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INTRODUCTION

Types and distribution of tumours in marine mam-
mals are assumed to be similar to those of domestic
species. But the number of reported neoplasms is
rare because many marine mammals die before
reaching old age, when most neoplasms occur, or die
at sea and do not become stranded on shore (Siebert
et al. 2006). Overall, the reported incidence of neo-
plasms in whales, cetaceans and pinnipeds appears
to be low (Newman & Smith 2006). Analyses on car-
cass-detection rates in the Gulf of Mexico show that
carcasses were recovered only from an average of
2.0% of the population (Williams et al. 2011). This
low incidence results most likely from many unno-
ticed deaths in wild populations or lack of observed
histological changes in tissue samples from necrop-
sies due to advanced autolytic changes that occur

during the marked time period between death and
examination of the animal. The female genital tract
represents one of the most commonly affected organ
systems in cetaceans affected with neoplasms, which
have been reported at an incidence of 21% (Geraci et
al. 1987). Ovarian tumours found in marine mammals
include adenocarcinoma, adenoma, dysgerminoma,
mucinous cystadenoma, carcinoma and granulosa
cell tumours (Rewell & Willis 1949, Stolk 1950, Maw -
desley-Thomas 1971, 1974, Landy 1980, Howard et
al. 1983, Benirschke & Marsh 1984, Martineau et al.
1988, De Guise et al. 1994, Van Bressem et al. 2000).

Granulosa cell tumours represent gonadal stromal
tumours and are the most common ovarian neo-
plasms in large domestic animals (Foster 2007). They
are composed primarily of cells that resemble the
granulosa cells of the follicle. The tumour cells grow
in a variety of patterns including micro- and macro-
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follicular, trabecular, insular and diffuse types (Kiyo -
kawa et al. 2003). Besides granulosa cells, theca or
luteinised cells and fibroblasts are found. Granulosa
cell tumours have been described in a fin whale
 Balaenoptera physalus, a blue whale B. musculus, a
short-finned pilot whale Globicephala macro rhyn -
chus, beluga whales Delphinapterus leucas, a Cali-
fornia sea lion Zalaphus californianus, a fur seal Cal-
lorhinis ursinis and a cape fur seal Arctocephalus
pusillus (Rewell & Willis 1949, Landy 1980, Howard
et al. 1983, Benirschke & Marsh 1984, Martineau et
al. 1988, De Guise et al. 1994).

Systematic pathological investigations have been
performed on harbour porpoises Phocoena phocoena
from several different regions (Baker & Martin 1992,
Siebert et al. 2001, 2006, Jauniaux et al. 2002, Jepson
et al. 2005), but only a few neoplastic diseases are
reported, including a cutaneous squamous papilloma
(Geraci et al. 1987), one gastric adenocarcinoma with
multiple metastases (Breuer et al. 1989), one adeno-
carcinoma involving the posterior abdominal tissues
with large numbers of secondary tumours on the
sero sal surface (Baker & Martin 1992), an adrenal
papilloma (Newman & Smith 2006) and a gastric
squamous cell carcinoma (Siebert et al. 2010). In this
paper the morphological findings of an ovarian
 granulosa cell tumour in a harbour porpoise are
described.

A female 12 yr old harbour porpoise, measuring
160 cm and weighing 78.8 kg, was stranded at the
western shore of the North Sea coast on the island of
Sylt, Germany. The age was determined by counting
the annual growth layers of teeth from the middle of
the lower jaw (Agedynamics, Denmark; Lockyer
1995). Until the post-mortem examination could be
performed the carcass was stored at −20°C. The
necropsy was performed according to standardised
European necropsy protocols for cetaceans (Siebert
et al. 2001). Tissue samples were collected from
 different organs and tissues (skin, muscles, brain,
tongue, heart, lung, diaphragm, stomach, kidneys,
liver, spleen, pancreas, intestine, adrenal glands,
ovaries, genital mucosa and different regional lymph
nodes) fixed in 10% neutral buffered formalin and
embedded in paraffin wax. The 5 µm thick tissue sec-
tions were stained with haematoxylin and eosin
(H&E) and selected slides were stained with elastica
van Gieson and Gomori’s reticulin stains and for
 periodic acid Schiff (PAS) reaction. For immuno -
histochemistry, murine monoclonal and, in harbour
porpoise tissue, cross-reacting antibodies against
vimentin (clone V9), cytokeratin (CK7 clone OV-
TL12/30, AE1/AE3 clone AE1/AE3 against CK1 to

CK8, CK10, CK13 to CK16, CK19,), carcinoembryo -
nic antigen (CEA) c-kit, chromogranin and α-smooth
muscle actin (clone 1A4, all from DAKO Cytomation)
were applied using the avidin-biotin-peroxidase
complex (ABC) method (Vector Laboratories) (Döpke
et al. 2007). Positive controls consisted of unmodified
ovarian tissue from another adult harbour porpoise.
Liver, spleen, kidneys, lung, pleural and mesenteric
lymph nodes and tumour tissue were cultured for
bacteria.

On postmortem examination the animal was in
moderate decomposition after thawing. The porpoise
was in a good nutritional status and pregnant with a
fully developed male foetus, which measured 75 cm
(tip of rostrum to fluke notch) and weighed 5 kg,
located in the left uterine horn. The left ovary was
almost completely replaced by a large, 18.0 × 15.0 ×
16.0 cm, multinodular mass consisting of three 7.0 cm
nodules, two 1.0 × 2.0 × 2.0 cm nodules, and a 3.0 ×
3.0 × 3.0 cm cyst containing serous fluid (Fig. 1). Nod-
ules were separated by connective tissue. On the cut
surface the tissue was irregularly coloured  yellow,
red or black and had a smooth and shiny  surface, few
areas of haemorrhage and a well-demarcated
necrotic region 3.5 cm in diameter. The 2 smaller foci
were composed of a light red pasty mass. In addition
a cyst (3.0 × 3.0 × 3.0 cm) containing red clear serous
fluid was bulging from the tumour’s surface (Fig. 1).
The right ovary was 4.0 × 3.0 × 1.5 cm in size with a
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Fig. 1. Phocoena phocoena. Granulosa cell tumour of a har-
bour porpoise showing a coarse nodular surface and the cut 

surface (arrows) of a nodule. Scale bar = 3 cm
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corpus luteum of 1.5 cm in diameter. In the lungs,
there were multifocal granulomas with necrotic
 centres and severe diffuse pulmonary oedemas, and
the lungs indicated moderate emphysema. In the
bronchial tree and the pulmonary blood vessels a
mild to moderate parasitic infestation of nematodes
(Pseudalius inflexus, Torynurus convolutus and Halo-
cercus invaginatus) was found. In the liver, there
were a few trematodes observed within thickened
bile ducts (chronic proliferative cholangitis).

Histologically, there was a granulosa cell tumour in
the left ovary. The tumour was arranged in cords
(Fig. 2) separated by thin, Gomori-positive, reticulin
fibres (Fig. 3). The tumour cells had abundant
eosino philic cytoplasm and a round to oval, often
eccentric, nucleus with distinct nucleoli. Mitotic
activity was evident in fewer than 1 per 10 cells as
viewed under high magnification. Additional find-
ings included collagenolysis with dystrophic miner-
alisation. All available immunohistochemical stains
of the ovary were negative, while positive controls
were positive.

There were a severe diffuse alveolar oedema and
moderate diffuse alveolar emphysema as well as a
severe multifocal chronic granulomatous pneumonia
as shown by central necrosis with pulmonary endo -
parasitosis in airways and vessels.

Additional histological findings included moderate
hyalinosis of the Bowman’s capsules of the kidney, a
severe focal calcification of splenic trabeculae with
severe haemosiderin and haematoidin deposits, a
moderate chronic proliferative cholangitis and a mild
focal mural lymphohistiocytic colitis. These lesions
were incidental findings and not related to the ani-
mal becoming stranded.

The microscopical and histological examination
of the foetus revealed no morphological lesions.
Immuno histochemical examination indicated there
was no specific labelling of the tumour cells with any
of the antibodies that were applied.

Bacteriological examination of lung, liver, spleen,
kidney, intestine, tumour tissue and mesenteric and
pleural lymph nodes resulted in isolation of nonspe-
cific bacteria. Mild to moderate amounts of Strepto-
coccus sp., Escherichia coli, coliform bacteria, Acin-
teobacter sp., Pseudomonas sp., Citrobacter diversus,
Serratia sp. and Clostridium perfringens type A were
present in several organs. There was no histological
evidence of septicaemia and no associated lesions
were detectable, so it is assumed that these mixed
bacteria were post mortem.

The death of this 12 yr old female harbour porpoise
was attributed to severe verminous pneumonia lead-
ing to respiratory insufficiency. Pneumonia is the
cause of death in 46% of stranded subadult and adult
harbour porpoises in German waters and two-thirds
of these deaths are associated with nematodes (Sie -
bert et al. 2001).

The porpoise had a granulosa cell tumour in the
left ovary. The histological pattern of tumour cell
arrangement was similar to that found in domestic
animals (Nielsen et al. 1976, MacLachlan 1987, Kiyo -
kawa et al. 2003). Other ovarian tumours were con-
sidered including thecomas; however, thecomas con-
tain abundant intercellular reticulin (Kennedy et al.
1998, Tavassoli et al. 2003), which was not observed
in this case.

Immunohistochemistry using various monoclonal
antibodies failed to label the tumour cells. Human
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Fig. 2. Phocoena phocoena. Tumour cells of the granulosa
cell tumour are arranged in cords (arrows). H&E stain. Scale 

bar = 80 µm

Fig. 3. Phocoena phocoena. Cords of tumourous granulosa
cells are surrounded by a network of reticulin fibres 

(arrows). Gomori’s reticulin stain. Scale bar = 120 µm
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granulosa cell tumours express, among others, vi men -
tin, cytokeratin, S100 protein and α-smooth  muscle
actin (Tavassoli et al. 2003). Immunolabelling for vi-
mentin, cytokeratin, and inhibin-α has been described
in dogs (Riccardi et al. 2007). The negative immuno-
histochemical results in this particular case may be
caused by the loss of epitopes due to decomposition,
freezing and thawing of the carcass or duration of fix-
ation in formalin. A lack of phylogenic conservation of
epitopes may also be a reason for the lack of staining.

In humans 2 distinct types of granulosa cell tu -
mours exist and are known as adult and juvenile.
They typically occur most commonly in older fe -
males, but the juvenile ones account for about the
5% of all granulosa cell tumours in humans (Hasi-
akos et al. 2006). Only 10% of these tumours present
during pregnancy (Fernández-Cid et al. 2011). Gran-
ulosa cell tumours produce and store a variety of
steroid hormones (Tavassoli et al. 2003, Schlafer &
Miller 2007). Functionally, neoplasms and most gra -
nu losa cell tumours produce oestrogenic hormones
but, on rare occasions, androgenic activity may oc -
cur. In the described case, there was most likely no
hormonal synthesis, because the porpoise was repro-
ductively active and pregnant with a fully developed
foetus. Unfortunately there have been no cross-
reacting antibodies for an immunohistochemical
investigation of the presence of alpha-inhibin, estro-
gen and progesterone.

The occurrence of the tumour in the left ovary led
to hormonal support of pregnancy in the right ovary,
which may be an atypical occurrence in cetaceans. In
cetaceans normally foetuses are carried in the left
uterine horn (Schulze 1996), and the left ovary helps
to maintain the gravid corpus luteum (Halldórsson &
Víkingsson 2003). In this case, the tumour was
located in the left ovary, while a corpus luteum was
found in the right ovary, presumably supporting
pregnancy. In normal pregnancies of domestic ani-
mals, there is atrophy of the contra-lateral ovary
(Schlafer & Miller 2007).

Although the incidence of neoplasia is increasing
in marine mammals (Newman & Smith 2006) and
tumour rates are described to be relatively high in
certain regions (Martineau et al. 2002), possibly due
to environmental contamination or exposure to viral
pathogens (Gulland et al. 1996, Newman & Smith
2006), the prevalence of tumours in harbour por-
poises is low. However, continued efforts should be
made to perform monitoring programs on marine
mammals to increase our knowledge about their
health status, because they may play an important
role as sentinel animals.
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