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Case Report

Spontaneous bilateral thyroid follicular cell carcinoma (subtype:
compact cellular carcinoma) with C-cell complexes in a male beagle

Shingo Miyazaki!*, Takashi Ogawa!, Tomoya Onozato!, Yuji Okuhara!, Tatsuya Nagasawa!, and
Morimichi Hayashi!

I Safety Research Laboratory, Kissei Pharmaceutical Co., Ltd., 2320-1 Maki, Hotaka, Azumino, Nagano 399-8305, Japan

Abstract: We report the features of spontaneous bilateral thyroid follicular cell carcinoma in a 10-year-old male beagle. Necropsy re-
vealed bilateral masses on the trachea, corresponding to the left and right sides of the thyroid gland. The masses were elastic, encapsu-
lated, and distinct, with no connecting tumor tissues between them. Histologically, the tumor cells exhibited a predominant sheet-like
growth pattern in both masses, and small follicular structures containing colloids were observed. Immunohistochemically, >50% of
the tumor cells were positive for thyroglobulin. In the sheet-like growth area, all tumor cells were positive for cytokeratin and approxi-
mately 50% of them were positive for vimentin. The tumor cells were negative for calcitonin and parathormone. Electron microscopy
of the tumor cells revealed colloid droplets and lysosomes in the cytoplasm, which are characteristics of follicular cells of the thyroid
gland, although they were abnormally shaped and smaller in size compared to the normal cells. Many calcitonin-positive C cells were
observed in the nodule area without a capsule in the left mass and were scattered within the tumor in the right mass. C cells were found
individually and were negative for Ki-67 expression. Therefore, each of these cells was deemed to be derived from an individual C-cell
complex. Based on these morphological features, the tumor was diagnosed as spontaneous bilateral thyroid follicular cell carcinoma of
the compact cellular carcinoma subtype. This is the first report of electron microscopic findings and co-expression of cytokeratin and

vimentin in thyroid follicular cell carcinoma in beagles. (DOI: 10.1293/t0x.2024-0072; J Toxicol Pathol 2025; 38: 83-91)
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Thyroid tumors account for 1.1% of all tumors in dogs,
of which 90% are diagnosed as malignant!. Ninety percent
of cases occur in dogs aged 7 years or older, and the inci-
dence is reported to be higher in beagles than in other dog
breeds!: 2. The number of cases where they occur bilaterally
ranges from 20% to 60%3:4. Despite its high incidence, there
are few reports on the histological, immunohistochemical,
and ultrastructural features of bilateral thyroid carcinoma
in beagles. In addition, among thyroid tumors, it is often
difficult to differentiate follicular cell carcinoma of compact
cellular (solid) carcinoma subtype, C-cell (medullary) carci-
nomas, and parathyroid carcinomas using the HE staining
technique alone because they have similar cell morpholo-
gies and sheet-like growth patterns. Therefore, immuno-
histochemical examination is often required to distinguish
these tumors!-7.

Herein, we report the histological, immunohistochemi-
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cal, and ultrastructural features of spontaneous bilateral
thyroid follicular cell carcinoma of the compact cellular car-
cinoma subtype in a 10-year-old male beagle. In this case,
it was difficult to differentiate the tumors from the C-cell
carcinomas because of the presence of many calcitonin-pos-
itive C cells, which were deemed to be derived from existing
C-cell complexes.

A male beagle was obtained from Marshall BioRe-
sources (North Rose, NY, USA) for new drug candidate
evaluations conducted in compliance with our institutional
guidelines, which conform to the Guide for the Care and
Use of Laboratory Animals (Eighth Edition) and current
Japanese regulations. All experiments were approved by the
Laboratory Animal Care and Use Committee of the Cen-
tral Research Laboratory, Kissei Pharmaceutical Co., Ltd.
This animal has been used in several drug studies, none of
which have been considered to cause thyroid carcinoma.
The animal was euthanized and necropsied at 10 years of
age because of hematuria and decreased activity. Necropsy
revealed bilateral masses (left: 35 x 32 x 20 mm; right: 40
x 30 x 28 mm) on the left and right sides of the trachea,
corresponding to the thyroid glands. Both the masses were
elastic and covered in a capsule with no bilateral continuity.
The cut surfaces of both formalin-fixed masses were gray-
ish-white to yellowish-brown and were partially demarcated
by connective tissue (Fig. 1). The time of occurrence of the
masses was unknown because the neck was not palpated
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while the animal was alive. Both masses were fixed in 10%
phosphate-buffered formalin, embedded in paraffin, cut into
3 pm sections, and stained with hematoxylin-eosin (HE)
for microscopic examination. Pathological examination of
other organs revealed urothelial carcinoma of the bladder,
which was determined to be the cause of hematuria. Blood
and genetic tests were not performed during necropsy. Ad-
ditional histochemical staining, including direct fast scar-
let for amyloid and Masson’s trichrome (MT) staining, was
performed. Immunohistochemical staining was performed
using the EnVision™ + Dual Link System-HRP kit (Dako
A/S, Glostrup, Denmark) and antibodies against thyro-
globulin, calcitonin, parathormone, cytokeratin AEI1/AE3
(CK), vimentin, and Ki-67. The sources and clones of these
antibodies and the results of immunohistochemical stain-
ing are shown in Table 1. For electron microscopy, pieces
of formalin-fixed tissue from both tumors were immersed
in half-strength Karnovsky’s solution and fixed using 1%
osmium tetroxide. Ultrathin sections were stained with
uranyl acetate and lead citrate and evaporated with carbon.

Fig. 1. Cross-sectional gross appearance of the formalin-fixed gray-
ish-white to yellowish-brown masses in the left (L) and right
(R) lobes of the thyroid gland in a male beagle.

Table 1. Immunohistochemistry Antibodies and Results of Staining

In addition, the thyroid gland of an untreated normal male
4-year-old beagle, previously kept at the same facility, was
prepared in the same manner as the control specimen. The
specimens were observed using a transmission electron mi-
croscope (JEM-1400Flash, JEOL Ltd., Tokyo, Japan).

The left and right masses were both tumors and showed
common characteristics but had different histological fea-
tures (Figs. 2 and 3). The left tumor was covered in a thick
fibrous capsule and consisted of a broad central area and
adjacent nodular areas which were divided by fibrous tis-
sue (Fig. 2a). No normal thyroid follicles were observed
and most of the tissue was replaced with tumor cells. The
growth pattern of the tumor cells was predominantly sheet-
like with fibrous tissue and microvessels running between
them (Fig. 2b). Small follicular structures with eosinophilic
colloid-like substances were observed in the lumen in some
areas (Fig. 2c). The tumor cells were pleomorphic with
well-defined to slightly indistinct cell borders and broad
and weakly eosinophilic foamy cytoplasm. The nuclei were
round to oval in shape with poor chromatin content and
many contained a single distinct nucleolus. In addition, one
nodular area was not covered with a capsule and contained
many single C cells with eosinophilic and fine granular
cytoplasm (Fig. 2d). In the parathyroid gland at the tumor
margin, the tumor cells infiltrated and proliferated in the
center, and normal parathyroid cells were compressed at the
periphery.

Similar to the left tumor, the right tumor was covered
in a thick fibrous capsule and normal large follicles were
replaced by tumor cells (Fig. 3a). Many large blood vessels
were also observed. There were dense areas with sheet-like
areas or cords of tumor cells similar to the left tumor and
sparse areas in which tumor cells formed small follicles
or island-like nests with abundant weakly eosinophilic fi-
bers or mucus-like material and microvessels in the stroma
(Fig. 3b and 3c). In the dense area, the morphological fea-
tures of the tumor cells were similar to those of the left tu-

Antigen Results
Antibody Manufacturer Ho;t Clonality Dilution ratio retrieval method Tumor cells Parathyroid
species (clone name) (treatment Sheet-like  Follicle  C cells i
solution) cells
growth area growth area
Thyroglobulin Dako Rabbit  Polyclonal Readytouse Notapplicable +++—— +++ - -
(2H11)
Calcitonin NOVUS Rabbit  Monoclonal 1:500 - - +++ -
(SP17)
Parathormone Abcam Mouse Monoclonal 1:500 - - - +++
(D1.1) Microwave,
Cytokeratin AE1/AE3 Dako Mouse Monoclonal Ready to use 15 min At —+ +++ +++ +
(AE1/AE3) (Dako Target
Vimentin Dako Mouse Monoclonal Ready to use retrieval ++—— - - -
(V9) Solution )
Ki-67 Abcam Rabbit Monoclonal 1:500 - - - -
(SP6) Only a few
cells: +++

Immunohistochemical staining intensity: negative (—), slightly positive (1), and strongly positive (+++).
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mor, but some tumor cells were larger and had a slightly
clearer cytoplasm (Fig. 3d). No parathyroid cells were ob-
served in the right tumor in the sections examined in this
study. In the dense area, C cells were scattered over a wide
area (Fig. 3e). Red blood cells were also observed in sparse
areas. Capsular and vascular invasion was observed in both
the left and right tumors, but almost no mitotic figures were
observed in the tumor cells.

In this case, bilateral masses were observed but there
was no bilateral continuity. On histopathological examina-
tion, it was impossible to determine whether the tumor was
primary or metastatic. Considering that the tumors were
bilateral, the pituitary gland may have been affected; how-
ever, we did not have a pituitary gland specimen from this
animal to confirm this. Although capsular and vascular in-
filtration was observed, no metastasis was observed, even
in the lungs, which are the most common metastatic organs.
Therefore, the metastatic potential was low, and together
with the lack of bilateral continuity, the left and right tumors
were likely to have occurred separately.

a

The results of direct fast scarlet staining for amyloid,
MT staining, and immunostaining were similar for both
the left and right tumors (Table 1). Immunostaining showed
that the tumor cells in the follicular island-like growth area
and most of the tumor cells in the sheet-like growth area
were positive for thyroglobulin, whereas the tumor cells
in the center of the sheet-like area and those with a large
and partially clear cytoplasm in the right tumor were nega-
tive (Fig. 4a, 4b, and 4c). Tumor cells in the sheet-like area
were positive for cytokeratin AEI/AE3 and approximately
50% were positive for vimentin (Fig. 5a and 5c). Tumor
cells that formed small follicles in the right tumor were
positive for cytokeratin AEI/AE3, but negative for vimentin
(Fig. 5b and 5d). Microvessels and fibroblasts in the stroma
were also positive for vimentin. The C cells were positive
for calcitonin (Fig. 6), and the parathyroid cells in the left
tumor were positive for parathormone. Only a few tumor
cells were positive, and C cells were negative for Ki-67 in
both the tumors. MT staining revealed that colloids formed
by small follicular tumor cells were stained blue to red, stro-
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Fig. 2. Histological appearance of the left tumor. a) Loupe image of the left tumor. The left mass was covered with a thick fibrous capsule.
However, no capsule was observed in the nodule area indicated by the arrow. In the parathyroid gland indicated by the arrowhead, the
tumor cells had infiltrated and proliferated in the center, and the normal parathyroid cells were compressed at the periphery. b) Sheet-
like growth area. c) Follicular growth area. d) C cells in a sheet-like growth area surrounded by the square indicated in (a). HE staining.

Bars=2 mm (a) and 25 um (b, c, and d).
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Fig. 3. Histological appearance of the right tumor. a) Loupe image of the right tumor. The right mass was covered with a thick fibrous capsule. b
and c) Follicular and island-like growth areas with abundant weak eosinophilic fibers or mucus-like materials. d) Sheet-like growth area.
The tumor cells are large and have partially clear cytoplasm. e) C cells in a sheet-like growth area surrounded by the square indicated in
(a). They were scattered over a wide area. HE staining. Bars=3 mm (a) and 25 pm (b, c, d, and e).

mal fibers were stained blue, and fibers or myxoid material
in sparse areas of the right tumor were stained pale blue
(Fig. 4d). Amyloid staining results were negative.

Electron microscopy revealed colloid droplets and ly-
sosomes in the cytoplasm of tumor cells, which are char-
acteristic of follicular cells of the thyroid glands, although
they were irregularly shaped or small compared to those in

the normal cells (Fig. 7)8.9. Colloid droplets and lysosomes
were also observed in thyroglobulin-negative tumor cells
with a large and partially clear cytoplasm (Fig. 7e and 7f).
In this case, it was difficult to differentiate the tumors
from C-cell carcinoma because of the presence of many cal-
citonin-positive C cells in one nodule in the left tumor and
relatively extensive C cells in the right tumor (Fig. 6). These
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Fig. 4. Immunohistochemical staining for thyroglobulin (a—c) and MT (d) staining. a and ¢) Left tumor. b and d) Right tumor. Tumor cells were
positive for thyroglobulin in the follicular (a) and island-like (b) growth areas, but were negative in the central sheet-like growth area
(c). d) MT staining showed blue to red colloids in the follicular growth area and pale blue fibrous or plasma components in the stroma.

Bars=100 pm (a) and 50 pm (b, c, and d).

C cells were deemed to be derived from the existing C-cell
complexes. The C-cell complex in dogs is an aggregate of
many C cells derived from ultimobranchial bodies aris-
ing from the fourth pharyngeal pouch, follicular cells, and
undifferentiated epithelial cells at various developmental
stagesl0. Such complexes can be observed in intra- and ex-
tra-thyroidal tissue with no fibrous capsule near parathyroid
gland IV in approximately 65% of dogs!?-13. In this case, all
C cells in both tumors were solitary without forming clus-
ters and were negative for Ki-67; therefore, we considered
them to be C cells rather than tumor cells. Furthermore, the
fact that the C cells in the left tumor were mainly observed
in one nodule that did not have a capsule and was separated
from the main tumor region suggested that they were C-
cell complexes (Fig. 2a). However, the calcitonin-positive C
cells in the tumor were well differentiated and considered
distinct from the C-cell complexes, which are aggregates of
C cells at various developmental stages and undifferentiated
epithelial cells. However, considering that the differentia-

tion of both follicular cells and C cells in the C-cell com-
plexes progresses with age and that this animal was 10 years
old, was not inconsistent with our conclusion. With respect
to the thyroglobulin-positive cells in one nodule without a
capsule in the left tumor, we considered that the tumor cells
had infiltrated the C-cell complexes because their morphol-
ogy was undifferentiated, and almost no follicular structure
was observed. In the right tumor, unlike the left tumor, C
cells were widely observed in the sheet-like growth area.
We considered three possible reasons for this: dispersion of
C-cell complexes due to tumor cell infiltration, the presence
of multiple C-cell complexes, and the tumor derived from a
C-cell complexs. However, it was difficult to determine why
C cells were present in the sheet-like areas. Due to the pres-
ence of many C cells, mixed medullary-follicular thyroid
carcinoma (MMFTC) was also considered. However, the
diagnosis of MMFTC requires both follicular and C cells;
therefore, MMFTC was ruled out because no proliferation
of C cells was observed!.2.5. 14-16,
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Fig. 5. Immunohistochemical staining for cytokeratin AE1/AE3 (a and b) and vimentin (¢ and d). a and ¢) Left tumor. Tumor cells in the sheet-
like growth area were positive for both cytokeratin AEI/AE3 and vimentin. b and d) Right tumor. Tumor cells in the follicular growth
area were positive for cytokeratin AEI/AE3 but negative for vimentin. Stromal microvessels were positive for vimentin. Bars=100 um (a

and ¢) and 50 um (b and d).

The tumor cells in the sheet-like growth area were pos-
itive for CK and approximately 50% of them were positive
for vimentin. Vimentin filaments in thyroid follicular cells
may participate in thyroglobulin synthesis and folliculogen-
esis!0. It has been reported that the expression of vimentin
in follicular cells is positive in immature follicular cells that
do not form follicles, small follicles, or follicular cells that
do not have colloids in the lumen, but negative in typical
follicular cells that form expanded follicles and contain col-
loids!0: 12. Concerning the expression of CK and vimentin
in thyroid carcinoma, it has been reported that vimentin is
expressed in dogs and both are expressed in humans!’. 18. In
this case, the tumor cells maintained intercellular junctions
and showed a sheet-like growth pattern; no spindle-shaped
tumor cells were observed. Therefore, vimentin positivity
was deemed to be a characteristic of the thyroid gland rather
than an epithelial-mesenchymal transition in carcinoma.
Considering the vimentin positivity of normal follicular
cells, we expected that the tumor cells forming small fol-

licles in this case would also be positive for vimentin. How-
ever, the tumor cells were positive for CK, but negative for
vimentin. Therefore, these cells may also be derived from
tumor cells rather than from the existing thyroid tissue.
The fibrous or myxoid material in the right tumor was
stained for amyloid, which is frequently observed in C-cell
carcinoma2 5-7. However, MT and amyloid staining revealed
that these were not amyloids but fibrous or plasma compo-
nents. Follicular cell carcinoma may be accompanied by
abundant fibrotic components, which was consistent with
this cases. Since red blood cells were also observed at the
same site, these lesion areas may have been edematous be-
cause of the extravasation of fibrin and plasma components.
In the present case, tumor masses were found in ar-
eas corresponding to the thyroid glands on the left and right
sides of the trachea. The gross features of both tumors were
similar; however, their histological features differed. The tu-
mor cells in the left tumor showed a predominant sheet-like
growth pattern, while those in the right tumor were charac-
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Fig. 6. Immunohistochemical staining for calcitonin. a and b) Loupe image of the left and right tumors. ¢ and d) High magnification of the areas
surrounded by squares in (a) and (b). C cells were positive for calcitonin and each C cell existed singly without forming clusters in both

tumors. Bars=3 mm (a and b) and 50 pm (c and d).

terized by dense areas with sheet-like growth of tumor cells,
as in the left tumor, and sparse areas in which tumor cells
formed small island-like nests or small follicles with abun-
dant weak eosinophilic fibers or mucus-like material and
microvessels in the stroma. Both tumors were diagnosed as
malignant because of their capsular or vascular infiltration,
although the degree of cellular atypia was relatively mild
and mitotic figures were rarely observed. Immunostaining
used to distinguish C-cell (medullary) carcinomas from
parathyroid carcinomas, which are also characterized by
a sheet-like growth pattern, demonstrated that most of the
tumor cells in the sheet-like growth area in both tumors, as
well as the tumor cells forming small follicles, were posi-
tive for thyroglobulin and negative for calcitonin and para-
thormone. Therefore, the tumor cells were determined to be
derived from follicular cells of the thyroid gland. Although
many thyroglobulin-negative cells were observed in the
center of the sheet-like growth areas in both tumors, immu-
nostaining for thyroglobulin has been reported to be weak
in the compact cellular type of follicular cell carcinoma, and

negative cases have also been reported?. 5. 7. 19,

In conclusion, based on immunohistochemical stain-
ing, ultrastructural results, and the predominance of sheet-
like growth areas in both tumors, we diagnosed both tumors
as thyroid follicular cell carcinomas of the compact cellular
carcinoma subtype. The present case was characterized by
the presence of many C cells in both tumors, making it dif-
ficult to differentiate them from C-cell carcinoma. Tumor
cells were determined to be derived from existing C-cell
complexes. To the best of our knowledge, this is the first
report of electron microscopic findings and co-expression
of CK and vimentin in thyroid follicular cell carcinoma in
beagles.
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Fig. 7. Ultrastructural appearance of thyroid follicular cells. a and b) Thyroid follicular cells of a normal male 4-year-old beagle. ¢ and d) Tumor
cells in the sheet-like growth area. e and f) Tumor cells in the right tumor were large and had partially clear cytoplasm observed using
the HE staining technique. b, d, and f) High magnification of (a), (c), and (e), respectively. Colloid droplets (arrowheads) and lysosomes
(arrows), which are characteristic of thyroid follicular cells, were also seen in the tumor cells, although they were irregularly shaped or
small compared with those in normal cells. Bars=2 pm (a, ¢, and e) and 500 nm (b, d, and f).
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