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Case Report

Lymphocytic thyroiditis with an oncocytic alteration in a laboratory

beagle
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Abstract: Histopathological, immunohistochemical, and ultrastructural characteristics of lymphocytic thyroiditis in an untreated
four-year-old male beagle were described. Histopathologically, the thyroid glands were composed of two distinct cell types: round to
oval cells with eosinophilic granular cytoplasm (Type A), which is consistent with the features of oncocytic oxyphils, and larger round
cells with amphophilic or pale cytoplasm (Type B). These cell types extensively and diffusely infiltrated with a mixture of lymphocytes
and plasma cells, destroying the follicular structure. Immunohistochemistry revealed that Type A cells were positive for thyroglobulin
and cytochrome C, and that Type B cells were positive for calcitonin, synaptophysin, and cytochrome C. These results indicate that
Type A and B cells stem from follicular and C cells, respectively. Ultrastructural investigation showed that microfollicles and microvilli
were evident in the cytoplasm and along the luminal surface of Type A cells. Thus, the lymphocytic thyroiditis observed in the beagle
exhibited a morphology similar to that of Hashimoto thyroiditis in humans, particularly in view of an oncocytic alteration of follicular

cells. (DOI: 10.1293/t0x.2024-0073; J Toxicol Pathol 2025; 38: 177-182)
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Hashimoto’s thyroiditis (HT) in humans is an auto-
immune disorder that ultimately leads to hypothyroidism,
which is histopathologically characterized by extensive
lymphoplasmacytic infiltration associated with germinal
centers, atrophic follicles, and Hiirthle cells (oncocytic
cells)l. Thyroid glands exhibit progressive functional fail-
ure due to the autoimmune destruction of follicles resulting
from a breakdown of self-tolerance to thyroid autoantigens!.

Lymphocytic thyroiditis (LT) in animal species is a
specific entity of disease that occurs spontaneously and ex-
perimentally. Several studies have demonstrated anti-thy-
roglobulin autoantibodies in the systemic circulation and
immunocomplex depositions at the basement membrane
of the follicular cells of the thyroid glands, suggesting an
underlying autoimmune mode of action for spontaneous LT
in animals2. LT can be induced by immunization with het-
erogeneous thyroglobulins in dogs, rats, rabbits, monkeys,
hamsters, and horses? 7. In beagles, LT is a common that
histologically resembles HT# 5. 8; however, oncocytic alter-
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ations in follicular cells have rarely been described. This
communication presents the histopathological, immunohis-
tochemical, and ultrastructural findings of LT accompanied
by oncocytic follicular cells in beagle dogs.

All procedures employed in this study were approved
by the Institutional Animal Care and Use Committee of the
Bozo Research Center, Inc. to comply with the concept of
Animal Welfare.

The present case was on a male TOYO beagle dog pur-
chased from Kitayama Labes Co., Ltd. (Yamaguchi, Japan)
at 5-month-old, and remained untreated until euthanized
at the age of 4 years in an individual stainless-steel cage
(900 mm width x 850 mm depth x 750 mm height, Shinetsu-
kanaami Corporation, Niigata, Japan) placed in a climate-
controlled animal room at 22 + 4°C; relative humidity, 55
+ 25%; air ventilation, 13—15 times/h and a 12-h light/dark
cycle. The animals were provided with commercially avail-
able pelleted chow (DS-A; Oriental Yeast Co., Ltd., Tokyo,
Japan) at a daily dose of 300 g with free access to tap water.
A ball (SHS Ball, Marshall Bioresources Japan Inc., Ibaraki,
Japan) and a stainless-steel chain (on the market) were of-
fered for environmental enrichment. The care and treatment
of the animal adhered to the recommendations outlined in
the Guide for the Care and Use of Laboratory Animals is-
sued by the Japanese Association for Laboratory Animal
Science and Standard Operating Procedures of the Bozo
Research Center, Inc.

The animal was euthanized at the age of 4 years for the
humane endpoints of anorexia in the prone position. A panel
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of hematology and biochemistry tests revealed decreases in
RBC, HGB, and HCT and increases in T-Cho. Anemia and
hypercholesterolemia are the likely signs of hypothyroid-
ism. In particular, the cholesterol level was elevated over
the last 1 year from 450 to 783 mg/dL, prior to euthanasia.
Other hematological and biochemical changes were inde-
pendent of thyroid function.

Following euthanasia, the animals were necropsied and
organs, including the thyroid glands, were sampled, fixed
in neutrally buffered 10% formalin, embedded in paraffin,
sectioned, and stained with hematoxylin and eosin (HE) for
histopathology. The thyroid sections were subjected to fur-
ther evaluation with periodic acid-Schiff (PAS) reaction, pe-
riodic acid methenamine silver (PAM), Masson’s trichrome
(MT) staining, immunohistochemistry (IHC) using primary
antibodies listed in Table 1 either by a Vectastain Elite ABC
Kit (Vector Laboratories Inc., Burlingame, CA, USA) or
an EnVision+ System-HRP Labelled Polymer Kit (Agilent
Technologies, Santa Clara, CA, USA)? and electron micros-

Table 1. Primary Antibodies Used for Immunohistochemistry

copy on a formalin-fixed tissue by a JEM-1400 transmission
electron microscope (JEOL Ltd., Tokyo, Japan) at 80 kV in
accordance with the method of Widéhn et al'.

No gross pathological findings were evident in the
thyroid glands at necropsy, and the cause of morbidity was
unclear. Histopathology revealed LT accompanied by onco-
cytic alterations in follicular cells. The thyroid glands were
extensively and diffusely infiltrated with inflammatory
cells, primarily lymphocytes and plasma cells (Fig. 1A, 1 B).
These lymphocytes were positive for CD3 and CD20, with
the latter being predominant, indicating prominent B cell
infiltration (Fig. 1C, 1D). MT staining revealed numerous
collagen bundles crisscrossing the thyroid glands (Fig. 1E).
The follicles were considerably destroyed by lymphocytic
infiltration, leaving a few intact follicles lined with cuboidal
and hypertrophic epithelial cells (Fig. 1F), and containing
exfoliated epithelia and inflammatory cells in the lumen.
The colloid was positive to PAS (Fig. 1G).

The affected thyroid glands contained clusters consist-

Antibody Clonality (clone) Host rt?rtilegve; Source Dilution
CD3 Poly Rabbit AC, CB Agilent Technologies (Santa Clara, CA, USA) Ready-to-use
CD20 Poly Rabbit - Life Technologies (Carlsbad, CA, USA) 1:400
Thyroglobulin Poly Rabbit AC, CB Agilent Technologies (Santa Clara, CA, USA) 1:6000
Calcitonin Poly Rabbit MW, CB  Abcam (Cambridge, UK) Ready-to-use
Synaptophysin ~ Mono (DAK-SYNAP)  Mouse AC, TRS  Agilent Technologies (Santa Clara, CA, USA) 1:500

Ki-67 Mono (MIB-1) Mouse MW, CB  Agilent Technologies (Santa Clara, CA, USA) Ready-to-use
Cytochrome C Mono (A-8) Equine AC, CB Santa Cruz Biotechnology (Santa Cruz, CA, USA)  1:100

AC: autoclave, 121°C, 10 min; CB: citrate buffer (pH 6.0); MW: microwave, 90°C, 10 min; TRS: Target Retrieval Solution (pH 9.0, Agilent

Technologies).

Fig. 1. Histopathological features of the thyroid glands in beagles. (A) The thyroid was replaced by eosinophilic cellular clusters, accompanied
by lymphoplasmacytic infiltration. Few normal choroidal-filled follicles. HE. (B) Eosinophilic cellular clusters and lymphoplasma in-
filtration. HE. (C) CD3-positive T cells. Immunostaining for CD3. (D) CD20-positive B cells. Immunostaining for CD20. (E) Abundant
collagen bundles crisscrossing the thyroid gland. MT. (F) The remaining follicles are lined with cuboidal and hypertrophic epithelial
cells. HE. (G) Colloids in the remaining follicles. PAS reaction. (H) Two cell types, Type A (arrowheads) and Type B (arrows). HE.
Bars=1,000 pm (A), 250 um (B, C, D, E), 100 um (H) and 50 pm (F, G).
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ing of two distinct cell types: round to oval cells with eosin-
ophilic granular cytoplasm (Type A) and larger round cells
with amphophilic or pale cytoplasm (Type B) (Figs. 1H, 2).
Type A clusters comprise approximately 60% of all lesions.
The THC results are summarized in Table 2, and cells posi-
tive for each IHC marker are shown in Fig. 3. Both the cell
types were randomly distributed across the thyroid gland
(Fig. 4).

Type A clusters were composed of round to oval cells
(Fig. 2A-2D). The cytoplasm was abundant, eosinophilic,
and often granular with hyperchromatic nuclei and con-
tained vacuoles that were positive for the PAS reaction
(Fig. 2A, 2B). Each cell lacked polarity, gathered in the
form of a densely compact cellular mass encircled by thick
collagen bands and was subdivided into small nests of fine
collagen fibers (Fig. 2C). The basement membrane formed
around the compact cellular mass (Fig. 2D), and lympho-
plasmacytic infiltration was prominent around and within
the clusters. Type A cells were strongly positive for thyro-
globulin (Fig. 3A) but negative for calcitonin or synaptophy-
sin (Fig. 3E, 3I). These IHC results were consistent with the
remaining intact follicles (Fig. 3C, 3G, and 3K), although

thyroglobulin staining was more intense in the present case
than in healthy beagles (Fig. 3D).

Ultrastructural findings of Type A cells demonstrated
microvilli along the luminal surface and small intracytoplas-
mic microfollicles that correlated with the vacuolation of HE
sections. These are also the morphological characteristics of
the follicular cells (Fig. 5A). Based on these findings, Type-
A cells are thought to originate from follicular cells. A few
cells positive for calcitonin and synaptophysin (Fig. 3E, 3I)
in Type A clusters were considered C cells that were left un-
affected. Notably, some Type A cells were strongly positive
for cytochrome C, a well-known mitochondrial marker!!, in-
dicating that abundant mitochondria were present in the cy-
toplasm (Fig. 3M). The follicular cells of the healthy beagles
were negative for cytochrome C (Fig. 3P). Ultrastructural
investigations failed to demonstrate mitochondria in Type A
cells because of the poor quality of the samples.

Type B cells formed small nests that gathered to form
large clusters (Fig. 2E-2H). The cytoplasm was pale or
amphophilic (Fig. 2E). They were negative for PAS stain-
ing (Fig. 2F), and collagen fibers and basement membrane
surrounded each nest (Fig. 2G and 2H). IHC revealed that

Fig. 2. Histopathological features of clusters of the two cell types in beagle dogs. Type A (A-D) and Type B (E-H) were stained with HE, PAS,
MT, and PAM in order from the left. Type A cells had vacuoles (Fig. 4. A, arrowheads), and the vacuoles were positive for PAS staining
(Fig.4. B, arrowheads). Inset in photograph A: Eosinophilic granular cells with hyperchromatic nuclei. Bars=50 um.

Table 2. Immunohistochemical Reactivity of Each Thyroid Gland Component

Remaining Corresponding normal thyroid of
follicles

1-year old male beagle dog

Antibody Type A  Type B
Thyroglobulin ++ -
Calcitonin - ++
Synaptophysin =¥ ++
Ki-67 - -
Cytochrome C  +to ++ +

-to+

+ + (follicular cells)
- ++ (C-cells)
- ++ (C-cells)

+ (C-cells)

Positive intensity: —: negative; +: slighly; +: moderate; ++: strongly.
*A few positive cells judged remaining C-cells were present in the aggregation.
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Fig. 3. Immunohistochemistry of thyroglobulin (A-D), calcitonin (E-H), synaptophysin (I-L), cytochrome C (M—P), and Ki-67 (Q-T) for Type
A, Type B, remaining follicles, and a normal thyroid (a 1-year-old male beagle), respectively. Bars=50 pm.

Type B cells were negative for thyroglobulin (Fig. 3B) and
positive for calcitonin and synaptophysin (Figs. 3F, 3J), sug-
gesting that they stemmed from C cells. This notion was
supported by weakly positive staining for cytochrome C
(Fig. 3N) and a number of secretory granules ranging from
approximately to 100200 nm in diameter, which is consis-
tent with C-cells in beagle dogs on ultrastructural examina-
tion (Fig. 3P, Fig. 5B).

Proliferative potential was unlikely in both cell types

based on low positive indices of Ki-67, as in normal thyroid
tissue (Fig. 3Q, 3R, 3T).

Persistent high serum levels of T-Cho, mild anemia,
and atherosclerotic lesions in the arteries of several organs
are sequelae of hypothyroidism in humans as a result of the
inhibition of lipid metabolism and erythropoietin produc-
tion!. Similarly, a correlation exists between LT and hypo-
thyroidism associated with subsequent symptoms in beagle
dogs!2-14, and the clinical signs of hypothyroidism are pre-
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Thyroglobulin

Fig. 4. Immunohistochemistry of thyroglobulin for Type A synaptophysin for Type B. Type A accounted for approximately 60% of lesions in

all clusters. Bars=2 mm.

Fig. 5. Electron microscopy. (A) Intracytoplasmic microfollicles (MF) and microvilli (arrowheads) along the luminal surface in Type A. (B) No
colloid droplets were reabsorbed in the epithelial cells of the remaining follicle (RF). The number of secretory granules in Type B cells
was consistent with that in type C cells. The inset shows a high-magnification view of the secretory granules. Bars=2 pm (A), 10 um (B).

ceded by a severe degree of LT!2. Longstanding and signifi-
cant LT most likely led to the development of hypothyroid-
ism in this case of beagle.

The thyroid glands were damaged by extensive lym-
phoplasmacytic infiltration, leading to fibrosis and destruc-
tion of normal architecture. Only a few follicles with hy-
pertrophic epithelium and a small number of C cell clusters
remained unaffected. These histological features are consis-
tent with the findings reported for LT in dogs? 4. 12. Compact
cellular regions of C-cells or admixtures of C- and follicular
cells have been reported in beagles with LT and hypothy-
roidism!2 as was observed in Type B clusters in the pres-
ent case, whereas an oncocytic follicular alteration noted in
Type A clusters is likely infrequent in the LT of beagles.
Oncocytes are recognized as one of four histological indica-
tors of HT in humans. They include extensive infiltration of
lymphocytes and plasma cells, often with germinal centers;
destruction and atrophy of the follicular structure; intersti-
tial fibrosis; oncocytes characterized by abundant eosino-
philic and granular cytoplasm; and a large, hyperchromatic
nucleus with prominent nucleolil: 15. 16, Based on morpho-

logical similarities and a positive reaction to cytochrome
C, eosinophilic granular cells consisting of Type A clusters
are considered to represent the human counterparts of onco-
cytic oxyphils.

However, the pathogenesis underlying oncocyte de-
velopment remains unknown. MT and PAM staining indi-
cated that the affected thyroid glands were compartmental-
ized into groups of cells by collagen fibers and/or basement
membrane. Thus, oncocytes may develop through a process
in which the thyroid follicles first collapse due to lympho-
cytic infiltration, degenerative and regenerative follicular
cells come into close contact, and are encased by reactive
proliferative collagen bundles or the basement membrane;
finally, these cells transform into oncocytes mediated by a
metaplastic response. Microfollicles demonstrated by elec-
tron microscopy in Type A cells are indicative of follicular
cell in LT in dogs8. Enlarged follicular cells are thought to
develop through a metaplastic response to injury, resulting
from the accumulation of altered mitochondrial.

Both Type A and B cells are unlikely to be neoplastic
or preneoplastic based on the low Ki-67 positive index com-
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parative to normal thyroid tissues, together with the fact that
two distinct cell types comprise the lesion.

Only a few reports have described LT, developing eo-
sinophilic granular cells in dogss; however, neither immu-
nohistochemical nor ultrastructural analyses have been con-
ducted on these cells, and cell clusters consisting of altered
follicular cells have not been recognized. The present report
details the LT in a dog, elucidates the similarity between LT
in dogs and HT in humans, and provides additional informa-
tion on background lesions in dogs, thereby contributing to
further research on thyroid disease in humans.
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