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Mixed neuronal-glial tumor in the temporal lobe
of an infant: a case report
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Abstract

Background: Tumors that arise in the temporal lobes of infants and spread to the neural system are limited to
several diagnoses. Herein, we present an infantile case of a temporal tumor showing neuronal and glial
differentiation.

Case presentation: The patient was a 9-month-old boy with low body weight due to intrauterine growth
retardation. At 9 months after birth, he presented partial seizures. Computed tomography scanning revealed a mass
(35 * 40 mm) in the left temporal lobe. Isointensity was noted on magnetic resonance T1-weighted images and
fluid attenuation inversion recovery images. The tumor was heterogeneously enhanced with gadolinium. Positron
emission tomography showed high methionine uptake in the tumor. During surgery, the tumor, which was elastic
and soft and bled easily, was gross totally resected. A moderately clear boundary was noted between the tumor
and normal brain parenchyma. Histologically, the tumor mainly comprised a ganglioglioma-like portion and short
spindle cells at different densities. The former was immunohistochemically positive for some kinds of neuronal
markers including synaptophysin. The spindle cells were positive for glial fibrillary acidic protein, but desmoplasia
was not observed.

Discussion: The tumor contained both neuronal and glial elements; the former were the main constituents of the
tumor and included several ganglion-like cells. Because neuronal elements gradually transited to glial cells, a mixed
neuronal-glial tumor was diagnosed.

Virtual Slides: The virtual slide(s) for this article can be found here: http://www.diagnosticpathology.diagnomx.eu/
vs/2045126100982604
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Background
Tumors that arise in the temporal lobes of infants and
spread to the neural system include desmoplastic infant-
ile ganglioglioma (DIG), pleomorphic xanthoastrocytoma
(PXA), neuroblastoma (NB), and extraventricular neurocy-
toma (EVN). Herein, we present a case of a temporal tumor
that spread to the neural system and discuss the tumor
diagnosis in light of the clinical course, radiological findings,
and histopathological findings.
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Case presentation
The patient was a 9-month-old boy who was born at
36 weeks 5 days of gestation with low body weight (2170 g)
due to intrauterine growth retardation. At 9 months after
birth, the patient was admitted to the hospital because
of partial seizures. Upon admission, the patient’s level of
consciousness was clear, and he had no neurological
deficits. Computed tomography (CT) scanning revealed
a mass lesion (35 × 40 mm) with calcification in the left
temporal lobe (Figure 1a). Isointensity was noted on
magnetic resonance (MR) T1-weighted images (WI),
T2WI, and fluid attenuation inversion recovery images
(Figure 1b). The tumor was heterogeneously enhanced
with gadolinium (Gd) (Figure 1c). Cystic components were
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Figure 1 Radiological imagings at admission. (a) Computed tomography scan showing a calcified lesion in the right temporal lobe. Magnetic
resonance imaging scans (b): T1 plain-weighted image, (c): Gadolinium-diethylenetriamine pentaacetic acid [Gd-DTPA]-enhanced images)
showing a mass in the left temporal lobe. The mass was heterogeneously enhanced with Gd-DTPA. (d) Positron emission tomography showing
high uptake of methionine in the lesion.
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not observed. MR spectroscopy showed increased choline
and lactate levels and decreased N-acetylaspartate levels
in the region of interest. Positron emission tomography
showed high methionine uptake in the tumor (Figure 1d).
These findings suggested that the tumor had high cellularity
with malignant alterations. Hence, a primitive neuroecto-
dermal tumor was diagnosed. The patient underwent left
temporal craniotomy, wherein the tumor was dissected and
resected via the superior temporal sulcus. The tumor was
gray in color and elastic-hard in texture; a moderately clear
boundary was noted between the tumor and the normal
brain parenchyma. The left inferior horn was opened by
resection of the subependymal invasive tumor, which was
elastic and soft and bled easily. The tumor was gross-totally
resected. The patient’s postoperative course was generally
good, but the convulsions persisted; hence, anticonvulsant
therapy was continued. Two years after the surgery, the
tumor showed no recurrence and the patient has been
experiencing partial seizures monthly.
Pathological examination
Formalin-fixed, paraffin-embedded tissue sections were
examined via hematoxylin-eosin staining and immuno-
histochemistry. The primary antibodies and dilutions
in buffer were as follows: mouse monoclonal anti-
synaptophysin (Syn) antibody (1:50; Millipore), monoclonal
anti-neurofilament protein (NFP) antibody (1:150; Dako),
monoclonal anti-neuronal nuclear antigen (NeuN) antibody
(1:100; Millipore), mouse monoclonal anti-tubulin, βIII
isoform (TuJ1) antibody (1:200; Millipore), mouse mono-
clonal anti-glial fibrillary acidic protein (GFAP) antibody
(1:500; Dako), rabbit polyclonal anti-olig 2 antibody (1:100;
IBL), mouse monoclonal anti-isocitrate dehydrogenase
(IDH)1 R132H antibody (1:20; Dianova), and monoclonal
anti-Ki-67/MIB-1 antibody (1:50; Dako). For all antibodies,
antigen retrieval was performed by autoclaving (121°C,
15 min). An Envision kit (Dako) provided secondary
antibodies conjugated to dextran polymer and hydrogen
peroxidase, and 3,3-diaminobenzidine was used as the
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chromogen. Silver impregnation was performed according
to a previously described method of silver staining [1].

Pathological findings
The tumor mainly comprised a ganglioglioma-like
portion and short spindle cells in different densities
(Figure 2a, b). The ganglioglioma-like cells had large oval
nuclei (Figure 2b). The ganglion-like cells were strongly
immunohistochemically positive for Syn (Figure 2c), NeuN
(Figure 2d), TuJ1 (Figure 2e) and NF (Figure 2f). These large
cells partly proliferated in clusters (Figure 2b). Between
Figure 2 Photomicrographs of hematoxylin-eosin staining and immun
nuclei mimicking ganglioglioma (arrow) and eosinophilic spindle cells with
nuclei have marked nucleolar (arrow). These lesions were diffusely and stro
The cells stained positively for (e) tubulin, βIII isoform and (f) neurofilamen
for GFAP. (h) Silver impregnation staining revealed no desmoplasia. (a-g: ×
these clusters of ganglion like cells, we found large
numbers of spindle cells with moderately small nuclei,
which were strongly positive for GFAP (Figure 2g). The
tumor also contained a small oligodendroglioma-like
lesion with a honeycomb appearance (Figure 3a). These
lesions were positive for GFAP (Figure 3b) and olig 2
staining, but negative for IDH1 R132H. The MIB-1 labeling
index was 5% in the area anchored by a large number of
ganglioglioma-like cells; in contrast, the index was 2% in
the area anchored by a large number of short spindle cells.
Desmoplastic components were not observed by silver
ohistochemistry. (a,b) Several cells with moderately large oval clear
small dark nucleus (arrowhead) were also observed. The large oval
ngly positive for (c) synaptophysin and (d) neuronal nuclear antigen.
t in a spotty pattern. (g) On the other hand, spindle cells were positive
400; h: ×100).



Figure 3 Neurocytoma-like and neuroblastoma-like lesions. (a) Hematoxylin-eosin (HE) staining showed an oligodendroglioma-like halo in
the limited region. (b) The lesion corresponding to figure (a) was diffusely positive for glial fibrillary acidic protein. (c) HE staining showed tumor
cells arranged in parallel rows. (d) The lesion corresponding to figure (c) was strongly positive for tubulin, βIII isoform in a parallel fashion.
(a-c: ×400; d: ×200).
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impregnation staining (Figure 2h). The tumor included
an area that mimicked a primitive polar spongioblastoma
pattern (Figure 3c), in which TuJ1 staining (Figure 3d) was
strongly positive in a ladder-like fashion.
Electron microscopic (EM) analysis revealed 2 types of

tumor cells, round or polygonal cells with round nuclei
and moderately clear cytoplasm and spindle cells with
irregular nuclei and dark cytoplasm (Figure 4a, b).
Abundant rough-surfaced endoplasmic reticulum and free
ribosomes were observed as characteristic structures of
the neuron (Figure 4c). A lot of intermediate filaments
were easily observed in the spindle cells (Figure 4d). These
findings suggested that the former type of tumor cells
were neuron-like cells and the latter were astrocytic cells.
In summary, the tumor contained both neuronal and glial

elements. The neuronal elements were the main constitu-
ents of this tumor and included several ganglion-like cells
of different shapes. Because neuronal elements gradually
transited to glial cells, a mixed neuronal-glial tumor was
diagnosed.

Discussion
The tumor in the present case was considered to have
both neuronal and glial elements, according to the results
of immunohistochemical and EM analyses. Especially,
neuronal differentiation was observed primarily as
presented in the immunohistochemistry for some kinds of
neuronal markers. DIG, PXA, NB and EVN are possible
diagnoses for a tumor with both neural and glial
differentiation.
DIGs are rare primary neoplasms that account for

0.5–1.0% of all intracranial tumors [2]. DIG is a desmo-
plastic supratentorial neuroepithelial tumor that develops
in patients whose ages range from 2 months to 59 years
and occurs slightly more often in male individuals [3-6].
The large majority of these patients present with DIG
within the first year of life [2]. Most patients with DIG
present with new onset seizures [2,5,6], with or without
focal neurological signs such as hemiparesis. Increased
intracranial pressure and lethargy might be the only
findings [7]. CT scans and MR images show large cystic
tumors with enhancing solid components [6-9]. The
frontal and temporal lobes are the most common sites
of occurrence [2,6,7], wherein the tumor usually abuts the
meningeal surface [10] and attaches to the dura. The tu-
mors are firm and avascular with a dense desmoplastic
component. There is no connection to the ventricular
system. Microscopically, DIG shows evidence of glial
and ganglionic differentiation, accompanied by an extreme
desmoplastic reaction. In the present case, DIG was a pos-
sible differential diagnosis; however, no desmoplasia was
histologically demonstrated. Radiological findings in this



Figure 4 Electron micrographs. (a) Two types of tumor cells were observed: round or polygonal cells with round nuclei and moderately clear
cytoplasm (arrow) and spindle cells with irregular nuclei and dark cytoplasm (arrowhead). (b) These cells were observed in contiguity with each other.
(c) Abundant rough-surfaced endoplasmic reticulum (large arrow) and free ribosomes (small arrow) were observed in the cytoplasm of the former
cells. (d) Some bundles of intermediate filaments (arrow) were noted in the cytoplasms of the latter cells. (a: ×800; b: ×4000; c: ×5.0000; d: ×5000).
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case did not show a cystic tumor, but rather a solid tumor
that was exposed to the surface of the temporal lobe.
Accordingly, we disregarded the diagnosis of DIG.
Secondary, PXA was also a possible diagnosis in the

present case. These tumors occur most often in the
temporal lobes of children or young adults [11-14], and
associated seizures occur in up to 78% of cases [13]. PXA
usually presents as a cyst with a superficially situated
mural nodule. However, Yu et al. reported 8 solid-type
cases out of 19 total PXA cases [15]. Microscopically,
considerable pleomorphism, including spindle cells that
transition through plump and/or polygonal cells to multi-
nucleated giant cells, is observed. Endothelial proliferation
and necrosis are absent. There have been reports of
neuronal differentiation in PXA, according to immu-
nohistochemical analysis [16-19]. Additionally, there have
been several reports about the composition of PXA
and ganglioglioma (PXA-GG) [20-22]. Sugita et al.
summarized 17 cases of PXA-GG in which the patient
ages ranged from 9 to 82 years. PXA-GG has not been
reported in patients less than 1 year of age, as was the
case for our patient. Thus, PXA could present with a
divergent differentiation, as seen in the present case
[19]. However, higher cellularity, dominant neuronal
differentiation, and fewer pleomorphic findings of multi-
nucleated giant cells noted in this case were different from
the common type of PXA. For these reasons, we
disregarded the diagnosis of PXA.
In recent years, there have some reports of molecular

analyses associating with glioma development or pro-
gressions. It was reported that RTEL1 tagging single-
nucleotide polymorphisms (SNPs) & haplotypes were
identified to be associated with glioma development
[23]. Furthermore, epidermal growth factor receptor and
methylguanine-DNA methyltransferase (MGMT) promo-
tor hypermethylation were reported to be associated with
histological transformation and recurrence of gliomas. It
seems like that the genetic alterations are early events in
the development of glioma [24]. It is possible that these
molecular markers may help the diagnosis of low grade
glioma.
Cerebral NB, a rare embryonal tumor, was also consid-

ered a possible diagnosis. These tumors usually arise in the
frontotemporal region of children and often occur early in
the first decade of life. The incidence of NB in Mexican
children was reported to be 3.8 per 1,000,000 children/year;
the incidence of NB was the highest in children under
1 year of age, followed by those between 1 and 4 years of
age (18.5 and 5.4 per 1,000,000 children/years, respectively)
[25]. Histologically, homogenous and highly cellular
arrangements with round to ovoid and hyperchromatic
nuclei are observed. Varying numbers of Homer Wright
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rosettes are characteristic of these tumors. Rhythmic
nuclear palisading, which produces parallel arrange-
ments of cellular groups, might be observed. Neuronal
differentiation can be detected by immunohistochem-
istry for neuronal markers such TuJ1, neurofilaments,
and synaptophysin; however, glial differentiation is not
demonstrated. In the present case, the rhythmic nuclear
palisading pointed to this possible diagnosis; however, we
disregarded it because of the presence of positive GFAP
expression.
EVN was also a potential diagnosis. We previously

reported a case of a 26-year-old woman who presented
with atypical EVN, in which glial and neuronal differenti-
ation was demonstrated by immunohistochemical analysis
[26]. Histologically, EVN shows an isomorphous popula-
tion of small cells with perinuclear halos that are arranged
against a neuropil background. Ganglion-like cells might
be intermixed with the neurocytic elements [27]. However,
the patient in the present case had only a small number of
oligodendroglioma-like halos in a limited portion. Because
neurocytomas typically affect young adults, this was not
applicable to the patient in our case with regard to the age
of onset. Accordingly, we disregarded this diagnosis.

Conclusion
We emphasized that the histological and EM study
demonstrated both neuronal and glial differentiation in
the present case. The observations of the present case
did not completely correspond with any differential
diagnosis with regard to epidemiological, radiological, and
histological findings. This is a rare infantile case report
of a tumor that consisted mainly of neuronal-glial tumor
cells without desmoplasia.

Consent
Written informed consent was obtained from the patient’s
parents prior to the publication of this case report and
accompanying images. A copy of the written consent is
available for review by the Editor-in-Chief of this journal.

Abbreviations
CT: Computed tomography; MR: Magnetic resonance; WI: Weighted images;
Gd: Gadolinium; Syn: Synaptophysin; NFP: Neurofilament protein;
NeuN: Neuronal nuclear antigen; TuJ1: Tubulin, βIII isoform; GFAP: Glial
fibrillary acidic protein; IDH: Isocitrate dehydrogenase; EM: Electron
microscopic; DIG: Desmoplastic infantile ganglioglioma; PXA: Pleomorphic
xanthoastrocytoma; NB: Neuroblastoma; EVN: Extraventricular neurocytoma;
GG: Ganglioglioma; SNP: Single-nucleotide polymorphism.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
HY was a major contributor in the writing of the manuscript. HY, SC, YH, NO,
and MA were involved in pathological examination. NN and TI performed
the surgery. MO conducted clinical examination. JS and TI were involved in
the study design and coordination and helped to draft the manuscript. All
authors have read and approved the final manuscript.
Author details
1Department of Neurosurgery, Gifu University Graduate School of Medicine,
Gifu, Japan. 2Department of Pathology, Gifu University Hospital, Gifu, Japan.
3Department of Pathology, Osaka Medical College, Takatsuki, Japan.
4Department of Diagnostic Pathology, School of Medicine Fujita Health
University, Toyoake, Japan. 5Department of Pediatrics, Gifu University
Graduate School of Medicine, Gifu, Japan. 6Chubu Medical Center for
Prolonged Traumatic Brain Dysfunction, Department of Neurosurgery, Kizawa
Memorial Hospital, Minokamo, Japan.

Received: 30 April 2013 Accepted: 15 September 2013
Published: 2 October 2013

References
1. Giménez-Abián JF, Clarke DJ, Mullinger AM, Downes CS, Johnson RT:

A postprophase topoisomerase II-dependent chromatid core separation
step in the formation of metaphase chromosomes. J Cell Biol 1995,
131:7–17.

2. Gelabert-Gonzalez M, Serramito-García R, Arcos-Algaba A: Desmoplastic
infantile and non-infantile ganglioglioma. Review of the literature.
Neurosurg Rev 2010, 34:151–158.

3. Lönnrot K, Terho M, Kähärä V, Haapasalo H, Helén P: Desmoplastic infantile
ganglioglioma: novel aspects in clinical presentation and genetics.
Surg Neurol 2007, 68:304–308.

4. Kuchelmeister K, Bergmann M, Von Wild K, Hochreuther D, Busch G, Gullotta
F: Desmoplastic ganglioglioma: report of two non-infantile cases.
Acta Neuropathol 1993, 85:199–204.

5. Rangel-Castilla L, Kew Y, Powell S, Zhang YJ: Desmoplastic non-infantile
ganglioglioma in late adulthood. J Neurooncol 2011, 103:733–737.

6. Sperner J, Gottschalk J, Neumann K, Schörner W, Lanksch WR, Scheffner D:
Clinical, radiological and histological findings in desmoplastic infantile
ganglioglioma. Childs Nerv Syst 1994, 10:458–462.

7. Alexiou GA, Stefanaki K, Sfakianos G, Prodromou N: Desmoplastic infantile
ganglioglioma: a report of 2 cases and a review of the literature. Pediatr
Neurosurg 2008, 44:422–425.

8. Taratuto AL, Monges J, Lylyk P, Leiguarda R: Superficial cerebral
astrocytoma attached to dura. Report of six cases in infants. Cancer 1984,
54:2505–2512.

9. Ng TH, Fung CF, Ma LT: The pathological spectrum of desmoplastic
infantile gangliogliomas. Histopathology 1990, 16:235–241.

10. Martin DS, Levy B, Awwad EE, Pittman T: Desmoplastic infantile
ganglioglioma: CT and MR features. AJNR Am J Neuroradiol 1991,
12:1195–1197.

11. Kepes JJ, Rubinstein LJ, Eng LF: Pleomorphic xanthoastrocytoma: a
distinctive meningocerebral glioma of young subjects with relatively
favorable prognosis. A study of 12 cases. Cancer 1979, 44:1839–1852.

12. Pasquier B, Kojder I, Labat F, Keddari E, Pasquier D, Stoebner P, Barge M,
Delpech B, Couderc P: Xanthoastrocytoma inf young subjects. Review of
the literature apropos of 2 cases with discordant courses. Ann Pathol
1985, 5:29–43.

13. Kawano N: Pleomorphic xanthoastrocytoma: some new observations. Clin
Neuropathol 1992, 11:323–328.

14. Guanine C, Scheithauer BW, Burger PC, Brat DJ, Wolman PC, Lach B, O'Neill
BP: Pleomorphic xanthoastrocytoma: what do we really know about it?
Cancer 1999, 85:2033–2045.

15. Yu S, He L, Zhuang X, Luo B: Pleomorphic xanthoastrocytoma: MR
imaging findings in 19 patients. Acta Radial 2011, 52:223–228.

16. Furuta A, Takahashi H, Ikuta F, Ronda K, Takeda N, Tanaka R: Temporal lobe
tumor demonstrating ganglioglioma and pleomorphic
xanthoastrocytoma components. Case report. J Neurosurg 1992,
77:143–147.

17. Linkboy CF, Capelin J, Kepes JJ: Pleomorphic xanthoastrocytoma as a
component of a cerebellar ganglioglioma: case report. Neurosurgery 1992,
31:353–355.

18. Kordek R, Biernat W, Sapieja W, Alwasiak J, Liberski PP: Pleomorphic
xanthoastrocytoma with a gangliomatous component: an
immunohistochemical and ultrastructural study. Acta Neuropathol 1995,
89:194–197.

19. Guanine C, Scheithauer BW, Lopes MB, Hirose T, Kris JM, VandenBerg SR:
Immunophenotype of pleomorphic xanthoastrocytoma. Am J Surg Pathol
2002, 26:479–485.



Yano et al. Diagnostic Pathology 2013, 8:164 Page 7 of 7
http://www.diagnosticpathology.org/content/8/1/164
20. Sugita Y, Ire K, Ohshima K, Hitotsumatsu T, Sato O, Ardmore K: Pleomorphic
xanthoastrocytoma as a component of a temporal lobe cystic
ganglioglioma: a case report. Brain Tumor Pathol 2009, 26:31–36.

21. Vantaa I, Vargas Z, Aguzzi A: Pleomorphic xanthoastrocytoma with
gangliogliomatous component. Pathol Res Pact 1997, 193:617–621.

22. Perry A, Guanine C, Scheithauer BW, Rogaine AM, Yachnis AT, Seo IS,
Johnson PC, Cho J, Shapiro S: Composite pleomorphic xanthoastrocytoma
and ganglioglioma: report of four cases and review of the literature.
Am J Surg Pathol 1997, 21:763–771.

23. Li G, Jin T, Liang H, Zhang Z, He S, Tu Y, Yang H, Geng T, Cui G, Chen C,
Gao G: RTEL1 tagging SNPs and haplotypes were associated with glioma
development. Diagn Pathol 2013, 8:83.

24. Gomorra E, Pál J, Kovács B, Dóczi T: Concurrent hypermethylation of
DNMT1 MGMT and EGFR genes in progression of gliomas. Diagn Pathol
2012, 7:8.

25. Juárez-Ocaña S, Palma-Padilla V, González-Miranda G, Siordia-Reyes AG,
López-Aguilar E, Aguilar-Martínez M, Mejía-Aranguré JM, Carreón-Cruz R,
Rendón-Macías ME, Fajardo-Gutiérrez A: Epidemiological and some clinical
characteristics of neuroblastoma in Mexican children (1996–2005).
BMC Cancer 2009, 9:266.

26. Yano H, Ohe N, Shinoda J, Yoshimura S, Iwama T: Immunohistochemical
study concerning the origin of neurocytoma–a case report. Pathol Oncol
Res 2009, 15:301–305.

27. Brat DJ, Scheithauer BW, Eberhart CG, Burger PC: Extraventricular
neurocytomas: pathologic features and clinical outcome.
Am J Surg Pathol 2001, 25:1252–1260.

doi:10.1186/1746-1596-8-164
Cite this article as: Yano et al.: Mixed neuronal-glial tumor in the
temporal lobe of an infant: a case report. Diagnostic Pathology
2013 8:164.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Case presentation
	Discussion
	Virtual Slides

	Background
	Case presentation
	Pathological examination
	Pathological findings

	Discussion
	Conclusion
	Consent
	Abbreviations
	Competing interests
	Authors' contributions
	Author details
	References

