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Summary

A Visayan spotted deer with progressive weight loss showed diffuse thickening
and nodular changes of the pleura and peritoneum. Histology revealed a highly
pleomorphic, predominantly solid neoplasm, consistent with a malignant epithelioid mesothelioma. By immunohistochemistry, expression of pan-cytokeratin,
cytokeratin 5/6, and vimentin was found in tumor cells. In addition, scattered
expression of calretinin, desmin and α-smooth muscle actin was present within
the neoplasm. Mesotheliomas should be considered as a potential differential
diagnosis for proliferative processes involving the serosa in cervids.
Keywords: mesothelioma, visayan spotted deer, serosa, tumor, immunohistochemistry

Zusammenfassung

Bei der Sektion eines Prinz-Alfred-Hirschs mit progressivem Gewichtsverlust
wurden multiple noduläre, teils konfluierende Herde auf den serösen Häuten der
Brust- und Bauchhöhle festgestellt. Histologisch konnte ein malignes, epitheloides Mesotheliom, überwiegend vom soliden Subtyp, nachgewiesen werden. Die
Tumorzellen zeigten einen deutlichen Pleomorphismus mit hoher Mitoserate.
Mittels Immunhistologie fand sich eine Expression von Pan-Zytokeratin, Zytokeratin 5/6 und Vimentin in den Tumorzellen. Zusätzlich zeigten einzelne neoplastische Zellen eine Expression von Calretinin, Desmin und α-smooth muscle actin.
Mesotheliome sollten als Differenzialdiagnose proliferativer Prozesse, welche die
Serosa betreffen, bei Cerviden berücksichtigt werden.
Schlüsselwörter: Mesotheliom, Prinz-Alfred-Hirsch, Serosa, Tumor, Immunhistologie
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Introduction
Mesotheliomas are rare neoplasms in domestic and
wildlife animals, originating from the mesothelium of
the pericardium, pleura or peritoneum (Plummer 1956,
Dukes et al. 1982, Harbison and Godleski 1983). So
far, two cases of mesotheliomas in cervids, a sika deer
(Cervus nippon yesoensis) and a European spotted fallow
deer (Dana dama), have been reported (Byerly et al. 1989,
Matsuda et al. 2019). A causative link between asbestos
fibers and mesotheliomas is widely accepted in humans
(Selikoff et al. 1964). However, tumor development in
animals is usually not related to asbestos exposure and no
specific etiology can be identified for most mesotheliomas
in veterinary medicine. Besides spontaneous occurrences, congenital mesotheliomas have been observed in
fetal or young cattle (Misdorp 2002, Munday et al. 2016).
Mesotheliomas cause unspecific signs, such as anorexia,
vomiting, and hemorrhages, as well as thoracic and
abdominal effusions. They may occur at any serosal lining
of body cavities, namely the pericardium, thoracic cavity,
abdominal cavity or cavum vaginale. Multicentric mesotheliomas involve multiple locations simultaneously.
Macroscopically, mesotheliomas present as diffuse thickening of the serosa or multiple nodules of white-yellowish
color and soft to firm consistency (Munday et al. 2016).
Histologically, mesotheliomas can be divided into
three categories, namely epithelioid, sarcomatous (spindle-shaped), and biphasic (mixed) tumors. In humans,
seventeen different subtypes of epithelioid mesotheliomas have been identified, of which papillary, tubular,
solid, sclerosing, cystic, and deciduoid subtypes can be
found in animals (Head et al. 2003, Munday et al. 2016).
Virtually all mesotheliomas can spread within body cavities by implantation and less commonly by lymphatic
metastasis (Stoica et al. 2004, Matsuda et al. 2019).
Adenocarcinomas of the ovary, pancreas, lung, intestine and uterus, as well as the urinary transitional cell
carcinoma are important differential diagnoses for mesotheliomas. In addition, non-neoplastic etiologies, such as
peritoneal tuberculosis (pearl disease) and other unspecific granulomatous peritonitis need to be differentiated
from this entity. To the best of the author`s knowledge,
this is the first report of a malignant mesothelioma in a
Visayan spotted deer.
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exhibited numerous, multifocal to coalescing, firm,
white-yellowish nodules. Their size ranged from 0.5 to
1.5 cm in diameter. Affected organs and tissues included
the entire abdominal aspect of the diaphragm, serosa of
the rumen, peripancreatic adipose tissue, peritoneum
and pleura, abdominal lymph nodes, spleen, liver, intestine, pericardium, and lung (Fig. 1). Multiple adhesions
were found between organs. From the serosal surface,
neoplastic nodules infiltrated the parenchyma of liver
and lung.
Histopathology
Tissues were fixed in 4% phosphate-buffered formaldehyde overnight, processed routinely, embedded in
paraffin, sectioned at 2 μm thickness, and stained using
hematoxylin and eosin. Histology revealed monomorphic, poorly demarcated accumulations of epithelioid
tumor cells arranged in solid clusters. Occasionally papillary projections of neoplastic cells were present. In
solid areas, cells existed in confluent nests and islands,
frequently exhibiting a trabecular pattern. The extent of
tumor stroma was variable. Polygonal, dysplastic cells
showed marked anisocytosis with multiple atypical cells
(Fig. 2). The nucleus-to-cytoplasm-ratio varied considerably and the cytoplasm was eosinophilic and occasionally vacuolated. Nuclei were vesicular with inconspicuous nucleoli and marked anisokaryosis. Up to twentyfive mitoses per ten high-power fields (23.7 mm2 in
total) were counted. Multinucleated cells occurred frequently. Pre-existent tissues bordering the neoplastic
growth showed compression atrophy. At multiple locations, necrosis of the neoplastic tissue was found. Using
alcian blue stain, acid mucin-containing vacuoles were
detected within some neoplastic cells (Fig. 2).
Additional histological findings included unilateral
atrophy of tubules with interstitial fibrosis in the kidney.
Moreover, a thyroid gland adenoma was detected and

Case description
Clinical findings
The 13-year-old, female Visayan spotted deer from a
wildlife conservation center showed anorexia and progressive weight loss. The animal received medical treatment (antibiotic and anti-inflammatory medication)
over a period of two weeks. Due to unresponsiveness
to treatment and worsening of clinical signs, the animal was euthanized and submitted for necropsy at the
Department of Pathology of the University of Veterinary
Medicine Hanover.
Gross pathology
Necropsy was performed and tissues were taken for
histologic examination. Gross examination of the carcass
revealed a cachectic nutritional status. Serosanguinous
effusions were present in the abdominal (700 ml) and
thoracic cavity (100 ml). The peritoneum and pleura

FIGURE 1: Macroscopic appearance of the tumor. (a)
Multifocally thickened serosa (white arrows) and white
to yellowish nodule, measuring 1 cm in diameter within
the hepatic parenchyma (star); (b) Diffusely thickened
diaphragm; (c) Neoplastic nodules in the lung, diameter
ranging from 0.5 to 1.5 cm (asterisks). Figure created
by Bianca Kühl, Department of Pathology, University of
Veterinary Medicine Hannover.
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several sarcocysts were found in the heart and skeletal
muscles.
Immunohistochemistry was performed using the avidin-biotin-peroxidase-complex technique (Vector Laboratories, Burlingame, CA) as described previously (Seehusen and Baumgärtner 2010). Primary antibodies used
are listed in Table 1. Unaltered mesothelium, stromal
fibroblasts, visceral ganglia, musculature (smooth and
striated), and lung from a Visayan spotted deer served
as positive controls. For negative controls, the primary
antibodies were replaced either by ascites fluid from
non-immunized BALB/c mice or non-immunized rabbit
serum, respectively. Immunohistochemistry revealed a
predominant, diffuse cytoplasmic expression of pancytokeratin and cytokeratin 5/6 in pleomorphic cells. Less
frequently vimentin expression was found in neoplastic
cells. Cytoplasmic calretinin-, desmin- and α-smooth
muscle actin (α-SMA)-specific reactivity was present
in individual tumor cells. Desmin and α-SMA expression was prominent in the tumor stroma (Fig. 2). No
expression of thyroid transcription factor-1 was found in
neoplastic cells (Tab. 2).

FIGURE 2: Histology and phenotyping of neoplastic
cells. (a, b) Epithelioid tumor cells arranged in solid clusters (arrows); (c) Nests of dysplastic tumor cells with
marked anisocytosis and nuclear pleomorphism (arrow);
(d, e) Expression of pan-cytokeratin in clusters of neoplastic cells; (f) Expression of cytokeratin 5/6 in clusters
of neoplastic cells; (g) Expression of vimentin in individual neoplastic cells and adjacent stroma (h) Expression
of vimentin in individual neoplastic cells (arrows); (i)
Expression of desmin in few neoplastic cells (arrow); (j)
Single neoplastic cells stain positive for α-smooth muscle
actin (arrowhead); additionally abundant expression
of α-smooth muscle actin in tumor stroma (arrow); (k)
Expression of calretinin in tumor cell nests; (l) Tumor
cells contain alcian blue-positive vacuoles within
the cytoplasm (arrows); (a-c) hematoxylin and eosin
staining, (d–k) immunohistochemistry, (l) alcian blue
staining; (a, d, g): bars = 200 μm; (b): bar = 100 μm; (c,
e, f, h, I, j–l): bars = 20 μm. Figure created by Bianca
Kühl, Department of Pathology, University of Veterinary Medicine Hannover.
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Discussion
The present report describes a case of malignant, multicentric epithelioid mesothelioma in a Visayan spotted
deer. Gross examination revealed multiple, serosa-associated nodules, frequently described in cases of peritoneal
mesothelioma in other species (Girard and Cécyre 1995,
Stoica et al. 2004, Dobromylskyj et al. 2011). Effusions,
as found here, are often associated with mesotheliomas
and thought to be caused either by secretion by tumor
cells or reduced lymphatic drainage (Girard and Cécyre
1995, Stoica et al. 2004). Pearl disease and granulomatous
peritonitis are critical differential diagnoses, often difficult
to distinguish from mesothelioma by clinical and gross
examination, respectively, demonstrating the need for histologic examination (Beytut 2002). Moreover, neoplasms
of other origin, particularly metastasizing ovarian carcinomas and endometrial carcinomas can cause peritoneal
carcinomatosis, resembling mesothelioma (Patnaik and
Greenlee 1987, Fowler et al. 1994, Robert and Posthaus
1999, Harmon et al. 2004, Stilwell and Peleteiro 2010).
Cell clusters and trabecular arrangement are typical
features of solid-type epithelioid mesotheliomas (Bacci
et al. 2006, Brambilla et al. 2006). Marked pleomorphism
of tumor cells together with high mitotic rates clearly
indicate a malignant process in the present case (Hashimoto et al. 1989, Girard and Cécyre 1995, Matsuda et al.
2019). Moreover, lymph node metastasis is defined as a
clear indication of malignancy, as found in the present
case. The occurrence of benign mesotheliomas in animals is discussed controversially, and some authors suggest all mesotheliomas as being potentially malignant
(Head et al. 2003). In human literature, benign variants
of mesothelioma, including the benign multicystic mesothelioma of the peritoneum are reported and although
recurrence after chirurgical excision often occurs, its
prognosis is considered to be more favorable (Safioleas
et al. 2006, Snyder et al. 2011, Myers and Babiker 2021).
In veterinary literature, one dog with cystic mesothelioma was treated successfully over a period of three
years (Munday et al. 2016). Immunohistochemistry was
performed to confirm the diagnosis of mesothelioma.
The neoplastic cells showed staining of pan-cytokeratin,
cytokeratin 5/6 and vimentin antigens. Co-expression
of cytokeratin and vimentin is regarded a characteristic
feature of mesothelioma in animals. Although this coexpression has been described also in certain ovarian
carcinomas, immunostaining of both antigens in these
tumors is generally less frequent than in mesotheliomas
(Girard and Cécyre 1995, Ordóñez 1998, Barnetson et
al. 2006, Brambilla et al. 2006, Riccardi et al. 2007, Pires
et al. 2010, Dobromylskyj et al. 2011, Przeździecki and
Sapierzyński 2014, Munday et al. 2016, Matsuda et al.
2019, Sun and Auersperg 2019). Calretinin is regarded
as a specific marker of mesotheliomas in humans, however, its expression in tumors of animal species seems
to be variable (Stoica et al. 2004, Bacci et al. 2006, Yaziji
et al. 2006). Of note, similar to the present case, positive
staining of calretinin was reported in a mesothelioma of
a sika deer (Matsuda et al. 2019). Expression of α-SMA
and desmin was found also in mesotheliomas of animals
and humans, probably attributed to the pluripotentiality
of mesothelial cells (Attanoos et al. 2003, Brambilla et al.
2006, Matsuda et al. 2019). Among other tumors, epithelioid and biphasic mesotheliomas are known to stain
positive for alcian blue (Warnock et al. 1988).
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TABLE 1: Primary antibodies used for immunohistochemistry
Antibody

Clone

Dilution

Antigen retrieval

Pan-Cytokeratin

Mouse, mAb (AE1/AE3)

1:500

P

Source
Dako, Glostrup, Denmark

Cytokeratin 5/6

Mouse, mAb (D5/16B4)

1:100

MW

Dako, Glostrup, Denmark

Vimentin

Mouse, mAb (V9)

1:100

–

Dako, Glostrup, Denmark

Desmin

Mouse, mAb (D33)

1:100

–

Dako, Glostrup, Denmark

Smooth muscle actin

Mouse, mAb (1A4)

1:100

–

Dako, Glostrup, Denmark

Thyroid transcription factor-1

Mouse, mAb (8G7G3/1)

1:100

MW

Dako, Glostrup, Denmark

Calretinin

Rabbit, pAB

1:500

MW

Synaptic Systems, Germany

mAb: monoclonal antibody; pAb: polyclonal antibody; MW: pretreatment in citric buffer (pH: 6.0), heated for 20 minutes in a microwave oven; P: enzymatic pretreatment
with pronase for 10 minutes

TABLE 2: Expression pattern of tumor cells
Marker

Immunoreactivity of neoplastic cells

Positive control tissue from Visayan spotted deer

Pan-cytokeratin

+++

Normal mesothelium

Cytokeratin 5/6

+++

Normal mesothelium

Vimentin

++

Calretinin

+

Neurons of visceral ganglion

Stromal fibroblasts

Desmin

+

Striated musculature

Smooth muscle actin

+

Smooth musculature

Thyroid transcription factor-1

–

Alveolar and bronchial epithelium

+++: diffusely positive; ++: partially positive; +: rarely positive; –: no expression

In the present case, the primary origin of mesothelioma
remains elusive. However, given the extent of peritoneal
involvement, a primary abdominal neoplasm is suspected.
Pleural nodules might have originated from peritoneal
lesions by metastasis and/or transmigration through the
diaphragm. Accordingly, both mesenteric and pulmonary
lymph nodes showed neoplastic cell infiltrations, indicating
lymphatic spread. Pulmonary adenocarcinoma is an important differential diagnosis to consider in case the thoracic
cavity is affected by neoplastic growth. They frequently
metastasize to the pleura, but distant metastasis occurs
infrequently (Silva et al. 2012, Cardoso et al. 2021). Pulmonary tumors can be distinguished from mesothelioma
by immunohistochemistry using a panel of anti-cytokeratin 5/6 and -TTF-1 antibodies (Ramos-Vara et al. 2005,
Kushitani et al. 2007). In the present case, no expression of TTF-1, which is a transcription factor expressed
exclusively in thyroid and pulmonary epithelium, was
detected within the neoplasm (King et al. 2006).
The present case report describes morphologic and
phenotypic characteristics of a malignant mesothelioma
in a Visayan spotted deer. This tumor type should be kept
in mind as a potential differential diagnosis for proliferative lesions in body cavity of wild ruminants.
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