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Simple Summary: Neuroinflammation is considered a reaction of the nervous system itself to protect
and repair structural changes developed in it. Despite its initial positive purpose, sometimes it can
produce worse consequences for the tissue. In this article, we present a case of an Irish Wolfhound
dog suffering a rare idiopathic neurodegenerative disease producing wide cerebral cortical damage
with loss of neuronal bodies in a bilateral and symmetrical pattern. We have studied the glial
components of the neuroinflammation developed describing how they have exacerbated the nervous
tissue damage.

Abstract: A two-year-old, Irish Wolfhound dog presented with a history of progressive neurological
signs. Neurological exam revealed disorientation, absence of menace response, reduction of right
nasal sensation, hypermetria and ataxia with reduction of proprioception in all four limbs. MRI
findings were compatible with laminar neuronal necrosis and possible bilateral cortical cerebral
atrophy. Grossly, a severe bilateral reduction of the gray matter with flattening of gyri, mainly in
frontal and parietal cerebral areas, was observed. Histologically, multiple, segmental, bilateral, and
symmetric areas of neuronal loss, necrosis and degeneration, in a laminar pattern, associated with a
reactive gliosis were observed. Immunohistochemical studies showed severe reduction of neuronal
bodies, proliferation and hypertrophy of astrocytes and microglia. Few perivascular B and T cells
were demonstrated. Based on these data, we show some of the neuroinflammatory events that occur
during CNS repair in a chronic phase of this condition.
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1. Introduction

Degenerative neurological diseases in domestic animals include a broad group of
disorders that are characterized by progressive, bilateral and symmetrical degeneration
and loss of cells, mainly neurons. Most of these diseases are of a genetic basis, but the
precise pathogenic mechanisms are still poorly known or understood. Breed predisposition
seems to occur in some cases. These diseases that affect the central nervous system can
be classified in neuronal degenerations, axonal degenerations, myelin disorders, storage
diseases, spongiform encephalopathies, spongy degenerations, and selective symmetrical
encephalomalacias [1]. Recently, a novel idiopathic condition, characterized by superfi-
cial neocortical degeneration was reported in five dogs from North America and United
Kingdom [2].

Neuroinflammation, the activation of the neuroimmune cells (microglia and astro-
cytes) into proinflammatory states, with no known causative insult and little change in
blood-brain barrier biology, has been suggested as a pathological contributor in several
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neurodevelopmental, psychiatric, and neurodegenerative disorders [3]. This sustained
inflammatory response suggests an important role of effectors of neuroinflammation in
neuronal dysfunction and death [4]. Neuroinflammation is usually referred to as the
chronic response of nervous tissue [3]. Neuroinflammation was previously understood
as a local tissue response with few or no involvement of the peripheral immune system.
Nevertheless, recent data support it is influenced by a number of peripheral and other
factors, such as cytokines [5], chemokines expressed by lymphocytes [6], plasma kinins [7],
hormones, and a complex of molecular interactions [4].

Here, we describe the pathological and immunohistochemical findings in one case
of cerebrocortical atrophy in a young Irish Wolfhound dog, with emphasis on the glial
reaction (neuroinflammation) and on the poor lymphocytic response to neuronal injury,
which has not been previously investigated.

2. Description of the Case

A two-year-old, Irish Wolfhound, male dog presented with one-month history of
progressive neurological signs, including difficulty to jump, lumbar pain and pelvic limb
weakness. Hematological and biochemical (blood urea nitrogen, creatinine, glucose, albu-
min, total proteins, alanine aminotransferase, alkaline phosphatase) analyses did not reveal
changes. Radiography of thorax was normal. In the neurological exam, disorientation,
absence of menace response, reduction of right nasal sensation, hypermetria and ataxia
with reduction of proprioceptive positioning in all four limbs with normal spinal reflexes
were observed. These findings were indicative of diffuse primary bilateral cortico-thalamic
lesions, with perhaps more severe involvement of the right cortical region, as well as
the cerebellum. Magnetic resonance imaging (MRI) showed hyperintensity and increased
width of the subarachnoid space surrounding the cerebral gyri in T2 weighted images. With
similar distribution, these regions presented hypointensity in T1 and FLAIR (Fluid attenu-
ated inversion recovery) sequences, and the cerebrospinal fluid sign was isointense. A line
of hyperintensity was observed in the neocortical region in the FLAIR sequence, suggesting
laminar neuronal necrosis (Figure 1). After the administration of contrast, there were zones
of contrast enhancement in the neocortex and the meninges. MRI findings demonstrated
possible bilateral cortical cerebral atrophy. The analysis of cerebrospinal fluid collected
from the cerebellomedullary cistern revealed neutrophilic pleocytosis (50 cells/uL, 82%
polymorphonucleates and 18% lymphocytes). RT-PCR analysis to six neurologic infectious
diseases of dogs (canine distemper, toxoplasmosis, neosporosis, borreliosis, bartonellosis,
and cryptococcosis) were negative. The animal was euthanized due to the poor prognosis
and decision of the owner. Necropsy was performed and the brain was submitted to
histopathological examination.

After fixation in 10% neutral buffered formalin for four days, transverse sections of the
brain were performed. Representative fragments of cerebrum (frontal, parietal, temporal,
occipital, and piriform cortical areas, basal nuclei, and hippocampus), thalamus, midbrain,
pons, cerebellum and medulla oblongata were processed for routine histopathological
examination upon hematoxylin and eosin staining. In addition, immunohistochemical
(IHC) evaluation was performed using a biotin-peroxidase system and diaminobenzidine
as the chromogen. Antigen retrieval was performed with citrate buffer pH 6.0 (NeuN,
GFAP, Ibal and CD20) or 0.1% protease (CD3). To block the endogenous peroxidase activity,
the slides were incubated in a solution of HyO, (3%) in distilled water. The reagents were
applied manually, with an over-night incubation at 4 °C for the monoclonal primary
antibodies and a 40 (NeuN, GFAP, CD3 and CD20) to 60 min (Ibal) incubation for the
secondary antibodies. An avidin-biotin complex solution was used in the case of Ibal to
amplify the response and was incubated for 1 h. The diaminobenzidine chromogen was
applied for 10 min. The IHC antibody panel is described in Table 1. The IHC sections were
counterstained using Harris hematoxylin. The positive controls for IHC consisted of brain
(NeuN, GFAP, and Iba-1) and lymph node (CD3 and CD20) of a dog without morphologic
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changes. For the negative controls, an isotype-specific immunoglobulin was used as a
substitute for the primary antibody and no immunostaining was detected in these sections.

Figure 1. Brain magnetic resonance imaging from a young Irish Wolfhound dog with bilateral cerebrocortical atrophy.
There is a line of hyperintensity in the neocortical region in the FLAIR transverse sequence, compatible with laminar
neuronal necrosis.

Table 1. Immunohistochemical panel of antibodies used in this study.

Antibody Reference Manufacter Dilution
NeuN (Clone A60) MAB 377 Merck, Germany 1:100
Iba-1 ab5076 Abcan, Cambridge, UK 1:300
GFAP 70334 Dako, Denmark 1:5000
CD3 A0452 Dako, Denmark 1:100
CD20 (Clone MS4A1) pa5-32313 Thermo Fisher Scientific, USA 1:300

Grossly, a severe reduction in neocortical gray matter with flattening of gyri bilaterally,
affecting mainly frontal and parietal areas, was observed (Figure 2). In the surface of
transverse sections, thinning of the frontal, parietal, and temporal cortices was more
evident, and there was no clear distinction between gray and white matter. Gross changes
in the occipital cortex, cerebellum, and brainstem were not observed.
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Figure 2. Dorsal view of the brain from a young Irish Wolfhound dog with bilateral cerebrocortical atrophy. There is atrophy
and irregularity of gyri and enlargement of sulci.

Histologically, irregular, multiple, segmental areas of thinning of the gray matter with
a bilateral and symmetrical pattern were observed in the frontal, parietal, temporal, and
occipital cortices. Superficial layers (laminae I and II) were pallid due to severe absence
of neuronal bodies and microspongiosis of neuropile (Figure 3A). In addition, individual
neuronal necrosis and deposition of proteinaceous eosinophilic globules were observed.
These changes were observed equally in the surface of the gyri and in deepest part of sulci.
Numerous foamy macrophages (gitter cells) and a mild infiltration of lymphocytes was also
noted, mainly in the subarachnoid space that was distended secondarily to cortical atrophy.
In deepest layers (laminae IV and V), moderate depletion of neuronal bodies was associated
with a reactive gliosis. Subcortical white matter showed disorganization and mild to mod-
erate spongiosis. In the hippocampus, individual neuronal necrosis with reactive gliosis
was observed in the CA2 and CA4 regions. Significant lesions were not detected in the
other regions evaluated. The severe decrease in number of neuronal bodies in the affected
cortex was confirmed by NeuN immunostaining. The few layers with remaining neurons
were disorganized (Figure 3B). Glial Fibrillary Acidic Protein (GFAP) labelling showed
evident proliferation and hypertrophy of astrocytes in the affected gray matter, mainly
in the more superficial (adjacent to pia mater) and also in the deepest layers. Reactive
astrocytes frequently presented enlarged nuclei and abundant and extended cytoplasmic
processes (Figure 3C). Proliferation and hypertrophy of immunopositive Iba-1 microglia
cells were also evident in the affected gray matter areas (Figure 3D). Hypertrophied mi-
croglia were observed mainly in the deeper neuronal layers and in the subarachnoid space.
CD20 and CD3 immunolabeling demonstrated the presence of few perivascular B and T
cells, respectively, located in the subarachnoid space and rarely in the subpial areas of the
affected cortex.
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Figure 3. Brain histopathology and immunohistochemistry from a young Irish Wolfhound dog with bilateral cerebrocortical
atrophy. (A). There is distension and diffuse cell infiltration of the subarachnoid space and superficial areas of pallor affecting
upper cortical laminae with loss of the grey matter. Parietal cortex, HE. (B). Note the loss of neuronal bodies and cortical

architecture disorganization. NeuN immunohistochemistry. Hematoxylin counterstain. (C). Numerous reactive and hyper-

trophied astrocytes are noted in the affected neocortical areas. GFAP immunohistochemistry. Hematoxylin counterstain. (D).

There are abundant reactive microglia cells in the injured cortex. Iba-1 immunohistochemistry. Hematoxylin counterstain.

3. Discussion

The current manuscript describes the neurohistological and immunohistochemical
study of an unusual case of cerebrocortical chronic selective bilateral laminar neuronal
degeneration and necrosis in a two-year-old dog. A recent retrospective study (1982-2012)
described a very similar neuropathological condition in five young dogs of both sexes
from United Kingdom and USA [2]. Three out of these five dogs were related hounds
(two Irish Wolfhound and one Scottish Deerhound). In the present study, the affected dog
was an Irish Wolfhound that lived in Spain, though it was initially acquired in Germany.
These data indicate a strong probability of a hereditary and genetic basis for this disease,
although the pathogenesis of the condition of insidious onset remains unknown. Few
inherited disorders have been described and recognized in Irish Wolfhound dogs, such
as dilated cardiomyopathy, hip dysplasia, and portosystemic shunts [8-11]. In addition,
hyperekplexia (Startle disease), a rare severe congenital disorder, has been recognized as
one of the few inherited neurological diseases diagnosed in this canine breed, usually in
young puppies [7].

Clinical signs of this chronic neurodegenerative disorder of young dogs are progres-
sive and include mainly ataxia, paresis, hyperextension of limbs, blindness, difficulty of
prehension, seizures, and hyperesthesia presented over weeks to months [2]. Some of
these signs were observed in the current case. Our MRI findings are in accordance to the
ones reported previously [2]. Based on the imaging findings, we could not objectively
determine cortical atrophy due to the limited number of studies on cortical thickness in
dogs. Clinical history and neurological exam were suggestive of diffuse cerebral lesion
affecting the neocortex (sensory and visual deficits) and brainstem (consciousness or pro-



Animals 2021, 11, 143

60f7

prioceptive deficits), though the MRI only suggested a severe neocortical degenerative
and/or necrotic lesion. Although hypermetria was suggestive of cerebellar involvement,
we could not find any structural change in this region to explain this clinical sign. The
cerebellum is a structure commonly affected in neurodegenerative diseases of domestic
animals, mainly in cerebellar cortical abiotrophies (1). There were no scientific evidences to
explain the high selectivity of some neuronal groups in these diseases. Systemic infectious
diseases or metastasis affecting the CNS can cause multifocal lesions and similar clinical
signs. However, the negative results of PCR investigations performed in this study for
six important systemic diseases of dogs and the image findings made less probable these
potential causes.

The histopathological pattern of this condition is considered atypical, because usually
in domestic animals with cerebrocortical degeneration and necrosis, several layers of
neurons are injured [12,13]. Here, we observed a chronic and selective neuronal loss mainly
affecting superficial (and eventually deeper) layers of the neocortex and hippocampus, as
previously reported [2]. Occasionally, other regions of the brain, such as hypothalamus,
mesencephalon, and pons can also be affected [2], but no changes were detected in our case.
Our histopathological findings indicate an expressive response of astrocytes and microglial
cells to the chronic severe neuronal damage. The proliferation and activation of both glial
cells in this neurodegenerative condition were considered crucial to the repair, regulation,
phagocytosis and structural support of the injured tissue. These cells provide pre- and
anti-inflammatory actions in various functions under basal and disease conditions (3).

In the current study, immunohistochemical evaluation was effective to demonstrate
the exclusive glial response to neuronal changes, characterized by proliferation and hy-
pertrophy of astrocytes and microglia, particularly in the most affected areas of neocortex.
These findings are associated with the chronic progressive loss and injury of cortical
neurons highlighted by labelling with NeuN. In the current study, the lymphocyte-poor
immune response to the neuronal damage was restricted to subarachnoid space and subpial
areas. The findings of the current study suggest that an initial glial response produced to
control and repair the neuronal damage was converted in an exaggerated response (neu-
roinflammation) and negative to the nervous system, with increased tissue injury. Future
studies evaluating the complex neuroinflammatory pathways and genetic features of this
uncommon neurodegenerative disorder are needed to further characterize its etiology
and pathogenesis. The fact that inflammation can be either protective or damaging, is
fundamental to understand the pathogenesis of brain disorders.

4. Conclusions

Based on histopathological and immunohistochemical results of the current study, we
suggest that exclusive glial response, including proliferation and hypertrophy of astrocytes
and microglia, is a crucial event in the chronic neuronal damage, observed in the selective
superficial neocortical neuronal degeneration of Irish Wolfhound dogs, without effective
involvement of the lymphocytic response.

Author Contributions: All authors have contributed equally, read and agreed to the final version of
the manuscript. 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 waived for this study,
because the samples analyzed were obtained in a necropsy of a dog that was euthanized after decision
of the owner.

Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: The authors thank Tamara Rivero Balsera for the technical assistance and
Ronaldo C. da Costa (OSU) for the critical review of the manuscript.



Animals 2021, 11, 143 70f7

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

References

1.  Vandevelde, M.; Higgins, R.J.; Oevermann, A. Veterinary Neuropathology, Essentials of Theory and Practice; Wiley: Chichester, UK,
2012; pp. 157-192.

2. Cahalan, S.D.; Cappello, R.; de Lahunta, A.; Summers, B.A. A novel idiopathic superficial neocortical degeneration and atrophy
in young adult dogs. Vet. Pathol. 2015, 52, 344-350. [CrossRef] [PubMed]

3. Schain, M.; Kreisl, W.C. Neuroinflammation in neurodegenerative disorders—A review. Curr. Neurol. Neurosci. Rep. 2017, 17, 25.
[CrossRef] [PubMed]

4. Niranjan, R. Recent advances in the mechanisms of neuroinflammation and their roles in neurodegeneration. Neurochem. Int.
2018, 120, 13-20. [CrossRef] [PubMed]

5. Adalid-Peralta, L.; Fleury, A.; Garcia-Ibarra, T.M.; Herndndez, M.; Parkhouse, M.; Crispin, J.C.; Voltaire-Proafio, J.; Cardenas, G.;
Fragoso, G.; Sciutto, E. Human neurocysticercosis: In vivo expansion of peripheral regulatory T cells and their recruitment in the
central nervous system. |. Parasitol. 2012, 98, 142-148. [CrossRef] [PubMed]

6. Adzemovic, M.Z,; Ockinger, J.; Zeitelhofer, M.; Hochmeister, S.; Beyeen, A.D.; Paulson, A.; Gillett, A.; Hedreul, M.T.; Covacu, R;;
Lassmann, H.; et al. Expression of Ccl11 associates with immune response modulation and protection against neuroinflammation
in rats. PLoS ONE 2012, 7, €39794. [CrossRef] [PubMed]

7. Gill, J.L.; Capper, D.; Vanbellinghen, J.; Chung, S.-K.; Higgins, R.].; Rees, M.L; Shelton, G.D.; Harvey, R.J. Startle disease in Irish
wolfhounds associated with a microdeletion in the glycine transporter GlyT2 gene. Neurobiol. Dis. 2011, 43, 184-189. [CrossRef]
[PubMed]

8.  Canine Inherited Disorders Database (CIDD) Irish Wolfhound. University of Prince Edward Island, 2018. Available online:
https://cidd.discoveryspace.ca/breed/irish-wolfhound.html (accessed on 19 December 2019).

9.  Krontveit, R1; Trangerud, C.; N@dtvedt, A.; Dohoo, I.; Moe, L.; Saevik, B.K. The effect of radiological hip dysplasia and breed
on survival in a prospective cohort study of four large dog breeds followed over a 10 year period. Vet. J. 2012, 193, 206-211.
[CrossRef] [PubMed]

10. Spier, AW.; Meurs, KM.; Coovert, D.D.; Lehmkubhl, L.B.; O’Grady, M.R.; Freeman, L.M.; Burghes, A.H.; Towbin, J.A. Use of
western immunoblot for evaluation of myocardial dystrophin, alpha-sarcoglycan, and beta-dystroglycan in dogs with idiopathic
dilated cardiomyopathy. Am. J. Vet. Res. 2001, 62, 67-71. [CrossRef] [PubMed]

11.  Zandvliet, M.M.; Rothuizen, J. Transient hyperammonemia due to urea cycle enzyme deficiency in Irish Wolfhounds. J. Vet.
Intern. Med. 2007, 21, 215-218. [CrossRef] [PubMed]

12. Miller, A.D.; Zachary, J.F. Nervous system. In Pathologic Basis of Veterinary Disease, 6th ed.; Zachary, ].E, Ed.; Elsevier: St. Louis,
MO, USA, 2017; pp. 805-907.

13. Palmer, A.C.; Walker, R.G. The neuropathological effects of cardiac arrest in animals: A study of five cases. J. Small Anim. Pract.

1970, 11, 779-791. [CrossRef] [PubMed]


http://doi.org/10.1177/0300985814531498
http://www.ncbi.nlm.nih.gov/pubmed/24782390
http://doi.org/10.1007/s11910-017-0733-2
http://www.ncbi.nlm.nih.gov/pubmed/28283959
http://doi.org/10.1016/j.neuint.2018.07.003
http://www.ncbi.nlm.nih.gov/pubmed/30016687
http://doi.org/10.1645/GE-2839.1
http://www.ncbi.nlm.nih.gov/pubmed/21955298
http://doi.org/10.1371/journal.pone.0039794
http://www.ncbi.nlm.nih.gov/pubmed/22815714
http://doi.org/10.1016/j.nbd.2011.03.010
http://www.ncbi.nlm.nih.gov/pubmed/21420493
https://cidd.discoveryspace.ca/breed/irish-wolfhound.html
http://doi.org/10.1016/j.tvjl.2011.10.015
http://www.ncbi.nlm.nih.gov/pubmed/22093911
http://doi.org/10.2460/ajvr.2001.62.67
http://www.ncbi.nlm.nih.gov/pubmed/11197563
http://doi.org/10.1111/j.1939-1676.2007.tb02951.x
http://www.ncbi.nlm.nih.gov/pubmed/17427379
http://doi.org/10.1111/j.1748-5827.1970.tb05588.x
http://www.ncbi.nlm.nih.gov/pubmed/5531226

	Introduction 
	Description of the Case 
	Discussion 
	Conclusions 
	References

