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Case Report

A spontaneous thymic carcinosarcoma in a young Sprague Dawley

rat

Kei Kijima!*, Miki Suehiro-Narital*, Shino Ito!, Ayako Shiraki!, and Aisuke Nii!

! Central Research Laboratory, Research & Development, Seikagaku Corporation, 1253 Tateno 3-chome, Higashiyamato-shi, Tokyo

207-0021, Japan

Abstract: We encountered a case of spontaneous thymic carcinosarcoma in a young Crl:CD (Sprague Dawley) rat. Grossly, a white
multinodular mass replaced the thymus in the thoracic cavity. Histologically, multiple nodules were separated by fibrous stroma, and
each nodule included isolated regions that were composed of epithelial or non-epithelial tumor cells. The epithelial tumor cells were
relatively large and round to polygonal cells with large nuclei and weakly eosinophilic cytoplasm. These cells were cytokeratin-positive
and vimentin-negative. These cells infiltrated the lungs. The non-epithelial tumor cells were poorly differentiated, small, round to
spindle-shaped cells with small nuclei and basophilic cytoplasm. These cells were vimentin-positive and mostly cytokeratin-negative.
Many islands of cartilage were observed near non-epithelial cells. Based on these findings, the tumor was diagnosed as a primary
thymic carcinosarcoma consisting of a malignant thymoma composed of epithelial tumor cells and a mesenchymal chondrosarcoma
composed of non-epithelial tumor cells. (DOI: 10.1293/t0x.2020-0073; J Toxicol Pathol 2021; 34: 235-239)
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Carcinosarcoma is a rare malignant tumor with an
epithelial carcinomatous component and a non-epithelial
sarcomatous component!. In humans, carcinosarcoma can
originate in various organs, including the uterus, ovary,
breast, esophagus, lung, urinary system, and thymus2-3. In
rats, only a few cases of spontaneous carcinosarcoma have
been reported in the kidney, uterus, and mammary gland®-!L.
Here, we report a rare case of spontaneous thymic carcino-
sarcoma, consisting of a malignant thymoma and a mesen-
chymal chondrosarcoma, in a young Sprague Dawley rat.

A 3-week-old male Crl:CD (SD) rat was purchased
from Charles River Laboratories Japan (Kanagawa, Japan).
The animal was housed in a group of 4 animals used as sen-
tinels for microbiological surveillance under controlled en-
vironmental conditions (temperature, 21-25 °C; humidity,
36—67%) as approved by the Institutional Animal Care and
Use Committee of Seikagaku Corporation (Tokyo, Japan).
A pellet diet (CRF-1, Oriental Yeast Co., Ltd., Tokyo, Japan)
and tap water were provided ad [libitum. The animal was
kept without treatment until it was found dead at 21 weeks
of age without any abnormal clinical signs.
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At necropsy, a white multinodular mass filled the tho-
racic cavity. The mass surrounded the heart, and the thymus
was invisible (Fig. 1). No clear continuity or adhesion be-
tween the mass and the lungs was observed. Approximately
10 mL of bloody pleural effusion was found in the cavity.

The mass and intrathoracic organs were removed to-
gether, fixed in 10% neutral buffered formalin, and pro-
cessed routinely for microscopic examination of paraffin-
embedded sections (3 pum) stained with hematoxylin and
eosin (HE). For special staining, sections were stained with
Movat pentachrome (MP). For immunohistochemistry, sec-
tions were incubated overnight at 4 °C with primary anti-
bodies against cytokeratin (mouse monoclonal, clone AEL/
AE3, ready to use; Dako, Tokyo, Japan), vimentin (mouse
monoclonal, clone V9, 1:100; Dako), ki-67 (mouse mono-
clonal, clone MIB-5, 1:25; Dako), C-ERC/mesothelin (me-
sothelin, rabbit polyclonal, 0.05 pg/mL; Immuno-Biological
Laboratories Co., Ltd., Gunma, Japan), podoplanin (mouse
monoclonal, clone LF3 (B7) D5B3, 5 pg/mL; AngioBio Co.,
San Diego, CA, USA), smooth muscle actin (SMA; mouse
monoclonal, clone 1A4, 1:50; Dako), and S-100 (rabbit poly-
clonal, ready-to-use, Dako). For retrieval of all antigens,
deparaffinized sections were heated in 10 mM citrate buf-
fer (pH 6.0) by autoclaving at 121 °C for 10 min. To detect
primary antibodies, universal immunoperoxidase polymers
(Histofine Simple Stain MAX PO, anti-rat or anti-rabbit;
Nichirei, Tokyo, Japan) were used, and staining was com-
pleted by incubation with 3,3’-diaminobenzidine tetrahy-
drochloride, which resulted in a brown precipitate at the an-
tigen site. Mayer’s hematoxylin was used as a counterstain.
For negative controls, the primary antibodies were replaced
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with non-immune sera. The normal lung was examined as
a positive control. The percentage of ki-67-positive tumor
cells was calculated by counting ki-67-positive cells per ap-
proximately 1,200—1,300 tumor cells.

Histopathologically, a mass surrounded the atrophied
thymus, which had retained the lobule structures, mainly
consisting of lymphocytes, although no clear structure of the
thymic cortex and medulla was found. Continuity between
the mass and atrophied thymus was observed (Fig. 2a). The
mass extended to the adjacent adipose tissue (Fig. 2a) and
multiple sites of the lung (Fig. 2b), but not to the heart or
esophagus. All mass extensions into the lungs were located
only in the lobular periphery. The mass was composed of
multiple nodules separated by fibrous stroma (Fig. 2¢), and
islands of cartilage formation (Fig. 2a, 2c, 2d) and necrosis
(Fig. 2b) were found in the nodules.

In almost all nodules, two types of tumor cell were
found, and each type was located in isolated regions
(Fig. 2d, 2e, 2f). The first type was characterized by solid,
glandular, or sheet-like growth. These cells were relatively
large and round to polygonal in shape, with large nuclei and
weakly eosinophilic cytoplasm, and showed cellular atypia,
such as pleomorphism and a clear nucleolus (Fig. 2e). Mi-
totic figures were sporadically found in this region (Fig. 2¢).
Small necrotic foci of the first type of tumor cell were occa-
sionally observed. The mass extensions into the lungs con-
sisted primarily of the first type of tumor cell (Fig. 2b"). The
second type of tumor cell was characterized by solid growth
of poorly differentiated small round to spindle-shaped cells
with small nuclei and basophilic cytoplasm (Fig. 2f). Mitot-
ic figures were sporadically observed in this region. In addi-
tion, lace-like eosinophilic matrices, as well as many islands
of cartilage consisting of well-differentiated chondrocytes
and cartilage matrix, were found near the second type of
tumor cell at a high frequency (Fig. 2d). One or several ag-
gregated atypical chondrocytes with large nuclei were found
around some of these islands of cartilage. No inflammatory
cells, including neutrophils, macrophages, or lymphocytes,
were found.

MP stained the matrices of the islands of cartilage
strongly blue, and the lace-like eosinophilic matrices weak-
ly or strongly blue. Collagen fibers that separated the nod-
ules were stained red (Fig. 2c¢).

Immunohistological staining showed that the first
type of tumor cell was positive for cytokeratin and nega-
tive for vimentin, while the second type of tumor cell was
mostly positive for vimentin and negative for cytokeratin
(Fig. 3a, 3b, 3c). Both types of tumor cells were negative for
S-100, but the chondrocytes in the islands of cartilage were
positive for S-100 (Fig. 3d). Both types of tumor cells were
partly positive for ki-67 and negative for mesothelin, podo-
planin, and SMA. The percentage of ki-67-positive tumor
cells was 24.1% for the first type of tumor cell, and 23.1%
for the second type of tumor cell, although the values of the
second type of tumor cell varied (9.2-32.8%) among the 10
different fields observed.

In the present case, approximately 10 mL of bloody

Fig. 1. Macroscopic view of the thoracic cavity. A white multinodular
mass (approximately 4 x 3 cm) is surrounding the heart (aster-
isk). The thymus is invisible.

pleural effusion was found in the cavity. Hemorrhage from
the mass or rhexis of the thoracic aorta due to extension of
the mass was considered as possible causes of the effusion.

As described previously, the tumor grossly filled the
thoracic cavity, and the thymus was invisible. Histologi-
cally, continuity between the tumor and atrophied thymus
was found. Therefore, the tumor was considered to originate
from the thymus and grew as though it replaced the thymus.
The first type of tumor cell was considered to be epithelial,
while the second type was non-epithelial according to the
immunohistochemical results for cytokeratin and vimentin.

The epithelial cells were considered to be components
of the malignant thymoma because the tumor site, morphol-
ogy, and growth pattern of the first type of tumor cell, that
is, round to polygonal with sheet-like, glandular, or solid ar-
chitecture, were consistent with the features of a thymoma.
The thymoma component was considered to be malignant
because of cellular atypia, sporadic mitotic figure, high per-
centage of ki-67-positive cells, infiltration of the surround-
ing tissues, and presence of necrotic foci.

Thymoma is a cytokeratin-positive thymic epithelial
cell tumor characterized by a variable admixed population
of lymphocytes!2 13, The arrangement and appearance of
neoplastic epithelial cells in thymomas vary considerably!2.
Tumor cells of thymoma are known to exhibit a variety of
growth patterns, including sheet-like, cord-like, nodular, tu-
bular, or intracystic papillary growth!2. In a malignant thy-
moma, there is infiltration to adjacent tissues, but metasta-
sis is rare!2. In the present case, the location and infiltration
sites of the tumor, as well as the cell morphology and growth
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Fig. 2. Photomicrograph of the tumor. (a) Mass is continuous with the severely atrophied thymus (arrows) and extends to the adipose tissue. The
mass contains island of cartilage (arrowhead). HE stain. (b) Mass extends to a lobular periphery of the lung. Necrotic foci (arrows) are
found in the mass. HE stain. (b”) Large and round cells with large nuclei and weakly eosinophilic cytoplasm from Fig. 2b. HE stain. (c)
Mass is composed of multiple nodules separated by fibrous stroma (collagen fibers are stained red). The mass contains many islands of
cartilage (arrowheads). Movat pentachrome stain. (d) A nodule contains island of cartilage (arrowhead) and 2 distinct regions (F and S).
Regions F show weakly eosinophilic and regions S show basophilic. HE stain. (e) Large and round to polygonal cells with large nuclei
and weakly eosinophilic cytoplasm compose region F. A part of the cells has clear nucleoluses (arrows). Mitotic figures (arrowhead) are
sporadically found. HE stain. (f) Small and round cells with small nuclei and basophilic poor cytoplasm compose region S. HE stain.

Bar=500 pm (a), 1 mm (b), 100 um (c, d), 20 um (b’, e, f).

pattern of the epithelial tumor cells, were consistent with the
features of a malignant thymoma. Based on the histopatho-
logical features, the epithelial component was considered a
malignant thymoma with epithelial predominance.

A bronchiolo-alveolar carcinoma was considered as a
differential diagnosis in view of tumor extension into the
lungs. However, the present case was not identified as a
bronchiolo-alveolar carcinoma, because tumor cell infiltra-

tion was localized only in the lobular periphery of the lungs.

The non-epithelial component was identified as a mes-
enchymal chondrosarcoma, as defined by the World Health
Organization (WHO) for humans!4, because the morphol-
ogy and growth pattern of the second type of tumor cell,
that is, poorly differentiated, small, round to spindle-shaped
cells, and many islands of cartilage containing tumor cells
surrounded by well-differentiated S100-positive chondro-
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Fig. 3. Immunohistochemistry of the tumor cells. (a, b, ¢) Serial sections. The area of first type of tumor cell (F) and second type of tumor cell
(S) are positive for cytokeratin and vimentin, respectively, and the staining property of 2 types of antibodies does not overlap. (d) The
chondrocytes in the island of cartilage are S100-positive, but the tumor cells around the island of cartilage are S100-negative. (a) HE
stain. (b) Cytokeratin immunostaining. (¢) Vimentin immunostaining. (d) S-100 immunostaining. Bar=50 pm (a, b, c, d).

cytes, were consistent with the features of a mesenchymal
chondrosarcoma.

Mesenchymal chondrosarcoma is a rare, high-grade
malignant tumor of the bone or soft tissue!>. Although the
tumor cells in typical chondrosarcoma are well-differentiat-
ed large cells!®, the tumor cells with diffuse growth in mes-
enchymal chondrosarcoma are poorly differentiated, small,
nearly round to spindle-shaped, and vimentin-positive!s. In
nests of these cells, differentiated islands of cartilage are
sporadically present!S. In the islands of cartilage, the chon-
drocytes are S100-positive, and the small tumor cells are
S100-negative!s: 17. In the present case, islands of cartilage
consisting of well-differentiated chondrocytes and cartilage
matrix are considered a feature described in the literature
on mesenchymal chondrosarcoma. Lace-like eosinophilic
matrices were considered to be cartilage matrices because
they were positive for Alcian blue on MP staining. In ad-
dition, the morphology of cartilage, as well as growth, cell
morphology, and immunohistochemical features of non-
epithelial tumor cells, were consistent with the features of
mesenchymal chondrosarcoma. Moreover, mesenchymal
chondrosarcoma develops not only in bone tissues, but also
in various soft tissues!s. This was consistent with the loca-
tion of the tumor. Based on the histopathological features,
the non-epithelial component was considered a mesenchy-

mal chondrosarcoma, as defined by the WHO for humans!4.

A malignant mesothelioma was considered the differ-
ential diagnosis in view of the location of the tumor, but
was ruled out because few cells were positive for both cy-
tokeratin and vimentin, the tumor cells were negative for
mesothelin and podoplanin, and no spontaneous malignant
mesothelioma with cartilage formation has been reported in
any species.

Based on gross morphological and histopathological
findings, the tumor was diagnosed as a primary thymic car-
cinosarcoma consisting of a malignant thymoma and mes-
enchymal chondrosarcoma. Malignant thymoma comprises
the first type of tumor cell, while mesenchymal chondrosar-
coma comprises the second type of tumor cell.

The histogenesis of primary thymic carcinosarcoma is
explained by the following two hypotheses!s:

1) Non-epithelial malignant tumor develops due to metapla-
sia of the epithelial component.

2) Epithelial and non-epithelial malignant tumors develop
from multipotential stem cells.

Since the malignant epithelial and non-epithelial compo-

nents coexisted in multiple nodules in a complex manner in

the present case, the second hypothesis may be applicable,

although DNA clonality was not analyzed for the non-epi-

thelial or epithelial component. In addition, the possibility
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of a collision tumor was considered. A collision tumor is
characterized as a mixture of 2 histogenetically distinct ma-
lignant cell populations that have arisen in separated pri-
mary sites!®. In the present case, the possibility of a collision
tumor was ruled out because 2 types of tumor cells coex-
isted in almost all nodules and the separated primary sites
of each tumor could not be determined.

Spontaneous primary thymic carcinosarcoma has not
been reported in rats and has only rarely been reported in
humanss. 20.21, Thymic carcinosarcoma is synonymous with
sarcomatoid carcinoma and is classified as thymic carci-
noma, according to the WHO classification for humans?2.
The incidence of sarcomatoid carcinoma is as low as 7% of
thymic carcinoma?!. In addition, this tumor often infiltrates
surrounding organs23. In conclusion, based on the histologi-
cal findings, the tumor was diagnosed as a primary thymic
carcinosarcoma comprising a malignant thymoma and a
mesenchymal chondrosarcoma. This is the first report of
a spontaneous primary thymic carcinosarcoma in a young
Sprague Dawley rat.

Disclosure of Potential Conflicts of Interests: The authors
declare that there are no conflicts of interest.
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