterization of anaplastic ganglioglioma. J 
Neuropathol Exp Neurol 2016; 75: 971-980.

[8] Miller DC, Koslow M, Budzilovich GN and Burst-
ein DE. Synaptophysin: a sensitive and specific 
marker for ganglion cells in central nervous 
system neoplasms. Hum Pathol 1990; 21: 93-
98.

[9] Blümcke I, Giencke K, Wardelmann E, Beyen-
burg S, Kral T, Sarioglu N, Pietsch T, Wolf HK, 
Schramm J, Elger CE and Wiestler OD. The 
CD34 epitope is expressed in neoplastic and 
malformative lesions associated with chronic, 
focal epilepsies. Acta Neuropathol 1999; 97: 
481-490.

[10] Koelsche C, Wöhrer A, Jeibmann A, Schitten-
helm J, Schindler G, Preusser M, Lasitschka F, 
von Deimling A and Capper D. Mutant BRAF 
V600E protein in ganglioglioma is predomi-
nantly expressed by neuronal tumor cells. Acta 
Neuropathol 2013; 125: 891-900.

[11] Jay V, Squire J, Becker LE and Humphreys R. 
Malignant transformation in a ganglioglioma 
with anaplastic neuronal and astrocytic com-
ponents. Report of a case with flow cytometric 
and cytogenetic analysis. Cancer 1994; 73: 
2862-2868.

[12] Rumana CS and Valadka AB. Radiation therapy 
and malignant degeneration of benign supra-

mailto:neo-masa@dream.jp


Cerebral high-grade glioneuronal tumor

302 Int J Clin Exp Pathol 2023;16(10):294-302

tentorial gangliogliomas. Neurosurgery 1998; 
42: 1038-1043.

[13] Tarnaris A, O’Brien C and Redfern RM. Ganglio-
glioma with anaplastic recurrence of the neu-
ronal element following radiotherapy. Clin Neu-
rol Neurosurg 2006; 108: 761-767.

[14] Lucas CG, Davidson CJ, Alashari M, Putnam 
AR, Whipple NS, Bruggers CS, Mendez JS, 
Cheshier SH, Walker JB, Ramani B, Cadwell 
CR, Sullivan DV, Lu R, Mirchia K, Van Ziffle J, 
Devine P, Goldschmidt E, Hervey-Jumper SL, 
Gupta N, Oberheim Bush NA, Raleigh DR, Bol-
len A, Tihan T, Pekmezci M, Solomon DA, Phil-
lips JJ and Perry A. Targeted next-generation 
sequencing reveals divergent clonal evolution 
in components of composite pleomorphic xan-
thoastrocytoma-ganglioglioma. J Neuropathol 
Exp Neurol 2022; 81: 650-657.

[15] David KM, De Sanctis S, Lewis PD, Noury AM 
and Edwards JM. Neuroblastomatous recur-
rence of ganglioglioma. Case report. J Neuro-
surg 2000; 93: 698-700.

[16] Mittelbronn M, Schittenhelm J, Lemke D, Ritz 
R, Nägele T, Weller M, Meyermann R and Be-
schorner R. Low grade ganglioglioma rapidly 
progressing to a WHO grade IV tumor showing 
malignant transformation in both astroglial 
and neuronal cell components. Neuropatholo-
gy 2007; 27: 463-467.

[17] Kawataki T, Sato E, Sato T and Kinouchi H. An-
aplastic ganglioglioma with malignant features 
in both neuronal and glial components. Case 
report. Neurol Med Chir (Tokyo) 2010; 50: 
228-231.

[18] Matsumura N, Yokoo H, Mao Y, Yin W and Na-
kazato Y. Olig2-positive cells in glioneuronal 
tumors show both glial and neuronal charac-
ters: the implication of a common progenitor 
cell? Neuropathology 2013; 33: 246-255.

[19] Sasaki A, Hirato J, Nakazato Y, Tamura M and 
Kadowaki H. Recurrent anaplastic ganglioglio-
ma: pathological characterization of tumor 
cells. Case report. J Neurosurg 1996; 84: 
1055-1059.

[20] Shittenhelm J, Reifenberger G, Ritz R, Nägele 
T, Weller M, Pantazis G, Capper D, Beschorner 
R, Meyermann R and Mittelbronn M. Primary 
anaplastic ganglioglioma with a small-cell glio-
blastoma component. Clin Neuropathol 2008; 
27: 91-95.

[21] Tohyama T, Lee VM, Rorke LB, Marvin M, McK-
ay RD and Trojanowski JQ. Nestin expression in 
embryonic human neuroepithelium and in hu-
man neuroepithelial tumor cells. Lab Invest 
1992; 66: 303-313.

[22] Duggal N and Hammond RR. Nestin expres-
sion in ganglioglioma. Exp Neurol 2002; 174: 
89-95.

[23] Oon ML, Low SYY, Kuick CH, Goh JY, Chang 
KTE, McLendon RE and Tan CL. An unusual 
ganglioglioma with pseudopapillary features 
and PRKAR2B-BRAF fusion. J Neuropathol Exp 
Neurol 2021; 80: 1000-1003.

[24] Komori T, Scheithauer BW, Anthony DC, Rosen-
blum MK, McLendon RE, Scott RM, Okazaki H 
and Kobayashi M. Papillary glioneuronal tu-
mor: a new variant of mixed neuronal-glial neo-
plasm. Am J Surg Pathol 1998; 22: 1171-
1183.

[25] Tanaka Y, Yokoo H, Komori T, Makita Y, Ishiza-
wa T, Hirose T, Ebato M, Shibahara J, Tsukaya-
ma C, Shibuya M and Nakazato Y. A distinct 
pattern of Olig2-positive cellular distribution in 
papillary glioneuronal tumors: a manifestation 
of the oligodendroglial phenotype? Acta Neuro-
pathol 2005; 110: 39-47.

[26] Bridge JA, Liu XQ, Sumegi J, Nelson M, Reyes C, 
Bruch LA, Rosenblum M, Puccioni MJ, Bowdino 
BS and McComb RD. Identification of a novel, 
recurrent SLC44A1-PRKCA fusion in papillary 
glioneuronal tumor. Brain Pathol 2013; 23: 
121-128.

[27] Govindan A, Mahadevan A, Bhat DI, Arivazha-
gan A, Chakraborti S, Suja MS, Phalguni AA, 
Sampath S, Chandramouli BA and Shankar 
SK. Papillary glioneuronal tumor-evidence of 
stem cell origin with biphenotypic differentia-
tion. J Neurooncol 2009; 95: 71-80.

[28] Newton HB, Dalton J, Ray-Chaudhury A, Gah-
bauer R and McGregor J. Aggressive papillary 
glioneuronal tumor: case report and literature 
review. Clin Neuropathol 2008; 27: 317-324.

[29] Bourekas EC, Bell SD, Ladwig NR, Gandhe AR, 
Shilo K, McGregor JM, Lehman NL and Newton 
HB. Anaplastic papillary glioneuronal tumor 
with extraneural metastases. J Neuropathol 
Exp Neurol 2014; 73: 474-476.

[30] Momota H, Fujii M, Tatematsu A, Shimoyama Y, 
Tsujiuchi T, Ohno M, Natsume A and Waka-
bayashi T. Papillary glioneuronal tumor with a 
high proliferative component and minigemisto-
cytes in a child. Neuropathology 2014; 34: 
484-490.

[31] Momota H and Shimoyama Y. Recurrent papil-
lary glioneuronal tumor presenting as a gan-
glioglioma with the BRAF V600E mutation. 
Neuropathology 2015; 35: 603-605.


