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Simple Summary: Gangliogliomas are extremely rare tumors of the nervous system that contain a
mixture of neoplastic glial and neuronal cells. The aim of the present paper is to describe the clinical
presentation, magnetic resonance imaging findings and histopathological and immunophenotypical
characteristics of a cerebral cortex ganglioglioma in a 7-year-old Border Collie. The dog presented
an acute onset of tonic-clonic epileptic seizures. Magnetic resonance imaging revealed a well-
defined large intra-axial mass located on the left forebrain, mainly affecting the frontal cortex. The
histopathological examination of the mass revealed a diffuse proliferation of neoplastic glial cells
mixed with anomalous neuronal bodies. Immunohistochemical analyses confirmed the presence of
two different populations of neoplastic cells. Most neoplastic glial cells were immunoreactive to glial
fibrillary acidic protein and the other subset of neoplastic cells were positive to neuronal markers
such as PGP 9.5, synaptophysin and neuron-specific enolase, suggestive of neuronal cells. These
findings confirmed the diagnosis of a cerebrocortical ganglioglioma. To the authors’ knowledge, this
is the first description of a cerebral cortex ganglioglioma in a dog.

Abstract: Gangliogliomas are extremely rare tumors of the nervous system composed of neoplastic
glial and neuronal cells. The aim of the present paper is to describe the clinical presentation, magnetic
resonance imaging (MRI) findings and histopathological and immunophenotypical characteristics of
a cerebral cortex ganglioglioma in a 7-year-old Border Collie. The dog presented an acute onset of
tonic-clonic epileptic seizures. MRI revealed a well-defined large intra-axial mass located on the left
forebrain, mainly affecting the frontal cortex. Following humane euthanasia, the histopathological
examination of the mass revealed a diffuse proliferation of neoplastic glial cells mixed with anomalous
neuronal bodies. Immunohistochemical analyses confirmed the presence of two different populations
of neoplastic cells. Most neoplastic glial cells were immunoreactive to glial fibrillary acidic protein
(GFAP) and the other subset of neoplastic cells were positive to neuronal markers such as PGP 9.5,
synaptophysin (SYN) and neuron-specific enolase (NSE), suggestive of neuronal cells. These findings
confirmed the diagnosis of a cerebrocortical ganglioglioma. To the authors knowledge, this is the first
description of a ganglioglioma of the cerebral cortex in a dog.

Keywords: tumor; neoplasia; central nervous system; canine; glial fibrillary acidic protein;
neuron-specific enolase; synaptophysin; ganglioglioma

1. Introduction

Gangliogliomas are slow-growing tumors characterized by a combination of dysplas-
tic neurons and neoplastic glial cells [1,2]. These rare nervous system tumors have been
described in humans, in which constituting approximately 0.33–1.3% of primary central
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nervous system tumors [3]. Gangliogliomas in humans represent the most common tu-
mor entity in children and young adults suffering from chronic focal epilepsies, and most
frequently, it affects the temporal lobe followed by the frontal lobe [3–6]. Immunohisto-
chemical analysis is an essential technique to establish the diagnosis of ganglioglioma.

In veterinary literature, gangliogliomas have been anecdotally described in horses,
dogs, hedgehog, rodents and calf [7–13]. In dogs, only three cases of gangliogliomas have
been described, neither of which affected the cerebral cortex [8,10,11]. The sole case with
seizure-like neurological signs has been reported in a puppy with ganglioglioma affecting
the thalamus [11]. Immunohistochemical analyses were performed in those cases, including
glial fibrillary acidic protein (GFAP), neuron-specific enolase (NSE), neurofilament protein
and proliferating cell nuclear antigens (PCNA) [8,11]. In this case report, we describe the
clinical, diagnostic imaging and histopathological and immunohistochemical findings of a
ganglioglioma located at the level of the frontal cerebral cortex in a 7-year-old Border Collie.

2. Case Presentation

A 7-year-old entire female Border Collie was referred to the Neurology service of
Centro Clínico Veterinario Indautxu following an acute onset of cluster seizures. The dog was
2 month old when acquired, and the owners did not report any relevant diseases since
then. Very subtle generalized incoordination and difficulty to climb stairs were noted by
the owners a few months earlier, but no additional investigations were performed.

A physical exam did not show any relevant abnormalities. A neurological examination
revealed an abnormal mental status and non-ambulatory tetraparesis, with decreased
postural reactions in all four limbs. A cranial nerve examination showed absent menace
response on the right eye. Based on this, neuroanatomical localization for an underlying
lesion was the left prosencephalon.

The main differential diagnosis included neoplasia, inflammatory/infectious diseases
and vascular conditions. Complete blood count, serum chemistry and urinalysis were
unremarkable and thoracic radiographs did not reveal any significant abnormalities. MRI
of the brain was performed under general anesthesia.

MRI of the head was performed using a 0.2 T permanent open magnet (Hitachi, Tokyo,
Japan, Airis mate). T1-weighted (T1W) and T2-weighted (T2W) images were obtained
in transverse, sagittal and dorsal planes. Additionally, T2-weighted fluid attenuation
inversion recovery (FLAIR) images were obtained in a transverse plane. T1W images in
transverse and sagittal planes were also acquired after intra-venous contrast administration
(0.1 mmol/kg bodyweight, gadoterate meglumine [Dotarem®; Guerbet, Roissy CdG cedex,
France]). The study revealed a large, solid, well-defined, lobulated oval-shaped and
intra-axial mass affecting the left forebrain. The lesion measured approximately 4.9 cm
rostrocaudal, 2 cm mediolaterally and 3.4 cm dorsoventrally, and extended caudally from
the left olfactory bulb along the medial aspect of the left frontal cortical area and cingulum
reaching the level of the parietal cortical area, medial to the left lateral ventricle. The mass
showed a marked hyperintense signal on T2W, mixed heterogenous hyper to isointense
signal on FLAIR and marked hypointense signal on T1W, compared to the gray matter;
no evident contrast enhancement was identified. The mass severely compressed the
surrounding brain parenchyma; it caused ventral displacement of the corpus callosum,
partial collapse of the rostral aspect of the left lateral ventricle, attenuation of the cerebral
sulci, midline shift to the right with subfalcine herniation and transtentorial herniation
(Figure 1). The lateral ventricles were moderately distended by normointense cerebrospinal
fluid due to the mass’ compression of the interventricular foramina/third ventricle.
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Figure 1. MRI of the dog´s brain. Sagittal T2W (A), dorsal T2W (B) and transverse plane on T2W
(C) and FLAIR (D) at the level of the frontal cortical area showing the large intra-axial mass (arrow-
heads) located on the left forebrain, hyperintense on T2W and FLAIR. The asterisk shows the midline
shift to the right and the arrow shows the transtentorial herniation.

The main differential diagnosis included primary brain neoplasia, being glioma most
likely. Others secondary brain tumors such as round-cell neoplasia (lymphoma, histiocytic
sarcoma) were considered unlikely. Inflammatory (meningoencephalitis of unknown origin)
or infectious diseases were also considered less likely. Cerebrospinal fluid tape was not
performed due to the increased intracranial pressure and the associated risks.

Given the presumptive diagnosis of a brain tumor and the poor prognosis, the dog was
humanely euthanized. A complete necropsy was performed and the brain was submitted
for a histopathological analysis, previously fixed in 10% buffered formalin for more than
24 h. Immunohistochemistry (IHC) was performed to characterize all cell types and in
Table 1, we detail the IHC characteristics. For IHC, 3 µm formalin-fixed and paraffin wax-
embedded sections of tissue were dewaxed and rehydrated, followed by antigen retrieval
in a steamer prior to IHC performed manually. Detection of bound primary antibody
was achieved using the Dako EnVision + System-HRP kit, with DAB as the chromogen.
Pre-treatment in all IHC was HIER citrate buffer 0.01 M pH 6.

Grossly, the brain showed an enlarged and softer left cerebral hemisphere compared
with the right one. On transverse section (Figure 2A), a focal intra-axial space-occupying
lesion was present on the left cerebral hemisphere, extending from the dorsomedial part
of the left frontal till the parietal cerebral cortical areas (or cortices), invading subjacent
cingulate gyrus and even reaching the septal area. It was ill-defined with a gelatinous
consistence and a grey/beige coloration. It was accompanied by an enlargement of the
adjacent white matter (Corona radiata and Corpus callosum).
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Table 1. Antibodies characteristics employed on brain tissue.

Antibody Source Host Species Dilution

GFAP 1 Agilent DAKO, Z0334, CA, USA Polyclonal Rabbit 1/5000
PgP 9.5 2 UltraClone, RA 95101, Isle of Wight, U.K. Polyclonal Rabbit 1/1000
Olig—2 3 Merck KgaA, Darmstadt, Germany Polyclonal Rabbit 1/500

NSE 4 Agilent DAKO, M0873, CA, USA Monoclonal Mouse 1/600
SYN 5 Agilent DAKO, A0010, CA, USA Polyclonal Rabbit 1/100

NeuN 6 Merck KgaA, MAB 377, Darmstadt, Germany Monoclonal Mouse 1/300
1 GFAP, glial fibrillary acidic protein; 2 PgP 9.5, protein gene product 9.5; 3 Olig-2, oligodendrocyte transcription
factor; 4 NSE, neuron-specific enolase; 5 SYN, synaptophysin; 6 NeuN, neuronal nuclear antigen.

Figure 2. Transverse sections of fixed brain at different levels (A) and corresponding microscopic
examination on HE of the abnormal area (B–D). (B) is a sub-gross image as shown by the scale
bar at 2.5 mm and (C,D) show microscopical images (scale bar at 100 µm). In (A), left cerebral
hemisphere shows a large focal intra-axial on its medial part, causing marked midline shift to the
right. The square indicates the area where microscopic figures were obtained. In (B), a pale and disor-
ganized cerebral cortical parenchyma is evident, corresponding to the diffuse neoplastic proliferation.
(C) shows activated astrocytes (red arrow) mixed with neuronal bodies (black arrow in the image)
and vascular proliferation (asterisk in the image). At higher magnification, (D) dystrophic astrocytes
showing bi- or multinuclei (red arrows) are present mixed with small pyramidal neuronal bodies
(black arrows).

On microscopic examination, the mass corresponded to a diffuse neoplastic prolif-
eration originated on the grey and white matter transition zone, showing a marked lax
growth pattern, and infiltrating diffusely the adjacent nervous parenchyma (Figure 2B). The
predominantly neoplastic cells showed astrocytic features. They were irregular to star-like,
middle-sized cells showing a round or irregular pale nuclei with laxed chromatin and
eosinophilic cytoplasm with numerous fibrillary processes; bi- or multinucleated cells were
often observed (Figures 2D and 3A). Cell pleomorphism and anisokaryosis were evident.
In some areas, these cells increased in size due to the accumulation of an eosinophilic
cytoplasm with an eccentric unique or double nuclei and evident cytoplasmic processes
(gemistocytic astrocytes) (Figure 2C,D). No mitotic figures were evident. A second cell
population was detected intermingled with the previously described. It consisted of numer-
ous, isolated, neuronal-like cell bodies showing anomalous morphological nuclear features
(double nucleus and irregular shaped, nuclear invaginations) (Figure 3B–D) and varying



Vet. Sci. 2022, 9, 514 5 of 8

amounts of Nissl substance. No mitoses were detected among this neuronal cell population.
In addition, capillary vessels showed a proliferative pattern (Figure 2C).

Figure 3. Immunohistochemistry (IHC) analyses of the nervous tissue, scale bar show the corre-
spondence of 100 µm (A) and 50 µm (B–D). Immune positive cells are stained in brown. (A,B) show
activated and dystrophic astrocytes immunopositive to GFAP (red arrow), one showing a double
nucleus (red arrow) mixed with neuronal cell bodies (immunonegatives and counterstained with
hematoxylin, black arrows) also dystrophic, one of them showing double nucleus (marked with black
arrowhead). (C) shows small immune stained neuronal cell bodies and corresponding neuropile
processes to PgP 9.5, mixed with immune negative large astrocytes; a binucleated neuronal body is
present (black arrow). (D) shows granular surface SYN immunopositivity on neuronal bodies and
processes surface, and surrounding neuropil; a large dysplastic binucleated neuronal body is present
(marked with black arrowhead).

Most neoplastic cells were immunoreactive to GFAP (Figure 3A,B). The other subset of
neoplastic cells had neuronal origin confirmed by their immunopositivity against neuronal
markers such as Neuron specific enolase (NSE), synaptophysin (SYN) and the protein gene
product 9.5 (PgP 9.5) (Figure 3C,D). SYN allowed visualization of binuclear and dysplastic
neurons with intranuclear neuronal invaginations. (Figure 3D). These cells did not show
immunopositivity for NeuN. Scarce intermixed cells mainly showing oligodendrocyte
morphology resulted immunopositive for oligodendroglial marker (Olig-2).

These findings confirmed a mixture of atypic astrocytic glioma, including immature
dystrophic neuronal cells being consistent with a grade II cerebral ganglioglioma, a rare
type of primary nervous system mixed tumor.

3. Discussion

According to the World Health Organization (WHO) Classification of human tumors
of the Central Nervous System, gangliogliomas are classified in the group of the glioneu-
ronal and neuronal tumors [14]. No key genes or proteins have been identified for the
pathogenesis and diagnosis of this type of tumor and the origin of gangliogliomas remains
unknown despite multiple hypothesis being proposed. Tumors consisting of neuronal cells
are usually divided into those of a more primitive type, including medulloblastoma and
neuroblastoma, and those of an adult type, including ganglioneuroma and ganglioglioma.

Gangliogliomas are extremely rare tumors in dogs; only a few focal cases have been
reported in the thalamus of a puppy [11], in the pituitary gland of a mature dog [8] and
an unusual intraocular location [10]. To the best knowledge of the authors, this is the first
description of a ganglioglioma in the cerebral cortex of a dog. Multifocal ganglioglioma
has been previously reported in the piriform and temporal lobe of a horse, as well as in the
mesencephalon and hippocampus [7]. In the present case, the main clinical sign described
were seizures, similar to the case of the 4-month-old dachshund with thalamic affection
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and the horse. In addition, absent menace response was observed in the present case due
to the affection of the fontal cortical region, which is involved in the motor pathway of the
menace response. Motor facial dysfunction with normal cranial nerve reflexes was also
evident in the horse case. Two other cases of gangliogliomas in veterinary medicine were
identified in the spinal cord of a calf and in a European hedgehog presented with ataxia,
paraplegia and urinary bladder dysfunction [9,12].

The tumor’s predilection site in humans is the temporal and frontal lobes, resulting in
intractable seizures in the majority of patients [3–6]. Developing seizures can be complex
partial seizures or generalized tonic-clonic seizures. Other clinical manifestations are
headache, alteration in consciousness or focal neurologic deficits depending on tumor
location [4]. Similar to human cases, our dog displayed generalized epileptic tonic-clonic
seizures. Outcome of antiepileptic treatment and intractability of the seizures in the present
case could not be evaluated due to the prompt euthanasia.

MRI findings of human gangliogliomas are not well established due to the wide variety
of signals, probably due to the cell heterogenicity of these tumors. Gangliogliomas appear-
ance have been described as hypo or isointense on T1W sequences, hyper or hypointense
on T2W sequences and with variable contrast enhancement. Quite frequently, this type of
tumor shows cystic (hypointense areas on T1W and FLAIR in addition to hyperintense on
T2W) and mineralized areas, but can also be found as a solid, poorly defined mass mainly
in the temporal lobes [4,6]. In human medicine, gangliogliomas are radiologically classified
as cystic masses, cystic-solid and solid [6]. Perilesional edema is another feature present
in some cases. Rarely, adjacent skull bone destruction has been described [6]. According
to the human medicine literature, the present case must be classified as solid mass with
perilesional edema.

Most of the gangliogliomas in humans are well differentiated and classified as grade I,
however, anaplastic cases (grade III) have been also described [1,2]. The glial component of
each tumor was graded from I/III based on standard histopathological criteria used for
astrocytomas: the presence or absence of nuclear atypia (hyperchromatism or pleiomor-
phism), mitotic activity, vascular hyperplasia, or necrosis. In the present case, atypical and
dystrophic cellular features observed in both cell populations together with immunohis-
tochemical results moved us to classify it a as grade II tumor with a worse prognosis. In
the two puppies, the histopathology also revealed mineralized deposits [10,11]. Mineral
deposits and dystrophic calcification were other imaging and histopathological findings in
humans with slow-growing neuroglial tumors as gangliogliomas [1,2,4,6]. In the present
case, no mineral deposits were evident.

Immunohistochemical techniques are essential to establish the diagnosis of gangli-
oglioma. In the present case, we identified both cellular components of the tumor: astrocytes
(immunopositives for GFAP) and neuronal cell bodies (immunopositives for SYN, NSE,
PgP 9.5). In the present case, few cells resulted immunopositives for Olig-2, a marker for
neural progenitors and oligodendrocytes, and no immunopositivity was observed against
NeuN, a marker of mature neurons [15]. These results probably indicate an immature origin
for the neuronal population of this tumor. Recently, two cases of oligodendroglioma with
neuronal differentiation have been published in two boxer dogs [16]. These tumors were
considered to resemble human ‘oligodendroglioma with ganglioglioma-like maturation’.
In the present case, neither morphological nor immunohistochemical features of oligoden-
droglioma were present. Clinical progression of gangliogliomas is usually protracted and
progressive in humans. Due to the slow-growth nature of this tumor, most of the patients
have a mean duration of clinical signs between 6 and 9 years before the diagnosis, especially
in gangliogliomas with cerebral location [4,5,17]. The outcome of human gangliogliomas
is reasonably good compared with other types of gliomas. The tumor location is the only
predictive variable in one study, giving poorer outcome to spinal cord or brainstem location
compared with cerebral location [17]. The recent development of disruptive high-resolution
microscopies contributes to improving the knowledge related to the morphological prop-
erties of those cells involved in health and disease. In this framework, epi-fluorescence
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imaging [18] and sophisticated volumetric assays by atomic force microscopy [19] could be
employed as a promising tool in the characterization of gangliogliomas. The treatment of
choice in humans is total surgical resection based on the slow-growing and non invasive
nature of this tumor [4,5]. The majority of patients with epilepsy treated surgically had
a complete and significant reduction of seizure frequency. Depending on the study, the
recurrence survival rate was 95% and 97% at 5- or 7.5-years follow-up, respectively [5,17].
The role of adjuvant radiotherapy and/or chemotherapy is controversial and most studies
show no significant benefit [4,5,17]. Histological grade was not predictive of outcome,
although higher-grade tumors tend to have a shorter time to recurrence. Lower rates of
recurrence were found in patients with tumors classified as WHO Grade I lesions, patients
with temporal lesions, patients who underwent complete tumor resection and patients
with long-standing epilepsy [5]. High variability in the progression rate of clinical signs
has been observed in veterinary literature. Protracted one-year progressive disease was
described in the case of the horse, however, in the canine cases and in the present case,
the clinical signs were quickly progressive [7,10,11]. Little is known about the outcome
and survival rate after surgical resection in veterinary cases, due to the scarce number
of cases. In extra-axial gangliogliomas (pituitary and intraocular location), both patients
experienced complete resolutions of clinical signs after transsphenoidal hypophysectomy
or eyeball enucleation [8,10]. The rest of the intracranial or intramedular gangliogliomas
were promptly euthanized without any treatment established [7,9,11,12].

4. Conclusions

To the authors knowledge, this is the first report of intracranial ganglioglioma located
in the cerebral cortex in a dog. Despite ganglioglioma is a rare neoplasia, it must be
considered in the differential diagnosis of a solitary solid mass on the cerebral cortex of
young or adult dogs. Biopsy or postmortem histopathology and immunohistochemical
evaluation remain essential to achieve the correct diagnosis and must be crucial to give
accurate prognosis.

Author Contributions: Conceptualization, L.M., M.P., R.A., J.E. and M.O.; methodology, L.M., M.P.,
R.A., J.E. and M.O.; validation, L.M., M.P., R.A. and M.O.; investigation, L.M., M.P. and M.O.; resources,
L.M., M.P., R.A., J.E. and M.O.; data curation, L.M., M.P., R.A., J.E. and M.O.; writing—original draft
preparation, L.M.; writing—review and editing, M.P., R.A., J.E. and M.O.; supervision, M.P., R.A. and
M.O.; project administration, L.M., M.P., R.A., J.E. and M.O. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were not needed for this study
due to owner’s consent to post-mortem study of the animal.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Acknowledgments: We gratefully acknowledge Ester Blasco and Tamara Rivero for laboratory
technical assistance, Tània Garnica for assistant in preparing the images and Petra Benyei for
the proofreading.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bienkowski, M.; Furtner, J.; Hainfellner, J.A. Clinical neuropathology of brain tumors. In Handbook of Clinical Neurology; Elsevier:

Amsterdam, The Netherlands, 2018; Volume 145, pp. 477–534.
2. Miller, D.C.; Lang, F.F.; Epstein, F.J. Central nervous system gangliogliomas. Part 1: Pathology. J. Neurosurg. 1993, 79, 859–866.

[CrossRef] [PubMed]
3. Blümcke, I.; Wiestler, O.D. Gangliogliomas: An Intriguing Tumor Entity Associated with Focal Epilepsies. J. Neuropathol. Exp.

Neurol. 2002, 61, 575–584. [CrossRef] [PubMed]
4. Heo, S.H.; Jeon, S.R.; Kim, C.J.; Lee, J.K. Experience of Intracranial Gangliogliomas. J. Korean Neurosurg. Soc. 1998, 27, 588–598.

http://doi.org/10.3171/jns.1993.79.6.0859
http://www.ncbi.nlm.nih.gov/pubmed/8246054
http://doi.org/10.1093/jnen/61.7.575
http://www.ncbi.nlm.nih.gov/pubmed/12125736


Vet. Sci. 2022, 9, 514 8 of 8

5. Luyken, C.; Blümcke, I.; Fimmers, R.; Urbach, H.; Wiestler, O.D.; Schramm, J. Supratentorial gangliogliomas: Histopathologic
grading and tumor recurrence in 184 patients with a median follow-up of 8 years: Outcome and Prognosis in Gangliogliomas.
Cancer 2004, 101, 146–155. [CrossRef] [PubMed]

6. Zhang, D.; Henning, T.D.; Zou, L.G.; Hu, L.B.; Wen, L.; Feng, X.Y.; Dai, S.H.; Wang, W.X.; Sun, Q.R.; Zhang, Z.G. Intracranial
ganglioglioma: Clinicopathological and MRI findings in 16 patients. Clin. Radiol. 2008, 63, 80–91. [CrossRef] [PubMed]

7. Easton-Jones, C.; Woolard, K.; Mohr, F.C.; Roy, M.A.; Aleman, M. Ganglioglioma of the Right Cerebrothalamus in a 7-Year-Old
Quarter Horse Cross Gelding. Front. Vet. Sci. 2019, 6, 356. [CrossRef] [PubMed]

8. Ishino, H.; Takekoshi, S.; Teshima, T.; Uchida, K.; Sakonju, I.; Hara, Y. Hyperadrenocorticism Caused by a Pituitary Ganglioglioma
in a Dog. Vet. Pathol. 2019, 56, 609–613. [CrossRef] [PubMed]

9. Roth, L.; Scarratt, W.K.; Shipley, C.F.; Stanton, C.A. Ganglioglioma of the Spinal Cord in a Calf. Vet. Pathol. 1987, 24, 188–189.
[CrossRef] [PubMed]

10. Saunders, L.Z.; Geib, L.W.; Barron, C.N. Intraocular Ganglioglioma in a Dog. Path. Vet. 1969, 6, 525–533. [CrossRef] [PubMed]
11. Uchida, K.; Nakayama, H.; Endo, Y.; Kai, C.; Tatewaki, S.; Yamaguchi, R.; Doi, K.; Tateyama, S. Ganglioglioma in the Thalamus of

a Puppy. J. Vet. Med. Sci. 2003, 65, 113–115. [CrossRef] [PubMed]
12. Ulrich, R.; Stan, A.C.; Fehr, M.; Mallig, C.; Puff, C. Desmoplastic Ganglioglioma of the Spinal Cord in a Western European

Hedgehog (Erinaceus europaeus). J. Vet. Diagn. Investig. 2010, 22, 978–983. [CrossRef] [PubMed]
13. Higgins, R.J.; Bollen, A.W.; Dickinson, P.J.; Sisó-Llonch, S. Tumors of the Nervous System. In Tumors in Domestic Animals, 5th ed.;

Meuten, D.J., Ed.; John Wiley & Sons: Hoboken, NJ, USA, 2017; pp. 834–891.
14. Louis, D.N.; Perry, A.; Wesseling, P.; Brat, D.J.; Cree, I.A.; Figarella-Branger, D.; Hawkins, C.; Ng, H.K.; Pfister, S.M.; Reifenberger,

G.; et al. The 2021 WHO Classification of Tumors of the Central Nervous System: A summary. Neuro-Oncology 2021, 23, 1231–1251.
[CrossRef] [PubMed]

15. Ligon, K.L.; Alberta, J.A.; Kho, A.T.; Weiss, J.; Kwaan, M.R.; Nutt, C.L.; Louis, D.N.; Stiles, C.D.; Rowitch, D.H. The Oligoden-
droglial Lineage Marker OLIG2 Is Universally Expressed in Diffuse Gliomas. J. Neuropathol. Exp. Neurol. 2004, 63, 499–509.
[CrossRef] [PubMed]

16. Cornax, I.; Pluhar, G.E.; Clark, H.B.; O’Sullivan, M.G. Oligodendroglioma with Neuronal Differentiation in Two Boxer Dogs. J.
Comp. Path. 2019, 172, 11–16. [CrossRef] [PubMed]

17. Lang, F.F.; Epstein, F.J.; Ransohoff, J.; Allen, J.C.; Wisoff, J.; Abbott, I.R.; Miller, D.C. Central nervous system gangliogliomas. Part
2: Clinical outcome. J. Neurosurg. 1993, 79, 867–873. [CrossRef] [PubMed]

18. Mishchenko, T.A.; Balalaeva, I.V.; Klimenko, M.O.; Brilkina, A.A.; Peskova, N.N.; Guryev, E.L.; Krysko, D.V.; Vedunova, M.V. Far-
Red Fluorescent Murine Glioma Model for Accurate Assessment of Brain Tumor Progression. Cancers 2022, 14, 3822. [CrossRef]
[PubMed]

19. Marcuello, C.; Frempong, G.A.; Balsera, M.; Medina, M.; Lostao, A. Atomic Force Microscopy to Elicit Conformational Transitions
of Ferredoxin-Dependent Flavin Thioredoxin Reductases. Antioxidants 2021, 10, 1437. [CrossRef]

http://doi.org/10.1002/cncr.20332
http://www.ncbi.nlm.nih.gov/pubmed/15222000
http://doi.org/10.1016/j.crad.2007.06.010
http://www.ncbi.nlm.nih.gov/pubmed/18068794
http://doi.org/10.3389/fvets.2019.00356
http://www.ncbi.nlm.nih.gov/pubmed/31696122
http://doi.org/10.1177/0300985819829530
http://www.ncbi.nlm.nih.gov/pubmed/30774022
http://doi.org/10.1177/030098588702400215
http://www.ncbi.nlm.nih.gov/pubmed/3576915
http://doi.org/10.1177/030098586900600605
http://www.ncbi.nlm.nih.gov/pubmed/5393729
http://doi.org/10.1292/jvms.65.113
http://www.ncbi.nlm.nih.gov/pubmed/12576715
http://doi.org/10.1177/104063871002200623
http://www.ncbi.nlm.nih.gov/pubmed/21088188
http://doi.org/10.1093/neuonc/noab106
http://www.ncbi.nlm.nih.gov/pubmed/34185076
http://doi.org/10.1093/jnen/63.5.499
http://www.ncbi.nlm.nih.gov/pubmed/15198128
http://doi.org/10.1016/j.jcpa.2019.08.003
http://www.ncbi.nlm.nih.gov/pubmed/31690408
http://doi.org/10.3171/jns.1993.79.6.0867
http://www.ncbi.nlm.nih.gov/pubmed/8246055
http://doi.org/10.3390/cancers14153822
http://www.ncbi.nlm.nih.gov/pubmed/35954485
http://doi.org/10.3390/antiox10091437 

	Introduction 
	Case Presentation 
	Discussion 
	Conclusions 
	References

