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Case Report

Spontaneous extraskeletal osteosarcoma in the neck skeletal muscle

of a Crlj:CD1 (ICR) mouse
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Abstract: Extraskeletal osteosarcoma is extremely rare in humans and animals, especially in rodents. This is the first case report on
spontaneous extraskeletal osteosarcoma in the neck skeletal muscle of a Crlj:CD1 (ICR) mouse (36 weeks, dead). Necropsy revealed
a solid white mass located in the neck skeletal muscle (scalenus muscle). Histological examination showed that the tumor consisted of
atypical polygonal cells, a small osteoid clump, and bone tissue. Mitotic figures were observed. Serial sections showed that neoplastic
cells lacked clear invasive proliferation to adjacent normal skeletal muscle and continuity with normal bone tissue. Immunohistochemi-
cal analysis showed that the neoplastic cells were positive for osteocalcin, osterix, vimentin, and S-100. Based on these results, the
tumor was diagnosed as extraskeletal osteosarcoma in the neck skeletal muscle. (DOI: 10.1293/t0x.2020-0083; J Toxicol Pathol 2021,

34: 147-150)
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Osteosarcoma is a malignant tumor that normally de-
velops in the bone tissue; however, there have been few re-
ports on extraskeletal osteosarcoma (EO) in rats and mice!-3.
Here, we describe the first reported case of spontaneous EO
in the neck skeletal muscle of a mouse. The animal was a
male Crlj:CD-1 (ICR) mouse (Charles River Laboratories
Japan Inc., Kanagawa, Japan) and allocated to the intact
group for the toxicological study. In that study, the animals
were individually housed in stainless mesh cages; moreover,
they were maintained at a temperature of 23 + 3°C and rela-
tive humidity of 50 + 20% with air ventilation at 17 times/h
and 12 h of illumination (0700 h to 1900 h). The animals had
free access to a pellet diet (irradiation-sterilized CRF-1 LID
30, Oriental Yeast Co., Ltd., Tokyo, Japan) and water. The
experiment was conducted in compliance with the Act on
Welfare and Management of Animals (Act No. 105, 1973),
“Standards Relating to the Care and Management of Labo-
ratory Animals and Relief of Pain” (Notice No. 88 of the
Ministry of Environment, 2006), and “Basic Guidelines for
Animal Experimentation in the Research Laboratories un-
der the Jurisdiction of the Ministry of Agriculture, Forestry
and Fisheries” (18-Noukai-No.307, 2006).

The animal died at 36 weeks of age. Visual inspection
did not show any abnormal changes. Necropsy revealed a
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solid white mass (5 x 4 x 4 mm) in the neck skeletal muscle
(scalenus muscle) (Fig. 1A). There was no continuity with
the normal bone (spine) at necropsy and histological exami-
nation using serial sections (Fig. 1B and C). No other body
mass was observed.

The observed mass and adjacent neck skeletal muscle
were removed and fixed in 10% neutral-buffered formalin,
embedded in paraffin wax, and sectioned at a thickness
of approximately 4 um. Subsequently, the sections were
stained with hematoxylin and eosin (H&E). Other mass
sections were subjected to immunohistochemistry and
phosphotungstic acid hematoxylin (PTAH) staining. The
primary antibodies used for immunohistochemistry were
as follows: osteocalcin (polyclonal, diluted 1:200, Bioss An-
tibodies, Woburn, MA, USA), osterix (polyclonal, diluted
1:1500, Abcam, Cambridge, UK), cytokeratin AEI/AE3
(monoclonal, diluted 1:250, Abcam), vimentin (polyclonal,
diluted 1:500, Abcam), S-100 (monoclonal, 1:2000, Abcam),
a-smooth muscle actin (a-SMA) (monoclonal, 1:2000, Ab-
cam), myogenin (monoclonal, 1:100, Abcam), and PCNA
(polyclonal, 1:600; DakoCytomation, Osaka, Japan).

Histologically, the mass was located on the skeletal
muscle surface. The neoplastic cells had atypical polygo-
nal nuclei and scant-to-moderate polygonal eosinophilic cy-
toplasm with a solid growth pattern. Mitotic figures were
observed. The proliferative region showed small clumps of
osteoid-like eosinophilic matrix and highly differentiated
bone tissue (Fig. 2A and B). The mass was not clearly en-
capsulated; however, there was no clear invasive prolifera-
tion of the adjacent skeletal muscle; moreover, lymphocyte
infiltration was noted in the boundaries (Fig. 2C). No vessel
invasion was observed.

Immunohistochemically, the neoplastic cells were posi-
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Fig. 1. Macroscopic findings. A, B. Solid white mass in the neck skeletal muscle (scalenus muscle) (5 X 4 x 4 mm).
C. The mass showed continuity only to the neck skeletal muscle, with no mass observed in other organs.

& ce
e,

Fig. 2. Microscopic findings (HE). A. The neoplastic cells
showed a solid growth pattern with bone tissue. Bar
=200 pm. B. The mass consisted of atypical polygo-
nal cells with scant-to-moderate cytoplasm, and for-
mation of small clumps of osteoid-like eosinophilic
matrix and highly differentiated bone tissue was ob-
served. Bar = 50 um. C. Neoplastic cells and lympho-
cytes were observed near the boundaries without clear
invasive proliferation of the adjacent normal skeletal
muscle. Bar =50 pm.

wi




Ibi, Chiba, Koyama et al. 149

tive for osteocalcin, osterix, vimentin, S-100, and PCNA but
negative for cytokeratin AE1/AE3, a-SMA, and myogenin
(Fig. 3A-E). PTAH staining showed no cross-striations in
neoplastic cells (Fig. 3F).

H&E staining indicated that the tumor was an osteo-
sarcoma, specifically EO. However, based on the affected
organ and pleomorphic proliferative pattern, rhabdomyo-
sarcoma was considered a differential diagnosis. Therefore,
additional immunohistochemistry and PTAH staining were
performed. Osteocalcin and osterix are reliable markers for
osteosarcoma, while myogenin is a marker for rhabdomyo-
sarcoma. Some EO cases have been shown to be positive for
vimentin, S-100, and a-SMA2-7, PCNA was used to deter-
mine proliferation activity. Moreover, PTAH staining was
used to check for muscle fiber cross-striations in the neo-
plastic cells of rhabdomyosarcoma. Based on these results,
the tumor was diagnosed as an EO in the skeletal muscle

of the neck. There are various osteosarcoma subtypes, in-
cluding eburnating (osteoplastic), chondroblastic, osteo-
clastic, anaplastic, osteoblastic, fibroblastic, telangiectatic
(vascular), and compound (mixed) types®-!L. In this study,
the tumor was considered the osteoblastic type because it
was composed of neoplastic osteoblasts and highly differen-
tiated with varying amounts of osteoid and bone tissues. In
conclusion, this report presents the first case of spontaneous
EO in the neck skeletal muscle of a Crlj:CDI1 (ICR) mouse
and describes the morphological and immunohistochemical
characteristics of the tumor.
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Fig. 3. Microscopic findings (immunohistochemistry and special staining). A. Most neoplastic cells were positive for osteocalcin
(cytoplasm). Bar = 50 um. B. Some neoplastic cells were positive for osterix (nucleus). Bar = 50 um. C. Most neoplastic
cells were positive for vimentin (cytoplasm). Bar = 50 pm. D. Most neoplastic cells were positive for S-100 (nucleus and
cytoplasm). Bar = 50 pum. E. Some neoplastic cells were positive for PCNA (nucleus). Bar = 50 um. F. All neoplastic cells
showed no muscle fiber cross-striations and were negative for PTAH (inner box: positive control). Bar = 50 pm.



150

Extraskeletal Osteosarcoma in the Skeletal Muscle of a Mouse

References

. Fossey S, Vahle J, Long P, Schelling S, Ernst H, Boyce RW,

Jolette J, Bolon B, Bendele A, Rinke M, Healy L, High W,
Roth DR, Boyle M, and Leininger J. Nonproliferative and
proliferative lesions of the rat and mouse skeletal tissues
(bones, joints, and teeth). J Toxicol Pathol. 29(Suppl): 49S—
103S. 2016. [Medline] [CrossRef]

. Ito T, Katoh Y, Shimada Y, Ohnuma-Koyama A, Takahashi

N, Kuwahara M, and Harada T. Spontaneous extraskeletal
osteosarcoma with various histological growth patterns in
the abdominal wall of an ICR mouse. J Toxicol Pathol. 29:
39—-43. 2016. [Medline]| [CrossRef]

. Ando R, Ikezaki S, Yamaguchi Y, Tamura K, and Hoshiya

T. Spontaneous extraskeletal osteosarcoma in the duode-
num of a Crlj:CD1 (ICR) mouse. J Toxicol Pathol. 29: 275—
278. 2016. [Medline] [CrossRef]

. Shiga A, Katoh Y, Ito T, Ohnuma-Koyama A, Takahashi N,

Okazaki Y, and Harada T. An extraskeletal osteosarcoma in
the auricle of a Wistar Hannover rat. J Toxicol Pathol. 32:
181-187. 2019. [Medline] [CrossRef]

. Nagaike M, Sakai K, Tsuchiya S, Shimada F, Inui K, and

Uratani M. Extraskeletal osteosarcoma with pulmonary
metastasis in a female £344 rat. J Toxicol Pathol. 24: 75-79.
2011. [Medline] [CrossRef]

6.

10.

11.

Okazaki S, Ando R, Matsushima K, Hoshiya T, and Tamura
K. Spontaneous extraskeletal osteosarcoma in the stomach
of an aged f344 rat. J Toxicol Pathol. 23: 157-159. 2010.
[Medline] [CrossRef]

. Yoshizawa K, Matsumoto M, Oishi Y, and Nyska A. Ex-

traskeletal osteosarcoma with cystic appearance in an aged
Sprague-Dawley rat. Toxicol Pathol. 33: 760-763. 2005.
[Medline] [CrossRef]

. Minato Y, Yamamura T, Takada H, Kojima A, Imaizumi

K, Wada I, Takeshita M, and Okaniwa A. An extraskeletal
osteosarcoma in an aged rat. Nippon Juigaku Zasshi. 50:
259-261. 1988. [Medline] [CrossRef]

. Vahle JL, Leininger JR, Long PH, Hall DG, and Ernst H.

Bone, Muscle, and Tooth. In: Toxicologic Pathology Non-
clinical Safety Assessment. PS Sahota, JA Popp, JF Hard-
isty, and C Gopinath (eds). CRC Press, NY. 561-587. 2013.

Ernst H, Long PH, Wadsworth PF, Leininger JR, Reiland S,
and Konishi Y. Skeletal system and Teeth. In: International
Classification of Rodent Tumors: The Mouse. Mohr U (ed).
Springer-Verlag Berlin Heidelberg, Heidelberg. 389-415.
2001.

Long PH, and Leininger JR. Bones, joints, and synovia. In:
Pathology of the Mouse. RR Maronpot (ed). Cache River
Press, Saint-Louis. 645—-678. 1999.


http://www.ncbi.nlm.nih.gov/pubmed/27621538?dopt=Abstract
http://dx.doi.org/10.1293/tox.29.3S-2
http://www.ncbi.nlm.nih.gov/pubmed/26989300?dopt=Abstract
http://dx.doi.org/10.1293/tox.2015-0046
http://www.ncbi.nlm.nih.gov/pubmed/27821914?dopt=Abstract
http://dx.doi.org/10.1293/tox.2016-0043
http://www.ncbi.nlm.nih.gov/pubmed/31404367?dopt=Abstract
http://dx.doi.org/10.1293/tox.2018-0046
http://www.ncbi.nlm.nih.gov/pubmed/22272046?dopt=Abstract
http://dx.doi.org/10.1293/tox.24.75
http://www.ncbi.nlm.nih.gov/pubmed/22319228?dopt=Abstract
http://dx.doi.org/10.1293/tox.23.157
http://www.ncbi.nlm.nih.gov/pubmed/16306029?dopt=Abstract
http://dx.doi.org/10.1080/01926230500417052
http://www.ncbi.nlm.nih.gov/pubmed/3163024?dopt=Abstract
http://dx.doi.org/10.1292/jvms1939.50.259

