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Case Report

Chronic otitis externa with heat shock protein 70-positive
intranuclear inclusion bodies in the ceruminous gland epithelium of

a Chihuahua dog
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Abstract: A Chihuahua dog showed persistent itching in the right ear canal. Anti-inflammatory medicines and prednisolone were
ineffective and total ear canal ablation was performed. Histological diagnosis was chronic otitis externa. Eosinophilic intranuclear
inclusion bodies (Cowdry type A and full-type) were occasionally observed in the ceruminous gland epithelium. The inclusion bodies
were negative for nucleic acid and ultrastructurally composed of fibrous structures (approximately 10 nm in width). Viral infection was
initially suspected, but polymelase chain reaction tests did not detect the expected viral genes. Immunohistochemistry revealed that the
inclusion bodies were positive for heat shock protein 70 (HSP70), suggesting that these bodies could be protein aggregates including
HSP70. The etiology of this lesion has not been elucidated, but chronic inflammation may influence the cytoplasm-to-nuclear transpor-
tation of HSP70. To the best of our knowledge, this is the first report of canine chronic otitis externa with HSP70-positive intranuclear
inclusion bodies. (DOI: 10.1293/tox.2021-0033; J Toxicol Pathol 2022; 35: 83-87)

Key words: Otitis externa, intranuclear inclusion body, heat shock protein 70, dog

Otitis externa is a common disease in dogs and cats.
It may be acute or chronic and unilateral or bilateral. Ma-
jor clinical signs include head shaking, odor, pain, exudate,
and erythema. The causes of otitis externa are diverse and
include bacterial, viral, parasitic, and fungal infections; al-
lergic responses; immune disorders; and endocrine abnor-
malities!. Histological changes in otitis externa also vary
with the associated causes. Generally, varying degrees of
hyperplasia in the epidermis, ceruminous gland, sebaceous
gland, and interstitium can be observed. Intranuclear in-
clusion bodies are one of the most important pathological
hallmarks of viral infections. On the other hand, non-viral
intranuclear inclusions may also be reported. Non-viral in-
tranuclear inclusions are formed by nuclear membrane in-
vagination or abnormal protein storage in the nuclei. There
are no reports of otitis externa with inclusion bodies nor
otitis externa associated with viral infection in domestic
animals. We present a case of chronic otitis externa with
heat shock protein (HSP) 70-positive intranuclear inclusion
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bodies in a Chihuahua dog.

A female Chihuahua dog (aged 12 years and 8 months)
was hospitalized with a chief complaint of chronic pruritus
in the right ear and extremities for approximately 5 years
and was treated with anti-inflammatory medications and
prednisolone. The animal showed severe chronic otitis ex-
terna with calcification of the ear cartilige and proliferation
of the ear canal epithelium. Total ear canal ablation was per-
formed since the external acoustic meatus was occluded.

The ear canal was fixed in 15% neutral-buffered forma-
lin and embedded in paraffin. Sections of 4-um thickness
were cut and stained with hematoxylin and eosin, Masson’s
trichrome, periodic acid-Schiff (PAS) reaction, Feulgen re-
action, and methyl green-pyronin stain. Immunohistochem-
istry (IHC) was performed following standard techniques
using the Histofine Simple Stain MAX-PO kit (Nichirei
Bioscience Inc., Tokyo, Japan) with 3,3-diaminobenzidine
(Nichirei Bioscience Inc.). The primary antibodies used
for the analysis are presented in Table 1. Antigen retrieval
was performed using citrate buffer (pH: 6.0). Sections were
incubated with 3% H,0O, for 5 min to reduce endogenous
peroxidase activity. The sections were incubated with pri-
mary antibodies overnight at 4°C. After being washed with
phosphate-buffered saline and Tween 20, the sections were
incubated with MAX-PO polymer solution (Nichirei Bio-
science Inc.) for 30 min at room temperature. The sections
were lightly counterstained with Mayer’s hematoxylin. To
examined the involvement of pathogens in this condition,
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polymerase chain reaction (PCR) targeting intranuclear in-
clusion bodies of several viral forms was conducted. Total
DNA was extracted from formalin-fixed paraffin-embedded
(FFPE) tissue using a Nucleospin tissue kit (Macherey-Na-
gel GmbH & Co., Duren, Germany) following the manu-
facture’s instructions. The consensus primer sets and target
gene fragments used for the detection of papillomavirus
(MYO09/11) and herpesvirus (DFA/KGI1) are listed in Ta-
ble 22.3. The primer sets for parvovirus (NSshort F/R) and
adenovirus (pVIIshort F/R) were designed using Primer-
BLAST. The position of NSshort F/R was 1962-2041 in ca-
nine parvovirus (GenBank ID: M19296). The positions of
pVllshort F/R were 14010-14079 in canine adenovirus type
1 (GenBank ID: Y07760) and 14116-14185 in canine adeno-
virus type 2 (GenBank ID: U77082). The canine Cp gene
(constant region of IgM, 133bp) was used for internal con-
trol4. DNA extracts from the FFPE tissues of natural cases
(papillomavirus, bovine viral papilloma, parvovirus, canine
parvoviral enteritis, adenovirus, infectious canine hepatitis,
herpesvirus, and gammaherpesviral balanitis in a stranded
striped dolphin) were used as positive controls for PCR.
EmeraldAmp (Takara Bio Inc., Shiga, Japan) was used for
DNA amplification. The thermocycling profile was as fol-
lows: initial denaturation at 98 °C for 2 min, followed by 45
cycles of denaturation at 98°C for 10 s, annealing at 55°C
for 30 s, and elongation at 72°C for 30 s. All PCR products
were electrophoresed on 3% agarose gel. For ultrastructural
examination, formalin-fixed tissues were cut into 1-mm3
specimens and postfixed in 2.5% glutaraldehyde and 1%

Table 1. Antibodies for Immunohistochemistry

osmium tetroxide. After the dehydration steps, the speci-
mens were embedded in LR white resin (Polysciences Inc.,
Warrington, PA, USA). Ultra-thin sections (70 nm) were cut
and examined using a transmission electron microscope (H-
7700, Hitachi, Tokyo, Japan).

On gross exammination, the ear canal was firm and
the lumen was constricted. The ear auricle showed papillary
thickening and calcification. Histologically, severe diffuse
hyperplasia of the epidermis was observed in the ear canal.
Proliferation of the sebaceous glands, ceruminous glands,
and connective tissue and moderate to severe diffuse infil-
tration of lymphocytes and plasma cells were observed in
the dermis. The ceruminous glands were dilated and filled
with foamy macrophages, neutrophils, desquamated epi-
thelia, and cell debris (Fig. 1A). Brown pigment granules
were deposited in the acinar cells and cytoplasm of mac-
rophages. Although cellular polarity seemed to be main-
tained, ceruminous gland epithelia had proliferated on the
luminal side. No vascular invasion, infiltrative growth over
the basement membrane, nuclear atypia, or mitosis was ob-
served. IHC revealed few positive reactions for Ki-67 (3.4%)
and proliferating cell nuclear antigen (16.7%) in the acinar
cells. On the other hand, some of the acinar cells exhibited
a swollen nucleus with intranuclear inclusion bodies that
were morphologically similar to the full-type (pale, ground-
glass-like) and Cowdry type A (eosinophilic, defined with
halo) inclusion bodies (Fig. 1B). The inclusions assumed an
orange-to-red appearance following staining with Masson’s
trichrome (Fig. 1C). However, they were negative for PAS

Antibody  Clone Maker Dilution Antigen retrieval Positive control
Ki-67 MIB-1 DAKO ready to use Microwave 93°C 15 min 0.01M citrate buffer (pH 6.0) proliferated cells
PCNA PCI10 Nichirei Biosciences ready to use Microwave 93°C 15 min 0.01M citrate buffer (pH 6.0) proliferated cells
CK AE1/AE3 DAKO 1:200 Microwave 93°C 15 min 0.01M citrate buffer (pH 6.0) epithelial cells

LC3 PMO036 MBL 1:1000 Microwave 93°C 15 min 0.01M citrate buffer (pH 6.0) (aggregated protein)
Ubiquitin = Z0458 DAKO 1:100 Microwave 93°C 15 min 0.01M citrate buffer (pH 6.0) (aggregated protein)
HSP70 BRM-22 SIGMA 1:4000 Microwave 93°C 15 min 0.01M citrate buffer (pH 6.0) ceruminous gland

epithelia, sebaseous gland
epithelia (cytoplasm),
epidermis (granular cell
and prickle cell layer)

Table 2. Primer List for Viral Polymerase Chain Reaction Test

Virus Primer Sequence (5°-3”)
Paillomavir Forword CGTCCMARRGGAWCTGATC
apriomavirus Reverse GCMCAGGWCATAAYAATGG
. Forword ACTGGGCGGAGCCTAAAATAC
Parvovirus
Reverse AGGATTGCTTGCCGCTTGTG
Ad . Forword AGGCACTCACAAGCTATTTGG
cnovirus Reverse GTGAGCTTGGACATAAACGGG
. Forword GAYTTYGCNAGYYTNTAYCC
Herpesvirus
Reverse GTCTTGCTCACCAGNTCNACNCCYTT
Control gene (Canine Cy) Forword TTCCCCCTCATCACCTGTGA
ontrot gene W Reverse GGTTGTTGATTGCACTGAGG
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reaction, Feulgen reaction, and methyl green-pyronin stain.
IHC revealed that the inclusions were positive for HSP70,
whereas the ceruminous gland epithelia (with or without in-
clusion bodies), sebaceous gland epithelia, granular cell lay-
er, and prickle cell layer of the epidermis were also weakly
positive for HSP70 (Fig. 1D). The inclusions were negative
for other antibodies (CK, LC3, and ubiquitin). PCR assays
targeting adenovirus, parvovirus, herpesvirus, and papil-
lomavirus were performed, but no positive amplifications
were detected. Electron microscopy revealed that Cowdry
type A inclusion bodies consisted of non-branching fibrillar
components approximately 10 nm in width (Fig. 2A). In the
swollen nucleus with full-type inclusion bodies, the nucleo-
plasm was scattered and fibrillar components, cytoplasmic
matrix, and virus particles were not observed (Fig. 2B).
Intranuclear inclusion bodies are categorized as viral

or non-viral. Viral intranuclear inclusions are formed fol-
lowing infection by foreign viruses. Non-viral intranuclear
inclusions are formed by nuclear membrane invagination or
abnormal protein storage. The prominent viruses that form
intranuclear inclusion bodies in dogs include papillomavi-
rus, herpesvirus, parvovirus, adenovirus, and polyomavi-
rus. Initially, we suspected that these viruses were involved
in the lesion from the present case. We investigated the
possibility of infection with papillomavirus, herpesvirus,
parvovirus, and adenovirus. However, the inclusion bodies
were negative for Feulgen reaction and PCR. Moreover, no
viral particles were observed under electron microscope.
Subsequently, we investigated the possibility of RNA virus
infection, but the inclusion bodies were negative for methyl
green-pyronin staining. These results suggested that the for-
mation of intranuclear inclusions was not due to viral infec-

Fig. 1. Histopathological features of the case.

(A) The ceruminous gland is ectatic and shows accumulation of foamy macrophages, neutrophils, shedding epithelia, and debris (hematoxylin-

eosin [HE) stain, bar=100 pm).

(B) High magnification of (A) shows intranuclear inclusion bodies. Full-type inclusions with ground-glass appearrence (arrowhead) and Cowdry
type A inclusions (arrow) with halos can be observed in the ceruminous gland epithelia (HE stain, bar=25 pm).
(C) Masson’s trichrome staining of the seruminous gland shows full-type inclusions in orange (arrowheads) and Cowdry type A inclusions in red

(arrows) (Masson’s trichrome stain, bar=50 pm)

(D) Immunohistochemistry of the ceruminous gland shows that full-type inclusions (arrowhead) and Cowdry type A inclusions (arrow) are
immunopositive for heat shock protein 70 (HSP70) (immunohistochemistry for HSP70, bar=50 um). Inset indicates Cowdry type A

inclusions (bar=20 pm).
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Fig. 2. Ultrastructure of the inclusion bodies.

(A) The Cowdry type A inclusion bodies exhibit non-brunching fibrillar components approximately 10 nm in width (bar=2.0 pm). No membra-
nous structure is observed around the fibrillar structure. There is no viral particle in the nucleus.
(B) Theswollen nucleus contains full-type inclusion bodies. The nucleoplasm is scattered and neither viral particle nor fibrillar components are

observed (bar=2.5 pm).
Arrow: nuclear membrane, N: nuclei; F: fibrillar components.

tions in the present case.

Non-viral intranuclear inclusions formed by nuclear
membrane invagination have been reported in tumors such
as papillary thyroid carcinoma’-8, mammary gland tumors,
and ductal adenoma’. The inclusion bodies in these cases
were defined as nuclear membranes. Nuclear invagina-
tion is a type of nuclear atypia. Therefore, neoplastic cells
sometimes have wrinkles and notches in the nucleus. In
the present case, there was no membranous structure at the
border between the inclusion bodies and the nucleoplasm.
Additionally, the acinar cells did not exhibit any wrinkles
or notches in the nuclear membrane. The inclusion bodies
were negative for cytokeratin and showed dyeability differ-
ent from that of cytoplasm for special stains. No intracel-
lular organelles were observed on ultrastructural examina-
tion. Based on these results, we ruled out the possibility of
nuclear membrane invagination.

Non-viral inclusions are also formed by protein shut-
tling from the cytosol to the nucleus. Some studies have
reported intranuclear storage of surfactant proteins in pul-
monary adenocarcinomas> % 19, immunoglobulin in lympho-
mas?’, and glycogen in degenerated hepatocytes#. In addition,
an in vitro study showed that an intranuclear filamentous
body was formed with HSP70 that translocated to the nucle-
us under heat-shock treatment in cultured rat fibroblasts!!.
Under stress conditions, multigene stress protein families
are upregulated and synthesized to avoid cellular damage
from various stressful stimuli such as heat stress, inflamma-
tion, and oxidative stress®. The HSP family is a major group
of stress proteins with molecular weights ranging from 28
to 110 kDa. The HSP family has the ability to protect cells
by binding to abnormal and degenerated proteins®. HSP70

is a chaperone molecule that acts as a central hub in pro-
teostasis, thereby assisting in protein folding. In humans,
HSP70 has 13 isoforms. Among these, three are expressed
in the cytosol/nucleus (HSPA1A, HSPAIB, and HSPAG),
one is expressed in the endoplasmic reticulum (HSPAS), and
two are expressed in undetermined location (HSPA12A and
HSPA12B). These six isoforms are inducible under stress
conditions!!. In humans, HSPA1 is weakly expressed in
the epidermis under physiological conditions, but its level
can be elevated in pathological conditions (well-examined
in tumor cases)!2. It has also been reported that HSP70 is
upregulated in canine cutaneous tumors and tumor-like re-
gions!3. In the present case, severe inflammation was ob-
served in the ceruminous glands. Moreover, the cytoplasm
and/or nucleus of the ceruminous gland epithelial cells were
weakly positive for HSP70 with or without inclusion bod-
ies. These findings suggested that the inclusion bodies in
the present case were formed by upregulation and protein
shuttling of HSP70 from the cytosol to the nucleus under
persistent inflammatory stress. There are very few reports
on intranuclear inclusions with HSP. We reported an atypi-
cal case of chronic otitis externa with non-viral intranuclear
inclusion bodies.
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