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Abstract

Background: Canine joint sarcomas, designated synovial sarcomas, are uncommon malignant mesenchymal
neoplasms that occur in the large joints of the extremities of middle-aged, large-breed dogs. We report the diagnosis
of an intrathoracic sarcoma with ultrastructural characteristics reminiscent of human synovial sarcoma in a dog.

Case presentation: A 7-year-old female spayed Tibetan terrier crossbred dog was presented for acute severe labored
breathing and diagnosed with an intrathoracic neoplastic mass. The neoplasm resulted in the accumulation of substantial
amounts of viscous pleural fluid that led to dyspnea. The neoplastic mass consisted of interweaving bundles of large
pleomorphic mesenchymal cells, supported by an alcian blue positive myxomatous matrix. The neoplastic cells were
immunohistochemically negative for cytokeratin and CD18. Transmission electron microscopy indicated that the
neoplastic cells had desmosome junctions, short microvilli-like structures and ample amounts of rough endoplasmic
reticulum resembling type B-like synoviocytes and synovial sarcoma as reported in people. Despite complete surgical
excision of the neoplastic mass, clinical signs recurred after a month and led to the euthanasia of the dog.

Conclusion: Currently, there are no immunohistochemical markers specific for synovial sarcoma. Canine neoplasms with
transmission electron microscopy characteristics resembling type B-like synoviocytes should be considered similar to the
human sarcomas that carry the specific translocations between chromosomes X and 18.
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Background
The normal synovial membrane consists of two cell
types. The spindloid histiocytic type-A synoviocytes are
phagocytic round cells that express the histiocytic im-
munohistochemical marker CD18. The epitheloid type-B
synoviocytes produce the synovial fluid. Currently, there
are no immunohistochemical markers specific for the
epitheloid type-B synoviocytes [1]. Ultrastructurally, the
spindloid histiocytic type-A synoviocytes have many ly-
sosomes, large empty vacuoles, pinocytotic vesicles,
prominent Golgi apparatus, and small amounts of rough
endoplasmic reticulum [1]. In contrast, the epitheloid
type-B synoviocytes have an epithelium-like arrangement
with desmosome junctions and basement membrane-
like structures [1]. The epitheloid type-B synoviocytes

have a large indented nucleus, and small amounts of the
cellular cytoplasm containing ample amounts of rough
endoplasmic reticulum, limited numbers of vacuoles and
vesicles, and a less developed Golgi apparatus. The cyto-
plasm of type-B synoviocytes also contains microfila-
ments and intermediate filaments. However, these cells
do not consistently stain for the immunohistochemical
marker cytokeratin [1].
Pathologists classify synovial sarcomas histologically as

monophasic or biphasic if the neoplasms consist of one
cell type or both, respectively [2]. However, there is de-
bate as to whether a subset of joint sarcomas are true
synovial sarcomas that arise from type-A and type-B
synoviocytes. The debate is because of the inability to
demonstrate the true origin of the neoplastic cells in the
absence of specific immunohistochemical markers for
synoviocytes, and also because of the assumption that
these neoplasms develop from neoplastic transformation
of blood-borne mesenchymal pluripotent cells [3]. To
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Fig. 1 Timeline of interventions and outcome

Fig. 2 Presumptive intrathoracic synovial sarcoma, dog, gross and cytological characteristics. a, windrowing of the neoplastic cells in a viscous
proteinaceous background. Inset, gross characteristics of the pleural fluid. b, a small aggregate of neoplastic cells in a pale pink proteinaceous
background. The neoplastic cells exhibiting few criteria of malignancy that include high nucleus to cytoplasmic ratio, karyomegaly, anisocytosis
and anisokaryosis, and fine chromatin. c, intraoperative view of the neoplastic mass. d, gross appearance of the neoplastic mass
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the authors’ knowledge, there are no previous re-
ports of a canine sarcoma with ultrastructural char-
acteristics similar to the human neoplasm designated
synovial sarcoma.

Case presentation
The Massey University Pet Emergency Center admitted
a 7-year-old female spayed Tibetan terrier crossbred dog
in acute respiratory distress (Fig. 1). An emergency thor-
acocentesis yielded small amounts of highly viscous fluid
from the thoracic cavity (Fig. 2a inset). The fluid was
thick and sticky, with a nucleated cell count of six cells/
μl. The fluid had aggregates of nucleated cells exhibiting
‘windrowing’ in a coarsely stippled magenta background
(Fig. 2a). Differential cell count indicated 64% large
mononuclear cells, 30% small mononuclear cells, and 6%
neutrophils. The high viscosity of the fluid did not per-
mit the determination of the fluid’s protein content.
Diagnostic imaging of the chest included thoracic radio-
graphs, thoracic ultrasound, and thoracic computed
tomography (Fig. 3). Radiologically, large amounts of
pleural fluid expanded the pleural space and severely
collapsed the lungs (i.e., pulmonary atelectasis). The left
ventral thorax contained a 13 cm long, 7.8 cm tall and
6.4 cm wide complexed cystic mass that extended from

the diaphragm to the thoracic inlet and predominantly
had peripheral contrast enhancement and variable disor-
ganized contrast enhancing tissue. The mass severely
compressed the left caudal lobar bronchus and displaced
the trachea. Ultrasonographically, the mass had hetero-
geneous echogenicity and large amounts of anechoic
pleural fluid surrounded the mass. Ultrasound-guided
fine needle aspirates were inconclusive. The aspirates
contained a few oval cells of a predominantly medium
size admixed within a light blue background. The cells
had homogenous basophilic cytoplasm and a single large
round to oval nucleus with fine chromatin and pin-point
sized nucleoli (Fig. 2b). These cells had a high nucleus to
cytoplasmic ratio, and moderate anisocytosis and aniso-
karyosis. To establish a definitive diagnosis, the owner
consented to surgery. The thorax was approached via a
median sternotomy, and the mass was removed in toto
(Fig. 2c, d). The dog recovered uneventfully and was dis-
charged after a week.
Grossly, the mass was pale red to tan, large, firm, and

slippery due to copious amounts of viscous fluid that
oozed out (Fig. 2d). The cut surface had multifocal de-
pressed soft areas. Histologically, the mass was nonencap-
sulated and poorly circumscribed, multinodular, densely
cellular, and invasive. The neoplastic mesenchymal cells

Fig. 3 Presumptive intrathoracic synovial sarcoma, dog, CT. a, sagittal plane, post intravenous contrast. b, dorsal plane, post intravenous contrast.
c, transverse plane, post intravenous contrast. d, thoracic ultrasonography. A large neoplastic mass of heterogeneous echogenicity is surrounded
by pleural anechoic fluid. White asterisks represent the neoplastic mass

Lovell et al. BMC Veterinary Research  (2017) 13:247 Page 3 of 6



formed interlacing bundles, streams (Fig 4a), occasional
large perivascular whorls (Fig. 4b), and lined caverns with
empty spaces. A dense collagenous mucinous matrix sup-
ported the neoplastic cells. The neoplastic cells were large,
oval to spindloid, with poorly defined cytoplasmic borders
and small amounts of pale eosinophilic to amphophilic
cytoplasm. Most neoplastic cells had a single large, round
to oval nucleus with vesicular chromatin and 1–3 small
basophilic round nucleoli. Occasionally, there were bi-,
tri-, and multinucleated neoplastic cells (Fig. 4c). The neo-
plastic cells had marked anisocytosis, anisokaryosis, and
karyomegaly. There were no mitotic figures in ten, 400×
fields. Multifocal blood vessels contained intraluminal fi-
brin thrombi, and there were multifocal areas of
hemorrhage and necrosis. The neoplastic matrix stained
light blue-green with the histochemical stain alcian blue
(pH 2.5)(Fig. 4d). Immunohistochemistry for cytokeratin
and CD18 did not stain any of the neoplastic cells.
Transmission electron microscopy indicated that the

neoplastic cells had sharply defined ovoid nuclei, with
narrow, dense rims of chromatin, small amounts of cyto-
plasm (Fig. 5a) with large numbers of rough endoplas-
mic reticulum (Fig. 5b), microfilaments (5–6 nm in
diameter), desmosome junctions (Fig. 5c), short

microvilli-like structures on the cytoplasmic membrane
(Fig. 5d), and intermittent basal membrane.
Based on the combination of the findings above the

final diagnosis was presumptive synovial sarcoma of the
thoracic cavity, and the long-term prognosis was poor
due to high likelihood of recurrence or regrowth of neo-
plasia and return of clinical signs. One month after the
initial presentation, the dog developed severe dyspnea
due to recurrence of pleural effusion and was eutha-
nized. The owners opted not to pursue a necropsy.
To the authors’ knowledge, this report represents the

first case of a presumptive synovial sarcoma with ultra-
structural characteristics similar to the human neoplasm
designated synovial sarcoma. The neoplastic mass devel-
oped within the thorax of an adult small breed dog. The
authors based this diagnosis on a combination of sup-
portive evidence. The physical characteristics of the
pleural fluid resembled synovial fluid. The cytology of
the mass revealed mesenchymal cells in a mucinous
background. Histopathology indicated a sarcoma. Histo-
chemistry confirmed the presence of mucin production.
The immunohistochemistry ruled out a histiocytic sar-
coma or poorly differentiated carcinoma that were the
top differential diagnoses. Transmission electron

Fig. 4 Presumptive intrathoracic synovial sarcoma, dog, HE and alcian blue (pH 2.5). a, the neoplastic cells are arranged in interweaving bundles,
20X magnification. b, The neoplastic cells whorls around small blood vessels, 20X magnification. c, the neoplastic cells are spindloid to polygonal,
have indistinct cytoplasmic borders and a single round nucleus with a prominent nucleolus. Occasional neoplastic cells are multinucleate (white
arrows). 40X magnification. d, An alcian blue positive blue green stroma supports the neoplastic cells, 20X magnification
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microscopy demonstrated cells with ultrastructural fea-
tures that are consistent with synovial sarcoma in
people. These included large numbers of rough endo-
plasmic reticulum, desmosome junctions, short
microvilli-like structures on the cytoplasmic membrane,
and a basal membrane (Fig. 5) [4–6].
The subset of joint sarcomas, previously designated

synovial sarcomas, are malignant mesenchymal neo-
plasms that typically occur in the stifle, carpus, and tar-
sus of the extremities of middle-aged, large-breed dogs
[7]. In a retrospective study, synovial sarcomas consti-
tuted five out of the 35 of canine synovial tumors [7].
Previous cases of synovial sarcomas include the left
elbow of a Rottweiler [8] and the right hindlimb of a cat
[9]. To our knowledge, there is only one case report of a
synovial sarcoma occurring in non-joint tissue, which
was in the subcutaneous region of the left mandible of a
dog [10].
The description of intrathoracic sarcomas, designated

as synovial sarcomas, has been well documented in the
human medical literature [4–6]. Common presenting
symptoms include dyspnea, chest pain, cough, and leth-
argy [4]. The cases from the human medical literature

have the same histopathologic and ultrastructural fea-
tures of the tumor described here [4–6].
In the human medical literature, it is postulated that

sarcomas, designated synovial sarcomas, originate from
pluripotential mesenchymal cells capable of partial or
aberrant epithelial differentiation [3, 5]. If the sarcomas,
designated synovial sarcomas, originate from pluripoten-
tial mesenchymal cells, it would explain how they could
arise in areas such as the thoracic cavity. In the veterin-
ary literature, the development of synovial sarcomas
from pluripotential mesenchymal cells is uncertain [11].
In the human pathology literature, sarcomas, desig-

nated synovial sarcomas, have monophasic (spindle) and
biphasic (spindle and epithelial) forms [3]. The spindle
and epithelial components of biphasic synovial sarcomas
resemble type A-like and type B-like synoviocytes. In the
veterinary field, type A-like synoviocytes are immunohis-
tochemically positive for the CD18 antigen [11]. In con-
trast, there is no immunohistochemical marker that
identifies type B-like synoviocytes [11]. The neoplastic
cells, in this case, had ultrastructural characteristics of
type B-like synoviocytes and produced viscous fluid with
physical characteristics of synovial fluid. Therefore it is

Fig. 5 Presumptive intrathoracic synovial sarcoma, dog, TEM. a, a small cluster of cohesive neoplastic cells with a basal membrane between cells
(grey arrow). Bar = 5 μm. b, the neoplastic cells have large numbers of rough endoplasmic reticulum (white asterisk). Bar = 1 μm. c, the
neoplastic cells have desmosome junctions (black arrowheads) and microfilaments (black asterisk). Bar = 500 nm. d, the neoplastic cells have
microvilli-like structures on the cell membrane (black arrows). Bar = 1 μm
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plausible that they are derived from pluripotential mes-
enchymal that differentiated to type B-like synoviocytes.
In people, sarcomas, designated synovial sarcoma, are

associated with a specific translocation between chromo-
somes X and 18 leading to a fusion of the SYT gene on
chromosome 18 to the SSX1, SSX2 or SSX4 genes on
chromosome X [3, 12]. This translocation occurs in over
90% of synovial sarcomas in people [12]. In situ
hybridization detects this specific chromosomal trans-
location and is considered the gold standard for the
diagnosis in people [12]. We did not attempt to perform
in situ hybridization in this case, and it remains to be
determined if similar translocations occur in dogs.

Conclusion
In conclusion, we describe a spontaneous, aggressive, in-
trathoracic sarcoma. The neoplasm had cytological,
histological and ultrastructural characteristics that are
similar to the human sarcomas that carry the specific
translocations between chromosomes X and 18. This re-
port contributes to expanding the body of knowledge on
these sarcomas in dogs.

Abbreviations
CD: Cluster of differentiation

Acknowledgements
The authors would like to thank Dr. Sandra Forsyth for the evaluation and
interpretation of the cytologic specimens, Dr. Bob Bahr for evaluation of the
CT images, Dr. Jon Bray for performing the surgery, and Miss Jordan Taylor
who performed the transmission electron microscopy.

Funding
The authors declare that any funding did not support this study.

Availability of data and materials
The formalin-fixed paraffin-embedded blocks are archived at Massey Univer-
sity. The data used in the current study is available from the corresponding
author on reasonable request.

Authors’ contributions
All authors read and approved the final manuscrip t. SER-L This author wrote
the manuscript, and managed the case. RK-B This author wrote and critically
reviewed the manuscript, and had critical input in the case management. PJ-
R This author performed and the immunohistochemistry and helped writing
the manuscript. RL-F This author performed and the immunohistochemistry.
A-G This author wrote the manuscript, managed the case, and read the
histopathology, histochemistry, and transmission electron microscopy.

Ethics approval and consent to participate
All diagnostic and therapeutic procedures were performed by licensed
veterinarians in the course of routine veterinary health management.

Consent for publication
Not applicable

Competing interests
The author(s) declared no potential conflicts of interest with respect to the
research, authorship, and publication of this article.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Animal Referral Centre, Auckland, New Zealand. 2Institute of Veterinary,
Animal and Biomedical Sciences, Massey University, Private Bag 11-222,
Palmerston North 4442, New Zealand. 3Veterinary Diagnostic Laboratory,
University of Illinois at Urbana-Champaign, Springfield, IL, USA.

Received: 8 February 2017 Accepted: 10 August 2017

References
1. Iwanaga T, Shikichi M, Kitamura H, Yanase H, Nozawa-Inoue K. Morphology and

functional roles of synoviocytes in the joint. Arch Histol Cytol. 2000;63(1):17–31.
2. Fox DB, Cook JL, Kreeger JM, Beissenherz M, Henry CJ. Canine synovial

sarcoma: a retrospective assessment of described prognostic criteria in 16
cases (1994-1999). J Am Anim Hosp Assoc. 2002;38(4):347–55.

3. Thway K, Fisher C. Synovial sarcoma: defining features and diagnostic
evolution. Ann Diagn Pathol. 2014;18(6):369–80.

4. Essary LR, Vargas SO, Fletcher CD. Primary pleuropulmonary synovial sarcoma:
reappraisal of a recently described anatomic subset. Cancer. 2002;94(2):459–69.

5. Suster S, Moran CA. Primary synovial sarcomas of the mediastinum: a
clinicopathologic, immunohistochemical, and ultrastructural study of 15
cases. Am J Surg Pathol. 2005;29(5):569–78.

6. Hirano H, Kizaki T, Sashikata T, Maeda T, Yoshii Y, Mori H. Synovial sarcoma
arising from the pleura: a case report with ultrastructural and
immunohistological studies. Med Electron Microsc. 2002;35(2):102–8.

7. Craig LE, Julian ME, Ferracone JD. The diagnosis and prognosis of synovial
tumors in dogs: 35 cases. Vet Pathol. 2002;39(1):66–73.

8. Loukopoulos P, Heng HG, Arshad H. Canine biphasic synovial sarcoma: case
report and immunohistochemical characterization. J Vet Sci. 2004;5(2):173–80.

9. Cazzini P, Frontera-Acevedo K, Garner B, Howerth E, Torres B, Northrup N,
Sakamoto K. Morphologic, molecular, and ultrastructural characterization of
a feline synovial cell sarcoma and derived cell line. J Vet Diagn Investig.
2015;27(3):369–76.

10. Takimoto N, Suzuki K, Ogawa T, Segawa R, Hara S, Itahashi M, Kimura M,
Iwasaki N, Nishifuji K, Shibutani M. A non-joint tissue biphasic synovial
sarcoma in a dog. J Comp Pathol. 2014;150(2–3):204–7.

11. Craig LE, Dittmer KE, Thompson KG. Bones and joints. In: Maxie MG, editor.
Pathology of domestic animals. 6th ed. St. Louis, MO: Elsevier; 2016. p. 159.

12. Eilber FC, Dry SM. Diagnosis and management of synovial sarcoma. J Surg
Oncol. 2008;97(4):314–20.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Lovell et al. BMC Veterinary Research  (2017) 13:247 Page 6 of 6


	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

