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INTRODUCTION

The goldfish Carassius auratus, a freshwater fish
belonging to the family Cyprinidae, is native to East
Asia (Lelek 1987), including China and neighbouring
countries. It inhabits rivers, lakes, reservoirs, ponds
and ditches with stagnant and slow flowing water
(Etnier & Starnes 1993). The goldfish was one of the
earliest finfish species to be domesticated and is one
of the most popular ornamental species due to its
diverse characteristics, viz. colour, body shape, size
and fin features (Rylková et al. 2010). Importantly,
the fish is quite tolerant to environmental conditions,
viz. wide temperature range, high water turbidity
and low dissolved oxygen (Balon 2004).

The susceptibility of teleosts to developing neo-
plasms is similar to that observed in higher verte-
brates and there are a number of reports of neo-
plasms in freshwater as well as marine fish species
(Hayes & Ferguson 1989). The tumours may arise

from any tissue of the fish but occur more frequently
in skin, gills, liver and gut, as these are more exposed
to environmental contaminants (Roberts 2012). Lipo-
mas are benign mesenchymal tumours of the adipose
tissue, which can develop in almost all the organs of
the body containing fat (Moussa et al. 2013), and
therefore are also known as universal or ubiquitous
tumours (Cicconetti et al. 2010). Lipomas are the
most common soft tissue tumours (Murphey et al.
2004), reported frequently in humans and dogs
(Pakhrin et al. 2007). These tumours have also been
reported in freshwater and marine fish (Marino et al.
2011), but are rather rare in fish (Easa et al. 1989b, De
Stefano et al. 2012). Further, the lipomas are subclas-
sified into classic lipoma, fibrolipoma, angiolipoma,
infiltrative lipoma, hibernoma, etc., according to their
histologic features and growth pattern (Salvatore et
al. 2003). Of these, the infiltrative lipoma is a rare
variant that characteristically infiltrates adjacent tis-
sues and tends to recur after excision (Colella et al.
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2004). Infiltrative lipomas have been mostly reported
in humans (Çalisaneller et al. 2009, Han et al. 2014)
and dogs (Hobert et al. 2013, Briand et al. 2015), but
occasionally occur in horses (Erkert et al. 2007), cattle
(Sickinger et al. 2009, Agerholm et al. 2016), cats
(Esplin 1984) and lambs (Azizi et al. 2011). These
tumours have also been reported in a few finfish spe-
cies such as sand flathead Platycephalus bassensis
(Hard et al. 1979), channel catfish Ictalurus punctatus
(McCoy et al. 1985), tuna Thunnus maccoyii (John-
ston et al. 2008) and seabass Dicentrarchus labrax
(Marino et al. 2011).

Here, we describe spontaneously occurring infil-
trative lipomas in 2 adult C. auratus, which seems to
be the first report of this tumour in goldfish.

MATERIALS AND METHODS

During April 2016, 2 goldfish Carassius auratus
(body weight: 70 to 75 g; total length: 15 to 16 cm;
about 18 mo old) exhibiting multiple growths on
their skin were brought to the Peninsular and Mar-
ine Fish Genetic Resources Centre of ICAR-National
Bureau of Fish Genetic Resources from a farm in
Kerala, South India. The affected fish showed nor-
mal activity and appetite. As per the farmer’s infor-
mation, the goldfish were being cultured in 4
cemented tanks (1 × 1 × 1 m each) at a density of
100 fish per tank. The fish were fed twice daily with
commercial fish feed (Carpmax from Growel; crude
protein 37 to 38%, fat 7 to 8% and crude fibre
7.5%) at 2 to 3% of body weight. About 50% of the
water in the tanks was exchanged daily. In the labo-
ratory, the fish were euthanized with an overdose of
MS222 (Sigma-Aldrich) and necropsy was con-
ducted to record the gross lesions. Routine parasito-
logical and bacteriological investigation of the
tumour masses was carried out. For parasitological
examination, wet mounts were prepared from the
scrapings taken from the surface of the tumour
masses and examined under the microscope,
whereas for bacteriological examination, the surface
of the protruding mass was disinfected and an inoc-
ulation loop was inserted deep into the mass and
streaked on nutrient agar.

Subsequently, virus isolation was attempted from
cutaneous masses of each goldfish. Briefly, the tissue
homogenate prepared from the masses was collected
aseptically and inoculated in goldfish fin (GFF) cell
line, using standard protocol (Swaminathan et al.
2016). The inoculated cells were ob served for devel-
opment of cytopathic effects up to 10 d. A total of 5

blind passages from inoculated cells were made at an
interval of 10 d each. In addition, 2 cutaneous masses
from each fish along with internal organs viz. spleen,
kidney and liver were collected in 10% neutral
buffered formalin and routinely processed for paraf-
fin embedding. The tissue sections (5 µm thickness)
were cut and stained with haematoxylin and eosin
(H&E).

RESULTS

There were bilateral, multiple, pale-white, soft
masses of varying sizes on the dorso-lateral and flank
region as well as at the base of the pectoral fin of the
affected goldfish (Fig. 1). The masses protruded from
the surface and were almost spherical. The cut sur-
face was whitish and lardaceous in appearance. Rou-
tine examination of wet mounts prepared from the
surface and the area around the masses did not
reveal the presence of any parasite. Moreover, no
bacteria could be isolated from the protruding
masses during bacteriological investigation. Further-

244

Fig. 1. Multiple, variably sized, pale-white masses on the 
skin of the 2 affected goldfish
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more, during post-mortem, no gross lesions were
observed in any of the organs, namely liver, spleen
and kidney.

In the GFF cell line, no cytopathic effects were ob -
served following inoculation of tissue homogenates,
even after 5 blind passages. Microscopically, the
tumour masses consisted of mature, fully differenti-
ated adipocytes of varying size, which were round to
polyhedral in appearance. The adipocytes had a
large, single locule of fat, peripheral flat nuclei and
clear cell margins. The adipocytes were seen infil-
trating the subcutaneous muscle bundles, resulting
in disruption as well as mild hyaline degeneration
and necrosis, along with mild interstitial inflamma-
tion and focal fibroplasia (Fig. 2). However, the
tumours were neither encapsulated nor circum-
scribed and, importantly, no typical features sugges-

tive of malignancy such as cellular and nuclear pleo-
morphism or atypia or anaplasia were recorded. The
histological lesions were similar in all the examined
masses. Based on the characteristic gross and histo-
logical features and absence of anaplasia, the tumour
masses were identified as cutaneous infiltrative lipo-
mas. The internal organs viz. spleen, kidney and
liver did not show any remarkable histopathological
alteration.

DISCUSSION

Tumours in fish have been reported in almost all
the organs, as in higher animals and mammals (Fer-
guson 1989). However, teleosts mainly develop mes-
enchymal tumours (Mawdesley-Thomas 1972),
whereas higher vertebrates more commonly develop
tumours of ectodermal or endodermal origin (Marino
et al. 2006). Among mesenchymal tumours, lipomas
are the most common type of soft tissue tumour
(McTighe & Chernev 2014). Interestingly, lipomas
are localised nodules of fat with otherwise normal
appearance (Yager & Scott 1985), and a lipoma is
indistinguishable from normal adipose tissue his -
tologically as well as chemically. However, the fat
present in lipomas is unavailable to the body during
starvation, as lipomas are metabolically inactive
(Epivatianos et al. 2000). Lipomas have been re -
ported in most domestic animals (Goldschmidt &
Hendrick 2002), but they are relatively uncommon in
fish (Marino et al. 2011, De Stefano et al. 2012) and,
to date, 84 cases of lipoma affecting 53 species of fish
have been listed by the Registry of Tumors in Lower
Animals (J. Wolf pers. comm.). These include Thun-
nus maccoyii (Lester & Kelly 1983, Johnston et al.
2008), Ictalurus punctatus (McCoy et al. 1985),
Anguilla anguilla (Easa et al. 1989a), Mugil cephalus
(Easa et al. 1989b), Limanda limanda (Bruno et al.
1991), Lithognathus mormyrus (Volpatti et al. 1998),
Thunnus thynnus (Marino et al. 2006), Dicentrarchus
labrax (Marino et al. 2011) and Poecilia velifera (De
Stefano et al. 2012).

In the present study, multiple tumours that were
soft and nearly round were observed in the affected
goldfish. In earlier reports, lipomas have been ob -
served as single or multiple well-circumscribed
masses, which grew to very big size (up to 20 kg) in a
few cases (Easa et al. 1989b, Roberts 2012). More-
over, similar tumours have been reported to be soft
with their cut surfaces appearing greasy to the touch
(Roberts 2012), as was also observed in the present
case.
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Fig. 2. (A) Histological section of the mass showing mature
adipocytes disrupting the muscle bundles, leading to their
atrophy. (B) A higher magnification of the mass showing
well-differentiated adipocytes infiltrating the muscle fibres,
which appear to be undergoing hyaline degeneration (ar-
rows). Mild inflammatory reaction is evident (arrowheads)
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Histologically, the adipocytes were found infiltrat-
ing the muscle fibres, resulting in disruption, atrophy
and degeneration of muscle fibres. The tumours were
neither encapsulated nor circumscribed. Based on
the histological findings, the tumours were classified
as infiltrative lipomas. Previously, there have been
reports of infiltrative lipomas in a few fish species
(Hard et al. 1979, McCoy et al. 1985, Johnston et al.
2008, Marino et al. 2011). Our findings are in accor-
dance with earlier reports that infiltrative lipomas are
characterized by sheets of adipocytes between the
skeletal muscle and fascia (Yager & Wilcock 1994).
Moreover, these tumours are reported to be poorly
circumscribed with minimal stromal fibrous tissue
and lack of encapsulation (Sickinger et al. 2009). As
observed in the present study, infiltrative lipomas are
benign and composed of well-differentiated adi -
pocytes lacking cellular and nuclear pleomorphism
or anaplasia (Yager & Wilcock 1994). By definition, a
lipoma is considered benign, whereas an infiltrative
characteristic suggests somewhat malignant behav-
iour as these infiltrative lipomas are locally invasive
and reoccurrence after surgical excision is quite com-
mon (Saik et al. 1987, Sickinger et al. 2009). There-
fore, Saik et al. (1987) suggested that infiltrative li -
pomas should be classified as well-differentiated
liposarcomas. However, the infiltrative lipomas can
be differentiated from liposarcomas by the absence
of multivacuolated lipoblasts, cellular and nuclear
pleomorphism, mitotic activity and multinucleated
giant cells (Çalisaneller et al. 2009).

The etiology of infiltrative lipomas is still unknown.
It is unclear why some of the lipomas develop locally
invasive attributes and form an infiltrative lipoma. It
has been suggested that congenital infiltrative lipo-
mas may arise due to developmental disorders (Di
Giancamillo et al. 2002, Sickinger et al. 2009, Azizi et
al. 2011, Agerholm et al. 2016). However, for infiltra-
tive lipomas developing at a later age, a number of
factors viz. metaplasia, trauma, chronic irritation,
genetic predisposition and endocrine dysfunctions
may play an important role (McTighe & Chernev
2014). In addition, a role of aberrant high-mobility
group proteins in the development of infiltrative lipo-
mas is also suggested (Tallini et al. 1997). Although
various chromosomal alterations have been de -
scribed in human neoplasms of adipocyte origin (Bar-
tuma et al. 2008), such abnormalities have not yet
been described in adipose neoplasms of domestic
animals.

In the present study, infectious etiology was not
suspected as no parasites were observed in wet
mounts and tissue sections of tumour masses. Simi-

larly, bacteria could not be isolated from the masses
or demonstrated in tissue sections. Furthermore,
virus involvement was not suspected as cytopathic
effects were not observed in the inoculated cell line.
Therefore, in the present case, genetic predisposition
seems to be the probable reason for lipoma occur-
rence in 2 fish in the same tank. However, in earlier
studies, dysmetabolic syndrome has been suggested
to be the starting point for lipoma formation in aquar-
ium as well as farmed fish (Marino et al. 2011, De
Stefano et al. 2012). In the affected goldfish, the neo-
plasms were not responsible for any physiological
disturbance of the goldfish and did not hinder normal
activity of the fish. To our knowledge, this is the first
report of cutaneous infiltrative lipoma from goldfish.
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