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CASE I:   
 
Signalment:  
16-years old, female spayed, French bulldog, 
(Canis lupus familiaris) canine 
 
History:  
The dog was presented to the animal hospital 
for mass of the right eye that had grown from 
two months ago. Marked exophthalmos was 
observed in the right eye and enucleation was 
performed. 
 
Gross Pathology:  
Most of formalin fixed material was neo-
plastic tissue and normal ocular structures 
were unclear. On cut surface, there was scat-
tered bleeding and necrosis in the tumor tis-
sue. 
 
Laboratory Results: 
No laboratory findings reported. 
 
Microscopic Description:  
The nonencapsulated and poorly demarcated 
mass surrounded the optic nerve behind the 
globe. The mass consisted of spindle or epi-
thelioid polygonal cell arranged in whorls, 
bundles or sheets, and often formed tumor is-
lands of variable size and lobules separated 
by fibrovascular stroma. These tumor cells 
had various amounts of pale eosinophilic cy-
toplasm with slightly distinct cell margins. 
The cells had ovoid nuclei with stippled chro-
matin and occasional clear nucleoli. Anisocy-
tosis and anysokaryosis was mild. 11 mitotic 
figures were observed under 10 high-

magnification fields of view. Several large to 
small foci of necrosis and hemorrhage were 
also seen. Although no tumor invasion was 
observed into the eye tissue, the neoplastic 
cells extensively invaded into peripheral adi-
pose and muscle tissues. Clusters of neo-
plastic cells were seen in some lymphatic or 
blood vessels. The ocular structures mark-
edly compressed by the tumor. In other spec-
imens submitted, the corneal epithelium 
showed hyperplastic thickening with some 
small pustules and ulcer. In the substantia 
propria of cornea, severe fibrosis with mild 
hemorrhage, edema and infiltration of lym-
phocytes can be seen. The structures of the 
iris and ciliary body were collapsed, the lens 
and retinae were obscure. 
 
Contributor’s Morphologic Diagnosis:  
Eye: Orbital meningioma, right eye, dog 

 
Figure 1-1. Presentation, dog. Marked exophthalmos 
was observed in the right eye (Photo courtesy of:  De-
partment of Veterinary Pathology and Public Health, In-
stitute of Veterinary Science, Univ Laboratory of Pathol-
ogy, Faculty of Pharmaceutical Sciences, Setsunan Uni-
versity, 45-1 Nagaotohge-cho, Hirakata, Osaka 573-
0101, Japan) 
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Contributor’s Comment:  
Meningioma is a common primary brain tu-
mor in dogs (up to 45%) and cats (60%), and 
most intracranial meningiomas occur as well‐
demarcated solitary masses. However, men-
ingioma in the retrobulbar site accounts for 
only 2 to 3 % of all meningiomas and devel-
ops surrounding optic nerve area with inva-
sion into peripheral tissue.14,15 Meningioma 
is derived from arachnoidal cap lining arach-
noid villi. In veterinary medicine, orbital 
meningioma is considered a primary lesion 
originating in meninge covering intraorbital 
or intracanalicular optic nerve, while in hu-
man medicine, some are observed as second-
ary lesion occurring intracranially and extend 
along the optic nerve.6,7 

Orbital meningioma is characterized by pro-
liferation in sheets or cluster of various sized 
epithelioid cells with glassy eosinophilic cy-
toplasm and may form whorls or bundles as 
is the intracranial cases, but psammoma bod-
ies are rare. While chondro-osseous metapla-
sia is rare in intracranial meningioma, it is 
frequently observed in orbital meningiomas 
and is useful for diagnosis.13,14,18 In 3 previ-
ous cases in the Wednesday Slide Confer-
ence, epithelioid or spindle cells arranged in 
small lobules and whorls in 2 cases (Confer-
ence 19, 2013, Case 2; Conference 20, 2015; 
Case 4) , epithelioid cells arranged in nests 
and sheets predominated in 1 case (Confer-
ence 7, 2018, Case 4), and chondro-osseous 
metaplasia was seen in all cases. This case is 

thought to be typical orbital meningioma at 
the point of location and histological mor-
phology except for the lack of chondro-osse-
ous metaplasia. 
 
Although immunohistochemistry is not al-
ways necessary in typical cases, it may be 
useful for excluding other differential diag-
nosis such as carcinoma. In general, neo-
plastic cells show positive reaction for vi-
mentin, S100 and neuron specific enolase in 
varying degree, and negative for pancyt-
okeratin and glial fibrillary acidic protein, 
however, cytokeratin expression was de-
tected in few cases on a report .2,11,13,15 

 
Orbital meningioma is slow growing and ma-
lignant variants are rarely reported. One 
study of 22 canine orbital meningiomas re-
vealed that 6 of 17 recurred and furthermore 
2 of them presented subsequent central blind-
ness suggesting intracranial invasion of the 
tumor.10 In addition, two other reports 
showed distant metastasis to lung.12,16 These 
aggressive biologic behaviors of this tumor 
might be associated with stage and progres-
sion at the time of excision.  
 
Malignancy of human orbital meningiomas 
are assessed by WHO grading system for in-
tracranial meningioma, which depends on 
histologic subtypes and specific cytological 
features.6,7 In canine intracranial meningi-
oma, application of the system has been pro-
posed because they are likely to exhibit bio-
logical similarities to their human 

 
Figure 1-2. Orbit, dog. A single section of orbit contain-
ing a compressed phthitic globe and the optic nerve 
projecting downward (top center).  An infiltrative mass 
effaces the orbital skeletal and periorbital fat. (HE 

 
Figure 1-3. Orbit, dog. The neoplastic cells are arranged 
in long streams, bundles, and frequent whorls. (HE, 
39X) 
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counterparts, but it is not yet used for orbital 
lesions. The number of cases of canine orbital 
meningioma is small and correlation be 
tween grading and prognosis with both types 
of meningioma has not been validated, there-
fore the standardization of grading system in 
canine meningioma needs further studies us-
ing larger caseloads.1,11 

 
This case might have poor clinical outcome 
such as recurring and/or extension into cra-
nium because of the histopathological fea-
tures including prominent local invasion, 
lymphovascular invasion and frequent mi-
totic figures. It was suggested that loss of the 
eye structure was due to compression by the 
neoplastic tissue and secondary inflamma-
tory change. 
 
Contributing Institution:  
Laboratory of Pathology, Faculty of Pharma-
ceutical Sciences, Setsunan University,  
45-1 Nagaotohge-cho, Hirakata, Osaka 573-
0101, Japan 
 
JPC Diagnosis: 
Globe, right: Orbital meningioma. 
 
JPC Comment:   
Meningioma was last seen in the Wednesday 
Slide Conference in 2021-2022, conference 
7, case 2: this case was an intracranial neo-
plasm in a cat, and the contributor and con-
ference comments delineate the pathologic 
and historical aspects of this common neo-
plasm.  

 
Non-orbital canine meningiomas are classi-
fied according to the 2007 WHO human 
grading system. The two most common types 
of meningioma, the meningotheliomatous 
(epithelioid) and transitional (mixed) types, 
are both considered grade I, as are fibrous, 
psammomatous, angiomatous, microcystic, 
and myxoid types.3 Grade II meningiomas in-
clude choroid and atypical meningiomas, 
which have a higher mitotic rate (> 4 per 10 
high power fields) and hypercellularity.3 
Grade III meningiomas include papillary, 
rhabdoid, and anaplastic forms, which have 
cytologic features of malignancy and greater 
than 20 mitotic figures per 10 high power 
fields.3,17 While orbital meningiomas are not 
graded, this week’s moderator, Dr. Jey Koeh-
ler from Auburn University, described sev-
eral concerning features which could poten-
tially be indicative of a more aggressive be-
havior (and would be characteristic of malig-
nancy in a non-orbital meningioma): large ar-
eas of necrosis and regions with significant 
anisokaryosis and high mitotic rate. 
 
A recent study described four cases of the un-
common rhabdoid meningioma in dogs.17 In 
all cases, the neoplasms were located in the 
olfactory or frontal lobes and were locally in-
vasive.17 Rhabdoid cells comprised >70% of 
the tumor population, were arranged in  

 
Figure 1-4. Orbit, dog. High magnification of neoplastic 
cells. (HE, 388X) 

 
Figure 1-5. Orbit, dog. There are large areas of necrosis 
scattered throughout the neoplasm.  (HE, 108X) 
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sheets, and had well-delineated cell borders, 
abundant eosinophilic cytoplasm, and hya-
line to fibrillar inclusions which peripheral-
ized the nucleus.17 On electron microscopy, 
these inclusions were composed of whirling 
intermediate filaments (consistent with a 
rhabdoid morphology), a network of exten-
sive cell process interdigitations (consistent 
with a rhabdoid-like morphology), or abun-
dant mitochondria (consistent with an onco-
cytic meningioma). 
 
In humans, expression of Ki-67, a marker of 
proliferation, and osteopontin, a cytokine 
with multiple activities important in tumor 
progression, are highly correlated to the his-
tologic grade and recurrence rate of meningi-
omas.8 Janssen et al recently evaluated 35 ca-
nine meningiomas and found that neither Ki-
67 nor osteopontin were correlated with his-
tologic grading according to the WHO classi-
fication system for human meningiomas.8 
 
Meningiomas have a characteristic cytologic 
appearance, and samples may be obtained via 
impression smears or crush preparations of 
biopsy or by fine needle aspirate.4,5 As on his-
tology, samples from meningiomas may 
demonstrate whirling or acini formation and 
psammoma bodies on cytology. Addition-
ally, neoplastic cells may have intracytoplas-
mic nuclear invaginations or an elongate nu-
cleus with a longitudinal, dark blue linear bar 
imparting a “coffee bean” appearance to the 

nucleus.4,5 These characteristic nuclei can be 
seen on histology throughout the neoplasm in 
this case as well. 
 
Another primary neoplasm of the optic nerve 
described in dogs is an ocular astrocytoma.9 
This may arise in the optic nerve or within the 
retina and can lead to retinal detachment.9  
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11X) 
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CASE II:  
 
Signalment:  
14-year-old neutered male Persian cat (Felis 
catus) 
 
History:  
The cat had an acute onset of difficulty walk-
ing on the hind limbs, with a progressive 
worsening. The cat urinated and defecated in 
inappropriate places with sagging of the 
limbs during urination / defecation; had diffi-
culty in jumping and appeared depressed. 
Palpation of the thoraco-lumbar spine caused 
discomfort. The cat underwent hospitaliza-
tion and a complete diagnostic workflow. 
Due to a severe worsening of the symptoms 
and the health status, the cat was euthanized, 
and a necropsy was performed. 
 
Gross Pathology:  
An intramedullary neoformation was present 
in the thoraco-lumbar spinal cord (approxi-
mately T7). 
 
Laboratory Results: 
Hematobiochemistry: mild leucopenia; hy-
perazotemia. 

 
Figure 2-1.  Spinal cord, cat. Multiple sections of spinal 
court are submitted for examination. At subgross mag-
nification, an infiltrative neoplasm effaces 50-60% of 
the normal architecture.  (HE, 6X) 
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Serology for FIV, FeLV, Toxoplasma gondii: 
negative. 
PCR for Feline coronavirus, Neospora cani-
num, Feline parvovirus, Toxoplasma gondii 
(liquor): negative.  
Liquor cytology: mixed pleocytosis, mainly 
monocytoid and neutrophilic. 
Liver and spleen cytology: mild hepatocellu-
lar degeneration; splenic extramedullary he-
mopoiesis.  
 
Microscopic Description:  
Spinal cord. Focally effacing and replacing 
about 60% of the grey and white matter com-
pressing the adjacent tissue, there is a nodular 
neoplasm of 4 mm that is moderately cellular, 
multifocally infiltrative, moderately demar-
cated and unencapsulated. 
 
Neoplastic cells are variably arranged in in-
terlacing streams, short bundles, and sheets 
with scant amounts of supporting fibrovascu-
lar stroma. A mixed cell population is pre-
sent. The predominant neoplastic cells are 
round to angular, 20-50 microns large, with 
low nucleus/cytoplasm ratio, variably distinct 
cell borders and abundant eosinophilic cyto-
plasm that multifocally forms stout pro-
cesses. Nuclei are 5-15 microns large, round 
to elongated to pleomorphic, eccentric, with 
open-faced chromatin and mostly single 
prominent nucleolus. Rare binucleated neo-
plastic cells and multifocal megakaryosis are 
observed. Anisokariosis and anisocytosis are 
severe (gemistocyte-like cells; 60%). The 
predominant population is admixed with 
spindle to stellate cells, 10-15 microns large, 
with high nucleus/cytoplasm ratio, indistinct 
cell borders and scant eosinophilic cyto-
plasm. Nuclei are oval to elongated, 6-8 mi-
cros large, central with finely stippled chro-
matin and rarely evident nucleoli. Anisokari-
osis and anisocytosis are mild (astrocytes; 
40%). Mitoses are less than 1 in 2.37mm2. 

In the surrounding white matter axonal 
sheaths are moderately vacuolized (spongio-
sis). Vessels are hyperemic. 
 
Immunohistochemistry: neoplastic cells are 
diffusely and strongly GFAP-positive, dif-
fusely and moderately S100-positive; nega-
tive to CNPase.  
 
Contributor’s Morphologic Diagnosis:  
Spinal cord. Gemistocytic astrocytoma, 
grade II 
 
Contributor’s Comment:  
Gliomas are primary neoplasms of the central 
nervous system originating from glial cells.18 
Astrocytomas are common in dogs, whereas 
they are rare in cats. In cats, astrocytomas 
represent about 2.8% of intracranial neo-
plasms and 3.5% of spinal ones; the most 
common tumors of the spinal cord in cats are 
lymphoma and osteosarcoma.1,8,18 The most 
frequent location of astrocytomas in cats, ac-
cording to the literature, is telencephalon, 
with rarer reports in the brainstem, cerebel-
lum and spinal cord.8,9,12,18   
 
Astrocytomas have variable macroscopic ap-
pearance, although their presence might be 
hard to assess grossly. They can be firm, 

 
Figure 2-2.  Spinal cord, cat. Slightly higher magnifica-
tion of one section of spinal cord demonstrating the ne-
oplasm (HE, 17X) 
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palpable masses, ranging from white to gray, 
with ill-defined borders and possible areas of 
necrosis, especially with larger and more ma-
lignant tumors.3 
 
Histologically, astrocytomas are neuroepi-
thelial tumors classified in different histolog-
ical subtypes which correlate to the grade. 
Based on the 2007 World Health Organiza-
tion (WHO) classification of tumors of the 
central nervous system, there are: 
• Low-grade astrocytomas (grade I), with the 
variants fibrillary astrocytoma, protoplasmic 
astrocytoma, pilocytic astrocytoma, and sub-
ependymal giant cell astrocytoma; 
• Medium grade astrocytomas (grade II), with 
the gemistocytic variant; 
• Anaplastic astrocytomas (grade III); 
• High-grade astrocytomas (grade IV) or gli-
oblastoma.3,6 
 
Low-grade astrocytomas are mostly scarcely 
or moderately cellular, unencapsulated, ex-
pansile, with round to oval neoplastic cells 
replacing the pre-existing tissue. On the other 
hand, the medium grade astrocytomas usu-
ally are more densely cellular, showing more 
nuclear atypia. Anaplastic astrocytomas are 
characterized by cells with the greater extent 
of atypia and higher mitotic index. In high-
grade astrocytomas there are frequent areas 
of haemorrhages and necrosis, around which 
neoplastic cells are pseudopalisading. Prolif-
eration of the endothelium of blood vessels is 

present. In this entity high pleomorphism and 
atypia of the neoplastic cells are expected.3 
 
Alongside the well differentiated astrocyto-
mas reported in cats, the rarer subtypes eg. 
pilocytic astrocytoma, granular cell astrocy-
toma, angiocentric astrocytoma and anaplas-
tic gemistocytic astrocytoma are also de-
scribed.8,9,15,18 There are few reports of 
gemistocytic astrocytoma in cats. Gemisto-
cytic astrocytoma is considered a medium-
grade (grade II) tumor that is histologically 
characterized by the prevalence of large cells 
with abundant eosinophilic cytoplasm and 
eccentric oval nuclei (gemistocytic cells).3 
Nevertheless, in human pathology gemisto-
cytic astrocytomas are no longer recognized 
as a histological subtype but rather as a pat-
tern ("gemistocytic tissue pattern"), accord-
ing to 2021 World Health Organization clas-
sification of tumors of the central nervous 
system.7 A threshold of 20% gemistocytes in 
the neoplastic population is suggested to 
adopt this definition.7 
 
On immunohistochemistry, neoplastic cells 
in gemistocytic astrocytomas are immunore-
active for glial fibrillar acidic protein 
(GFAP), S100, vimentin, whereas they do not 
stain for CNPase and epidermal growth fac-
tor receptor (EGFR), in contrast to 

 
Figure 2-3. Spinal cord, cat. The neoplasm is composed 
of large polygonal gemistocytes which are separated by 
bundles of astrocyte process, numerous microglia, and 
fewer Schwann cells and non-neoplatic astrocytes. (HE, 
337X) 

 
Figure 2-4.  Spinal cord, cat. The neoplasm (and adja-
cent compressed grey matter) demonstrates strong im-
munopositivity for glial fibrillary acidic protein.  (HE, 
40X) 



8 
 

oligodendrolioma or glioblastoma, respec-
tively.1,3 Variable immunoreactivity for p53 
was also described in one study, suggesting a 
possible abnormal biological behavior of this 
protein in the pathogenesis of feline astrocy-
toma.1 
 
We classified the lesion we submitted as a 
gemistocytic astrocytoma taking into consid-
eration the prevalence of gemistocytic cells 
observed on histology in association with the 
immunohistochemical positivity for S100 
and GFAP and negativity for CNPase.    
 
Contributing Institution:  
San Marco Veterinary Clinic and Laboratory 
Pathology division 
Viale dell'Industria 3, 35030 
Veggiano (PD), Italy 
https://www.clinicaveterinariasanmarco.it/ 
 
JPC Diagnosis: 
Spinal cord:  Gemistocytic astrocytoma. 
 
JPC Comment:   
A recent Vet Pathol review article by Rissi 
details the clinical, pathologic, diagnostic, 
and behavioral features of primary central 
nervous system neoplasms in cats. Most in-
tracranial neoplasms in cats are primary brain 
tumors, and the most common primary brain 
tumor is the meningioma, representing 60% 

of all intracranial tumors and 85% of all pri-
mary brain tumors. 12 Gliomas are the second 
most common primary CNS tumor of the cat 
but, in the spinal cord and vertebral column, 
gliomas are slightly more common (8%) than 
meningiomas (7%).12 The most commonly 
reported type of glioma in the cat is the astro-
cytoma; ependymoma and oligodendrogli-
oma are reported at lower rates.12 
 
Astrocytomas have variable staining for 
GFAP and OLIG-2, whereas oligodendrogli-
omas have strong labeling for OLIG-2 and 
variable reactivity for GFAP.13 Round cell 
markers may also be useful to rule out lym-
phoma in neoplasms that lack OLIG-2 stain-
ing, as lymphoma is the most common spinal 
cord tumor of cats.13 Recently, Elbert and 
Rissi reported on doublecortin immunolabel-
ing in 11 feline gliomas. Doublecortin (DCX) 
is a protein of neuronal precursor cells. 13 

DCX expression along the periphery of inva-
sive human gliomas is suggestive of more in-
vasive behavior. 13 In this study on feline gli-
omas, DCX was expressed in all 4 astrocyto-
mas, with more intense staining along the 
margins of the neoplasms. 13 Neuronal nu-
clear protein (NeuN), expressed by mature 
neurons, was negative in all four astrocyto-
mas of this study. 13 
 
Gliosarcoma is a rare subtype of the grade IV 
astrocytoma (glioblastoma), and the first doc-
umented case in a cat was reported by Alva-
rez et al in 2019. Gliosarcomas are composed 

 
Figure 2-5.  Spinal cord, cat. Neoplastic cells and their 
processes demonstrated strong immunopositivity for  
glial fibrillary acidic protein.  (HE, 40X) 

 
Figure 2-6.  Spinal cord, cat. Adjacent to the neoplasm, 
there are few markedly dilated myelin sheaths continu-
ing axonal debris and Gitter cells.  (HE, 314X) 

about:blank
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of bimorphic cell populations: a glial compo-
nent and a sarcomatous component; both 
components are thought to arise from a com-
mon progenitor cell due to their similar ge-
netic alterations.2 This case was in a 5-year-
old cat with 1.5-year history of mild neuro-
logic signs that acutely progressed, and a 
gliosarcoma was discovered in the septum 
pellucidum. Within the glial component, ne-
oplastic cells histologically resembled astro-
cytes and were positive for GFAP and nega-
tive for OLIG-2.2 This case also contained all 
four types of structures of Scherer, which are 
histologic features of invasiveness in glial tu-
mors.2 Types of Scherer structures include 
spread within the subpial space, perivascular 
infiltration, and perineuronal and perivascu-
lar satellitosis.2 
 
The glioma entity was first described over 
200 years ago, and several notable 
pathologists have contributed to our 
knowledge of the entity. Rudolf Virchow 
coined the term glioma and provided the first 
histologic description of the neoplasm,11 and 
Howard Tooth, Percival Bailey, and Harvey 
Cushing later expanded the knowledge of gli-
oma histology.  German pathologist Hans Jo-
achim Scherer (1906-1945), the namesake 
for Scherer structures, also conducted exten-
sive landmark research on gliomas.11 One of 
the many observations made by Scherer that 
shape our understanding of gliomas is the 
pseudopalisading of neoplastic cells around 
areas of necrosis in glioblastoma multiforme 
(high grade astrocytoma).17 As a researcher 
in Germany during the first half of the 20th 
century, Scherer’s work was both influenced 
and interrupted by Nazi activities and World 
War II. After being arrested by the Gestapo 
in 1933, Scherer fled to Belgium, where pub-
lished numerous studies on human gliomas 
while employed at the Institute Bunge in Ant-
werp.10 In 1941, the German military ordered 
Scherer to return to Germany, and he began 
working at the Neurologic Institute in 

Breslau (now Poland).10 There, he conducted 
post-mortem examinations on at least 209 eu-
thanized children, most with neurologic disa-
bilities.5 Whether his work in this program 
was voluntary or conducted under coercion is 
still unknown, but his prior arrest, his exodus 
from Germany after Hitler rose to power, and 
personal accounts from his acquaintances 
suggest that he was not sympathetic to the 
Nazi party.16 Scherer died in 1945 in a rail-
way station attacked during one of the last Al-
lied bombings.11 

 
Readers are encouraged to review Case 1, 
Conference 7, 2021-2022, a grade IV astro-
cytoma in the dog. The contributor and con-
ference comments provide an excellent re-
view of features of canine astrocytoma, in-
cluding a recently published grading scheme 
for canine gliomas. 
 
References: 
1. Aloisio F, Levine JM, Edwards JF. Im-

munohistochemical features of a feline 
spinal cord gemistocytic astrocytoma. J 
Vet Diagn Invest. 2008 Nov;20(6):836-8. 

2. Alvarez P, Wessmann A, Pascual M, Co-
mas O, Pi D, Pumarola M. Cerebral glio-
sarcoma with perivascular involvement 
in a cat. JFMS Open Reports. 2019; 5(2): 
1-6. 

3. Cantile C, Youssef S. Nervous System. 
In: Grant Maxie M, ed. Jubb, Kennedy 
and Palmer’s Pathology of Domestic An-
imals. 6th ed. St. Louis, USA: Elsevier. 
2016; 250-406. 

4. Elbert JA, Rissi DR. Doublecortin immu-
nolabeling and lack of neuronal nuclear 
protein immunolabeling in feline glio-
mas. J Vet Diagn Invest. 2022; 34(4):757-
760. 

5. Kleiheus P. Reply to Marc Scherer. Brain 
Pathol. 2013; 23(4): 488. 

6. Louis DN, Ohgaki H, Wiestler OD, et al. 
The 2007 WHO classification of tumours 



10 
 

of the central nervous system. Acta Neu-
ropathol. 2007; 114(2):97-109. 

7. Louis DN, Perry A, Wesseling P, et al. 
The 2021 WHO Classification of Tumors 
of the Central Nervous System: a sum-
mary. Neuro Oncol. 2021 Aug 
2;23(8):1231-1251. 

8. Marioni-Henry K. Tumors affecting the 
spinal cord of cats: 85 cases (1980–2005). 
J Am Vet Med Assoc. 2008; 232: 237–
243. 

9. Murthy VD, Liepnieks ML, Roy MA, et 
al. Diagnosis and clinical outcome fol-
lowing surgical resection of an intracra-
nial grade III anaplastic gemistocytic as-
trocytoma in a cat. JFMS Open Rep. 
2020; 6(2): 2055116920939479. 

10. Peiffer J, Kleiheus P. Hans-Joachim 
Scherer (1906-1945), pioneer in glioma 
research. Brain Pathol. 1999; 9(2): 241-
245. 

11. Reuter G, Lombard A, Molina ES, 
Scholtes F, Bianchi E. Hans Joachim 
Scherer: an under-recognized pioneer of 
glioma research in Belgium. Acta Neurol 
Belg. 2021; 121(4): 867-872.  

12. Rissi DR. Feline glioma: a retrospective 
study and review of the literature. J Fe-
line Med Surg. 2017; 19:1307–1314. 

13. Rissi DR. A review of primary central 
nervous system neoplasms of cats. Vet 
Pathol. 2023. Online First. 

14. Rissi DR, McHale BJ, Armién AG. Angi-
ocentric astrocytoma in a cat. J Vet Diagn 
Invest. 2019; 31(4): 576-580. 

15. Sant’Ana FJ. Pilocytic astrocytoma in a 
cat. Vet Pathol. 2002; 39: 759–761. 

16. Scherer M. Some comments on the paper: 
Hans-Joachim Scherer (1906-1945), a pi-
oneer in glioma research. Brain Pathol. 
2013; 23(4):485-487. 

17. Stoyanov GS, Petkova L, Dzenkov 
DL.Hans Joachim Scherer and His Im-
pact on the Diagnostic, Clinical, and 
Modern Research Aspects of Glial Tu-
mors. Cureus. 2019; 11(11): e6148. 

18. Troxel MT. Feline intracranial neoplasia: 
retrospective review of 160 cases (1985–
2001). J Vet Intern Med. 2003; 17: 850–
859. 

 
CASE III:   
 
Signalment:  
2-year-old, female-neutered domestic short 
hair cat (Felis catus) 
 
History:  
The cat was presented in a veterinary practice 
with acute back pain and mild ataxia after a 
jump from a cupboard. The clinical examina-
tion revealed no specific findings, and the cat 
was treated with non-steroidal anti-inflam-
matory drugs (NSAIDs) for a suspected trau-
matic injury of the vertebral bone and spinal 
cord. After 2 days without clinical improve-
ment, blood work was performed and dis-
played mild hypophosphatemia (3.1 mg/dl, 
reference range: 3.4 – 8.5 mg/dl) and mono-
cytosis (6.6%, reference range: 1 – 3%). The 
radiological examination showed no abnor-
malities in the skeleton or spinal cord but a 
mildly increased interstitial pattern in the 

 
Figure 3-1. Spinal cord, cat. Cross-section with a lep-
tomeningeal, circumferential, grey, solid neoplasm 
compressing the spinal cord (dashed line: junction tu-
mor – spinal cord). Scale bar: 2 mm. (Photo courtesy of: 
Department of Pathology, University of Veterinary 
Medicine, Hannover, Buenteweg 17, 30559 Hannover, 
Germany. http://www.tiho-hannover.de/kliniken-in-
stitute/institute/institut-fuer-pathologie/) 
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craniodorsal lung. The cat was treated further 
with NSAIDs, antibiotics and vitamin B. 
Four days after initial presentation, the cat 
showed mild apathy and severe ataxia with 
markedly reduced proprioceptive reactions in 
all four limbs and reduced segmental reflexes 
in the thoracic limbs. The suspected neuroan-
atomical localization was the brain or the spi-
nal cord cranially to Th2. No cells were found 
in the cerebrospinal fluid (CSF). Infection 
with feline coronavirus, bornavirus, Toxo-
plasma gondii and Bartonella henselae 
within the CSF was excluded via PCR. Com-
puted tomography (CT) of the entire body 
was performed but showed no abnormalities 
of the central nervous system. During hospi-
talization, further progressive clinical decline 
and irresponsiveness to treatment resulted in 
lateral recumbency and spontaneous death 
within 6 days after initial presentation. The 
cat was subsequently submitted for necropsy. 
 
Gross Pathology:  
Leptomeninges were diffusely prominent, 
mostly pronounced within cervical segments 
with rostral extension to the medulla 

oblongata. After formalin fixation, cross sec-
tions revealed a well demarcated, gray-beige, 
soft, subdural thickening within the whole 
circumference of the spinal cord, involving 
primarily the cervical part, and the medulla 
oblongata with partial compression of the 
neuroparenchyma. No intraaxial mass was 
found in coronal sections of the brain and spi-
nal cord. 
 
Laboratory Results: 
The mass was immunostained using the ABC 
method with commercially available antibod-
ies. Neoplastic cells showed a diffuse, intra-
nuclear expression of oligodendrocyte tran-
scription factor 2 (OLIG2) and doublecortin. 
Moreover, tumor cells exhibited a diffuse cy-
toplasmic expression of microtubule-associ-
ated protein 2 (MAP2), CNPase and synapto-
physin. Some of the neoplastic cells dis-
played a cytoplasmic vimentin expression. 
Ki-67 as a proliferation marker protein was 
detected in more than 50% of the neoplastic 
cells. Scattered ionized calcium-binding 
adapter molecule 1 (Iba1)-positive cells and 
few scattered glial fibrillary acid protein 
(GFAP)-positive cells were present within 
the neoplasm (interpreted as reactive 

 
Figure 3-2. Spinal cord, cat. The neoplasm is highly cel-
lular and restricted to the subarachnoidal space with 
compression of the adjacent neuroparenchyma (ar-
rows) and omission of the spinal nerves (asterisks). HE, 
bar: 2 mm. (Photo courtesy of: Department of Pathol-
ogy, University of Veterinary Medicine, Hannover, 
Buenteweg 17, 30559 Hannover, Germany. 
http://www.tiho-hannover.de/kliniken-institute/insti-
tute/institut-fuer-pathologie/) 

 
Figure 3-3.  Spinal cord, cat. The leptomeningeal neo-
plasm is composed of numerous round cells arranged in 
sheets and containing a large hyperchromatic nucleus. 
HE, bar: 50 µm. (Photo courtesy of: Department of Pa-
thology, University of Veterinary Medicine, Hannover, 
Buenteweg 17, 30559 Hannover, Germany. 
http://www.tiho-hannover.de/kliniken-institute/insti-
tute/institut-fuer-pathologie/) 
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macrophages/microglia and astrocytes, re-
spectively). Neoplastic cells lacked immuno-
reactivity for neurofilament (NF), S100 pro-
tein, neuron specific enolase (NSE), myelin 
basic protein, p75 neurotrophin receptor, 
neuronal nuclear protein (NeuN), periaxin, 
pan-cytokeratin, CD3, CD20, CD79a, paired 
box 5 transcription factor (PAX5) and multi-
ple myeloma oncogene 1 (MUM1). 
 
Microscopic Description:  
Spinal cord: Expanding the subarachnoidal 
space, there is a solid, non-encapsulated, cell-
rich, circumferential accumulation of neo-
plastic cells extending from the arachnoidea 
to the margins of the spinal cord. The neo-
plasm is composed of closely packed, round, 
mononuclear cells arranged in sheets, accom-
panied by low amounts of fine fibrovascular 
stroma. The medium-sized cells possess var-
iably distinct cell borders and contain low 
amounts of finely granular eosinophilic cyto-
plasm. Nuclei measure 10–15 µm in diame-
ter, are centrally to eccentrically located, 
round to oval and frequently hyperchromatic 
with one distinct small nucleolus. Multifo-
cally, large necrotic areas with complete loss 
of cytological details are present. Tumor cells 
exhibit mild anisocytosis and –karyosis with 
a mitotic count of 10 mitoses per 2.37 mm² 
(with variation throughout the samples). Oc-
casionally, mild hemorrhages are present. 
The neuroparenchyma adjacent to the tumor 
multifocally shows compression and marked 
degenerative changes including spheroid for-
mation and vacuolation of the white and gray 
matter. 
 
Contributor’s Morphologic Diagnosis: 
Spinal cord: Leptomeningeal oligodendrogli-
omatosis, feline. 
 
Contributor’s Comment:  
The presented findings relate to a rare case of 
primary diffuse leptomeningeal oligodendro-
gliomatosis, which represents an 

oligodendroglioma-like tumor with an unu-
sual distribution. 
 
In contrast to other glial tumors, which 
mostly arise intracranially within the neuro-
parenchyma and may secondarily infiltrate 
the leptomeninges, primary diffuse lep-
tomeningeal gliomatosis (PDLG) is defined 
as a diffuse infiltration of the subarachnoidal 
space by neoplastic glial cells without evi-
dence of a primary intraaxial tumor.27 Having 
been described in humans and in dogs before, 
this entity has recently been reported in an 
older cat.1,10,21,28 The presented case is the 
second report of feline PDLG.2  
 
Histologically, oligodendroglial tumors are 
typically characterized by uniform, densely 
packed cells with vacuolated or eosinophilic 
cytoplasm, a round hyperchromatic nucleus 
and distinct cell borders with variable pat-
terns of cell arrangement. Delayed formalin 
fixation often causes a perinuclear halo, re-
sulting in a “honeycomb pattern” appear-
ance.25 However, these tumors can vary in 
their appearance and origin, which requires 
distinction from other neoplasms (such as 
lymphomas and neurocytomas) by 

 
Figure 3-4.  Spinal cord, cat. There are large necrotic ar-
eas within the neoplasm. HE; bar: 50 µm. (Photo cour-
tesy of: Department of Pathology, University of Veteri-
nary Medicine, Hannover, Buenteweg 17, 30559 Han-
nover, Germany. http://www.tiho-hannover.de/klin-
iken-institute/institute/institut-fuer-pathologie/) 
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immunohistochemistry, as performed in the 
present case. Tumor cells in the present case 
exhibited an expression of oligodendrocyte 
transcription factor 2 (OLIG2), doublecortin, 
microtubule-associated protein 2 (MAP2), 
CNPase and synaptophysin. Some of the ne-
oplastic cells displayed a cytoplasmic vi-
mentin expression. 
 
Further differentials in humans and domestic 
animals for leptomeningeal cell infiltrates  
include secondary leptomeningeal gliomato-
sis, ependymoma, pilocytic astrocytoma, or 
multicentric neoplasia and meningitis of au-
toimmune or infectious etiology.1,5,11,27 In fe-
lines, the most frequently reported extrapar-
enchymatous tumors of the spinal cord are 
lymphomas and osteosarcomas.14 An infec-
tious disease that needs to be considered in 

cats for this localization is feline infectious 
peritonitis (FIP).7,22 
 
To date, the exact origin of PDLG remains 
unknown. Several authors postulated that 
PDLG arises from so-called heterotopic glial 
cell nests, which represent small aggregates 
of glial cells within the subarachnoid space 
arising from protrusions of mature glia cells 
from the neuraxis, but this hypothesis re-
mains controversial.4,5,19 Occasional simulta-
neous immunopositivity for OLIG2 and neu-
ronal markers like synaptophysin or double-
cortin, as also observed in the present case, 
suggests a histiogenesis from a common pro-
genitor cell.15,16,18 
 
In humans, the incidence of diffuse lep-
tomeningeal oligodendroglioma-like neo-
plasms is higher in children and young adults 
when compared to other age groups.20 Sev-
eral genetic abnormalities have been at-
tributed to oligodendroglial neoplasms in hu-
mans including a 1p/19q deletion.26 Concern-
ing domestic animals, brachycephalic dog 
breeds are predisposed to develop oligoden-
droglioma with a suspected defect on chro-
mosome 26.23,24 The exclusive representation 
of brachycephalic dogs (4 boxer dogs, 1 Staf-
fordshire bull terrier, 1 Cane Corso) in pub-
lished cases of canine diffuse leptomeningeal 
gliomatosis may propose a similar breed dis-
position to PDLG.1,8,10,12 However, further 
case data need to be obtained to confirm this 
assumption. No specific genetic alterations 
have been determined so far for PDLG in do-
mestic animals.  
 
Intravital diagnosis of PDLG, which is pre-
dominantly based on MRI findings and ex-
clusion of other diseases, is challenging due 
to relatively unspecific clinical and CSF find-
ings and requires histopathological confirma-
tion.1,5,6,8,10,12,27,28 In most cases, final diagno-
sis is made at necropsy due to the rapid pro-
gression and poor prognosis of the tumor.5 

 
Figure 3-5. Spinal cord, cat. The tumor shows diffuse im-
munopositivity for OLIG2 (A), doublecortin (B) and 
MAP2 (C). Most tumor cells were also immunopositive 
for synaptophysin (D). Tumor-associated vasculature 
stained positive for vimentin (E). Positive nuclear stain-
ing for Ki-67 demonstrates high proliferation activity 
(F). bars: 50 µm. (Photo courtesy of: Department of Pa-
thology, University of Veterinary Medicine, Hannover, 
Buenteweg 17, 30559 Hannover, Germany. 
http://www.tiho-hannover.de/kliniken-institute/insti-
tute/institut-fuer-pathologie/) 
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JPC Diagnosis: 
Leptomeninges, spinal cord:  Oligodendro-
gliomatosis. 
 
JPC Comment:   
The moderator and conference participants 
had  a spirited discussion over the morpho-
logic diagnosis in this case. As the contribu-
tor mentions, it is impossible to determine 
whether the oligodendrogliomatosis is a pri-
mary lesion, or if it arose secondary to a small 
primary tumor not in section. Due to this un-
certainty, some participants favored a 
broader diagnosis of oligodendroglioma; 
however, most felt that the term oligodendro-
gliomatosis would provide valuable infor-
mation for the clinicians, as a focal oligoden-
droglioma would not be consistent with the 
neurologic signs, advanced imaging patterns 
(MRI with contrast), and gross lesions pro-
duced by a diffuse leptomeningeal lesion. 
 
In this section, there is a small focus of fibro-
sis within the meninges, and some partici-
pants considered a second morphologic diag-
nosis of fibroma. The moderator explained 
that focal fibrosis within the meninges and in 
the nerve sheath is a common aging change 
in geriatric animals and is not considered ab-
normal in this case. 
 
In a 2020 Vet Pathol article, Kauer et al de-
scribed leptomeningeal olgodendrogliomato-
sis in a 4.5 year old cow which died after pro-
gressive neurologic signs, including ataxia, 

circling, and tremors.9 Grossly, the lep-
tomeninges spanning the cerebellum, ventral 
occipital lobe, and first cervical spinal cord 
segment were expanded by a gelatinous, tan 
to gray mass that protruded into the third and 
fourth ventricles and extended into the thala-
mus.9 Histologically, the neoplastic cells 
were uniformly round and hyperchromatic, 
arranged in sheets, nests, and cords, and sur-
rounded by a myxoid matrix.9 There were 
multifocal microcysts filled with mucin. 
Multifocal areas of necrosis, microvascular 
proliferation, and a high mitotic rate were in-
dicative of malignancy.9 The vast majority of 
tumor cells had strong nuclear immunoreac-
tivity for Olig-2.9 These features were con-
sistent with a diffuse high-grade leptomenin-
geal oligodendrogliomatosis.9 While this is 
the first documented bovine case of diffuse 
leptomeningeal oligodendrogliomatosis, two 
previously documented cases of oligodendro-
gliomas in cows also featured this diffuse lep-
tomeningeal growth without identification of 
a primary neoplasm. The authors suggest that 
these prior cases may also be instances of dif-
fuse leptomeningeal oligodendrogliomato-
sis.9 
 
Two other rare proliferative lesions of the 
leptomeninges have recently been reported in 
cats: angiocentric astrocytoma and 

 
Figure 3-6.  Spinal cord, cat.  Neoplastic cells stain 
demonstrates strong nuclear immunopositivity for Olig-
2.  (anti-Olig-2, 200X) 

about:blank
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meningiomatosis.3,17 In a 2019 Vet Pathol ar-
ticle, Rissi et. al described the first veterinary 
case of angiocentric astrocytoma in a 15 year 
old cat with seizures refractory to medical 
therapy.17 On necropsy examination, the lep-
tomeninges surrounding the olfactory bulbs 
were swollen and firm with multifocal hem-
orrhage.17 Histologically, blood vessels 
within the leptomeninges of the olfactory 
bulb and extending caudally to the thalamus 
were surrounded by polygonal to elongate, 
sometimes palisading neoplastic cells.17 No 
primary neoplasm was identified. On IHC, 
these cells had strong reactivity for GFAP, 
S100, and vimentin.17 The histologic mor-
phology, IHC staining, and ultrastructure fea-
tures of this case were all consistent with a 
diagnosis of astrocytoma, and this case bears 
many similarities to human angiocentric as-
trocytoma, a rare entity in children and young 
adults.17  
 
The first documented case of meningioangi-
omatosis in a cat was recently reported by 
Corbett et al.3 Previously, this rare entity has 
been described in humans and dogs. Cor-
bett’s report details a 13 year old cat with his-
tory of acute behavioral changes, open mouth 
breathing, and facial twitching that pro-
gressed to generalized seizures.3 The animal 
died despite 5 days of hospitalization, and on 
necropsy, a unilateral hemorrhagic plaque 
expanded the meninges over the right pyri-
form, temporal, and ventral aspect of the oc-
cipital lobes and extended into the subjacent 
cerebral cortex.3 Histologically, the lep-
tomeninges were thickened by proliferations 
of vimentin-positive spindle cells streaming 
and whirling around blood vessels.3 The his-
tomorphology and IHC profile were con-
sistent with the cases of meningioangiomato-
sis documented in humans and dogs.3 
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CASE IV:  
 
Signalment:  
1-year and 4-month-old, male entire, Lagotto 
Romagnolo dog (Canis lupus familiaris). 
 
History:  
The dog was presented with a 4-month pro-
gressive history of intention head tremors, 
head bobbing, hypermetria in all limbs, indi-
cating a cerebellar disease, which were 
slowly progressing in severity. The clinical 
signs started to be present at 4 months of age. 
Magnetic Resonance Imaging (MRI) was 
performed and revealed a diffuse cerebellar 
cortical atrophy, characterized by a moder-
ately and diffusely reduced in size cerebel-
lum, accompanied by prominent cerebellar 
folia and sulci. Based on the clinical sings 
and MRI findings, the main clinical differen-
tial diagnosis was a neurodegenerative dis-
ease, such as altered autophagy and cerebel-
lar storage disease of the Lagotto Romagnolo 

due to an unidentified mutation, or another 
form of cerebellar abiotrophy. 
 
The dog was humanely euthanized and sub-
mitted for a post-mortem examination 
(PME). 
 
Gross Pathology:  
At PME, macroscopic lesions were restricted 
to the cerebellum, which was diffusely and 
moderately reduced in size. Upon sectioning 
of the formalin-fixed cerebellum, the cortical 
cerebellar folia appeared markedly thinned. 
 
Laboratory Results: 
The genetic test LSD for the ATG4D gene 
mutation, as a specific DNA test for cerebel-
lar storage disease in Lagotto Romagnolo, 
was negative. 
 
Microscopic Description:  
Cerebellum: Diffusely, the cerebellar folia 
are markedly flattened and there is diffuse, 
marked thinning and hypocellularity of the 
granular cell layer with marked loss of gran-
ular cells, leading to almost complete absence 
of this layer accompanied by moderate to 
marked vacuolation of the neuropil (spongio-
sis). Rarely, remaining granular cells are ei-
ther swollen with a vacuolated cytoplasm 
(degeneration), or shrunken with pyknotic 
nucleus (necrosis). Glial and microglial cells 
are diffusely observed replacing the granular 
layer. 
 
The Purkinje cell layer appears rarely af-
fected with occasional loss of Purkinje cells 
which are often replaced by large, irregularly 
round, clear areas (empty baskets). Multifo-
cally, scattered Purkinje cells are either 
shrunken with angular cellular profile, have a 
hypereosinophilic cytoplasm and pyknotic 
nucleus (necrosis) or are rarely swollen with 
central chromatolysis (degeneration). Rarely, 
swollen, pale eosinophilic proximal Purkinje 

 
Figure 4-1. Cerebellum, dog. The cerebellum was dif-
fusely reduced in size.  (Photo courtesy of:  Veterinary 
Pathology Service, School of Veterinary Medicine and 
Science, University of Nottingham, College Road, Sut-
ton Bonington, Loughborough, LE12 5RA, United King-
dom  https://www.nottingham.ac.uk/vet/service-for-
business/veterinary-pathology-service/index.aspx ) 
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cell axons (torpedoes) are observed extend-
ing into the granular cell layer. 
 
Diffusely, the molecular layer appears re-
duced in thickness, but is otherwise unre-
markable. 
 
Contributor’s Morphologic Diagnosis:  
Cerebellum: Diffuse, severe, granular cell 
degeneration and loss, with spongiosis, and 
mild, multifocal Purkinje cell loss  
 
Contributor’s Comment:  
Detailed macroscopic examination in a 1-
year and 4-month-old Lagotto Romagnolo 
dog revealed a severe, diffuse, and symmetric 
cerebellar atrophy, histologically character-
ized by a diffuse depletion of the cerebellar 
granular cell layer neurons, with relative 
sparing of the Purkinje cell layer, compatible 
with a cerebellar granuloprival degeneration 
(CGD). CGD is a type of cerebellar cortical 
degeneration, also termed cerebellar atrophy 
or abiotrophy.  
 
Cerebellar cortical abiotrophies (CCAs) are a 
group of rare diseases characterized by prem-
ature or accelerated and progressive degener-
ation and loss of fully developed neurons, 
secondary to a presumed intrinsic metabolic 
defect.2 CCA has been described as a heredi-
tary defect in various species, such as various 
dog breeds7,-9,12,18, Arabian horses14,17, rab-
bits16, goats10, and rarely in cats2,18. 
 
Animals with CCA are usually neurologi-
cally normal at birth and then start to develop 
progressive signs of cerebellar disease in 
weeks, months or less commonly years after 
birth. Histologically, there is a characteristic 
degeneration and loss of Purkinje cells, 
which could be accompanied by secondary 
loss of granule cell neurons, as a retrograde 
degeneration.4,6 

 

The case presented herein, represents an un-
usual presentation of cerebellar cortical de-
generation/abiotrophy in a Lagotto Ro-
magnolo dog, characterized by marked de-
generation and loss of granular cell neurons 
with relative sparing of Purkinje cells. Based 
on these histopathological features, this con-
dition has been named cerebellar granulo-
prival degeneration (CGD).  
 
The main differential diagnosis based on the 
breed, clinical signs, and MRI findings was 
altered autophagy and cerebellar storage dis-
ease of the Lagotto Romagnolo. This disease 
is characterized by progressive cerebellar 
ataxia and cerebellar atrophy as the main 
MRI finding, as observed in this case. How-
ever, the characteristic histopathological 
changes of the cerebellar storage disease of 
the Lagotto Romagnolo, consisting of wide-
spread neuronal cytoplasmic vacuolization 
within both the central and peripheral nerv-
ous system, marked progressive Purkinje cell 
loss accompanied by reduction of granular 
cell neurons, as well as spheroid formation 
and cytoplasmic vacuolation in extra-neural 
tissues (e.g., pancreatic acinar cells, prostate, 
mammary gland)11, were not observed in the 

 
Figure 4-2. Cerebellum, dog. The cortical cerebellar folia 
appeared markedly thinned  (Photo courtesy of:  Veter-
inary Pathology Service, School of Veterinary Medicine 
and Science, University of Nottingham, College Road, 
Sutton Bonington, Loughborough, LE12 5RA, United 
Kingdom  https://www.nottingham.ac.uk/vet/service-
for-business/veterinary-pathology-service/index.aspx 
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reported case, excluding this disease as a de-
finitive diagnosis. 
 
CGD has been occasionally reported in vari-
ous dog breeds, including an Australian kel-
pie and a Labrador retriever, an Italian hound, 
a Chihuahua, and Border collies, Bavarian 
mountain and Lagotto Romagnolo dogs.3,7-

9,12,15 

 
The etiology and pathogenetic mechanisms 
leading to CGD are still not completely un-
derstood, and, although the development of 
CCA in some dog breed has been attributed 
to a genetic abnormality, no specific genetic 
mutation has been yet identified for canine 
CGD. Inflammatory and infectious diseases 
have been considered as differential causes 
for CGD. In Coton de Tulear dogs, two forms 
have been recognized: the neonatal cerebellar 
ataxia (aka Bandera’s neonatal ataxia) caused 
by a mutation of the GRM1 gene [4], and a 
suggested immune-mediated form where the 
destruction of granular cell neurons results 
from an immune system defect.19 

 
In the presented case, the pathogenetic mech-
anism leading to CGD was unclear although 
the histopathological features were not con-
sistent with an inflammatory/infectious etiol-
ogy. Therefore, a genetic origin was consid-
ered more likely. Further studies are needed 

to elucidate the pathogenesis of this condition 
in dog breeds. 
 
Contributing Institution:  
https://www.nottingham.ac.uk/vet/ser-
vice-for-business/veterinary-pathology-
service/index.aspx  
 
JPC Diagnosis: 
Cerebellum: Granule neuron degeneration 
and loss, diffuse, severe, with mild multifocal 
Purkinje cell loss. 
 
JPC Comment:   
The contributor provides an interesting and 
uncommon presentation for cerebellar degen-
eration which was last seen in case 1, confer-
ence 12, 2016, in a Coton de Tulear dog.  
 
The moderator explained that granule cells 
receive most of their stimulation from 
Purkinje cells, thus are quite susceptible to 
transsynaptic degeneration during Purkinje 
cell injury. In the case of granule cell injury, 
however, Purkinje cells continue to receive 
stimulation from other neurons (such as the 
climbing fibers from the olive nucleus), mak-
ing them more resistant to transsynaptic de-
generation. This explains why the secondary 
Purkinje cell loss was less severe than the pri-
mary granule cell loss in this case. 
 
Certain viruses can infect and destroy neuro-
blast precursors of granule cells in the cere-
bellum, so an important differential for cere-
bellar degeneration in young animal to con-
sider is in utero viral infection.20 In addition 
to granule cell loss, immature Purkinje cells 
may be fewer in number or  malpositioned in 
the molecular layer, as granule cells to form 
the scaffolding for migration.13,20 Viruses as-
sociated with cerebellar dysplasia include fe-
line and rat parvoviruses; porcine and bovine 
pestiviruses (classical swine fever virus and  
bovine viral diarrhea virus), and certain bun-
yaviruses (Akabane virus, Cache valley 

 
Figure 4-3. Cerebellum, dog. Cerebellar folia are mark-
edly thinned and hypocellular.  (HE, 5X) 

about:blank
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virus, and Ainovirus).1,20 Kilham’s rat parvo-
virus and minute virus of mice (mouse parvo-
virus) cause cerebellar hypoplasia in rats and 
mice, respectively, and both of these rodent 
parvoviruses can also cause cerebellar hypo-
plasia in experimentally infected Syrian ham-
sters.1 In pigs, cerebellar hypoplasia can also 
be induced in utero when sows are treated 
with certain organophosphates late in gesta-
tion.20 
 
Purkinje cells are named after their discov-
erer, 19th century Czech physiologist Jan 
Evangelista Purkinje (1787-1869).5 Purkinje 
conducted extensive research and contributed 
to the advancement of multiple disciplines, 
including histology, embryology, and anat-
omy. The abundance of his research is evi-
denced in the variety of histoanatomic struc-
tures and physiologic phenomena that bear 
his name. In ocular physiology, Purkinje de-
scribed dark adaptation, now known as the 
Purkinje phenomenon, where the perceived 
intensity of the color red decreases faster than 
green and blue as light intensity increases. He 
also described how a bright light in dim sur-
roundings produces four images (Purkinje-
Sanson images). These images are generated 
by the planes of transition as light passes 
through the eye: the anterior corneal surface, 
posterior corneal surface, anterior lens sur-
face, and posterior lens surface. With the ben-
efit of improved microscope technology, 
Purkinje also provide the first description of 
cells in the cerebellum. Camillo Golgi (with 
his newly developed silver stain) and 

Santiago Ramon y Cajal later described 
structure and processes of these cells, and Ca-
jal recommended the cells be dubbed 
Purkinje cells. Purkinje’s pursuit of 
knowledge did not stop with the external 
world; he also conducted pharmacologic ex-
periments on himself, investigating the ef-
fects of agents such as digitalis extract, bella-
donna, camphor, and turpentine. There is 
some irony in the long list of discoveries 
which bear Purkinje’s name, as Purkinje him-
self stated, “Science is not about names but 
discoveries.”5  
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