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INTRODUCTION

The Mediterranean seabass Dicentrarchus labrax is
one of the most important teleostean species for the
farming industry in the Mediterranean Sea. Although
infectious and parasitic diseases have been widely
studied in this fish, no reports concerning tumours are
available in the literature. The Regulation (EC) No.
852/2004 imposes the obligation for primary producers
to register diseases and other hygiene and health prob-
lems. Careful semeiotic and pathological screenings
may be enough to help to meet such obligations. This
Note results from such a health control performed on a
fish farm and describes a spontaneously occurring
tumour in a farmed Mediterranean seabass.

Some previous investigations aimed at comparing
biochemical characteristics of the lipid component of
the normal and neoplastic muscular tissue are very

interesting and stimulate further in-depth examina-
tions. As early as 1963, Jacob observed a higher fatty
acid synthesis in human lipoma (Jacob 1963). Singer et
al. (1997), trying to define the malignancy grading,
found important qualitative and quantitative dif -
ferences among the fatty acids in normal fat, well-
 differentiated liposarcomas, dedifferentiated liposar-
comas and pleomorphic liposarcomas; in particular,
they observed an increase in the degree of polyunsat-
uration in the dedifferentiated and pleomorphic
liposarcomas compared with the well-differentiated
liposarcoma. Hietanen et al. (1986) reported no signifi-
cant differences in the fatty acid content of lipoma
compared with healthy tissue, but a marked increase
in the relative amounts of unsaturated fatty acids,
especially arachidonic acid, and a decrease in satu-
rated fatty acids in mammary cancers compared with
healthy reference tissue or lipomas. Park et al. (1996)
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demonstrated an increase in lipoprotein lipases in lipo-
matous tissue compared with close healthy tissue, con-
firming that the subunits mainly secreted in lipomas
were those with a weight of 55 kDa. Also, Solvonuk et
al. (1984) found a higher number of pre adipocytes and
a higher level of lipoproteinlipases in lipomas com-
pared with physiological fat tissue, with direct influ-
ences on the growth ability of the tumour. The lipopro-
tein lipase is an enzyme of the hydrolase class that
catalyzes the reaction of triacylglycerol and water to
yield diacylglycerol and a fatty acid anion; it occurs on
the capillary endothelial surfaces, especially in mam-
mary, muscle and adipose tissue. When the activity of
this enzyme increases, such as in lipomas, there is a
greater level of fatty acids, freed from the glycerol,
than in normal fat (Park et al. 1996). Similar influences
were also suggested by Sarkisov et al. (1984), who
stated that differentiation of lipomas is supported
by the vascular cells. Recently, studies (Wohlgemuth
2010) have reported that changes in lipid profiles can
mark development stages, or more ominously, patho-
logical states such as neurodegenerative disorders and
metabolic disorders; additionally, research is now try-
ing to explain how dysregulations in lipid metabolism
may underlie certain forms of cancer, underlining the
use of lipids as biomarkers.

A new approach to the investigation of lipoid neo-
plasms through the analysis of the lipid component of
normal and pathological muscular tissue of fatty acid
content, as potential indicators of the aetiology, is pro-
posed here.

MATERIALS AND METHODS

An adult seabass approximately 400 g in weight,
originating from a local fish farm located in the
Tyrrhenian Sea (Italy), was examined. The farming sys-
tem was based on 8 seafloating cages (15 × 15 × 15 m),
rearing 10 000 fish (Mediterranean seabass and gilt-
head sea bream) per cage, fed with commercial food.

Normal and pathological muscular tissues from the
area of the lesions were sampled, fixed in 10%
buffered formalin solution and embedded in paraffin
wax. Sections (5 μm thick) were stained with haema-
toxylin & eosin.

Similar fresh samples were collected to analyze the
lipid profile. Specifically, one sample (A) consisted ex -
clusively of pathological muscular tissue from the lar -
gest nodule, whereas another sample (B) consisted only
of normal muscular tissue from contiguous districts.

For both types of tissue samples, the total lipids were
extracted from homogenized tissue by the method of
Folch et al. (1957) using a mixture of chloroform/
methanol (2:1, v/v). The fatty acids methyl esters

(FAMEs) of the fat were prepared by direct transester-
ification with sulphuric acid/methanol (1:9, v/v) of the
weighted portion (15 mg) of the total lipids (Christie
1993) and analysed using a SHIMADZU 17A gas-
 chromatograph, operated with a split/splitless injector,
a flame ionization detector and fused silica capillary
column OMEGAWAX 250 (Supelco), 30 m × 0.25 mm
internal diameter, 0.25 μm film thickness. Column tem-
perature was programmed as follows: from 160 to
190°C with increments of 2°C min–1 and from 190 to
230°C with a final isotherm of 250°C (30 min). The tem-
peratures of the injector and detector were 265 and
275°C, respectively. The injection volume was 1.0 μl;
the carrier gas was helium (1.2 ml min–1); and the split
ratio was 1:50 (Salvo et al. 1998). Identification of fatty
acids was made by comparing the relative retention
times of FAME peaks from samples with standards
from Supelco. Chromatogram peak areas were
acquired and calculated by CLASS-VP software and
expressed as a percentage of the identified total
FAMEs.

On the basis of the fatty acids identified, the quality
indices were calculated using the following equations
proposed by Ulbricht & Southgate (1991):

The data relating to fatty acid composition were ana-
lyzed by ANOVA using the GLM procedure of SAS
(2001) with a model that included the variable type of
tissues (pathological vs. normal muscular tissues) and
the experimental error. The analysis of each tissue was
replicated 3 times and the results of each sample were
considered as experimental units.

Differences were considered significant at p < 0.05.

RESULTS

At external examination, the specimen showed a
prominent deformation of the left side of the body due
to the presence of 3 large masses protruding towards
the surface (Fig. 1). The overlying epidermis was nor-
mal. The 3 lumps were irregularly spherical, firm and
slightly elastic in consistency. The largest mass had a
diameter of approximately 40 mm. At the cut surface,
the tissue was light grey in color with some light pink
areas, resembling muscle tissue, and showed a larda-
ceous texture. The novel tissue had gradually infil-

Thrombogenic index =

C14:0 + C16:0 + C18:0
(00.5 MUFA) + (0.5 n-6 PUFA) + (3 n-3 PUFA× × × ))

+ (n-3 PUFA/n-6 PUFA)

Atherogenic index =
C12:0 + (4 C14:0) + C1× 66:0

n-6 PUFA + n-3 PUFA + MUFA
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trated and replaced the muscle tissue, and the latter
was sometimes detected within the growth. The
masses had no capsule, some margins were distinct,
and sometimes finger-like infiltrations of the muscles
were present (Fig. 2). Small hemorrhages were rarely
detected. The remaining body organs and tissues were
normal at pathological examination. Histologically, at
low magnification, the muscular tissue was replaced
by a lipomatous growth. The neoplastic tissue was
characterized by well-differentiated mature adipo -
cytes containing a single large fat vacuole, without evi-
dence of mitoses. Fat cells were uniform, although they
sometimes appeared clearly pleomorphic. Only at
small foci were cellular elements with features resem-
bling preadipocytes visible; these were mainly very
small, sharply indented cells with cytoplasm contain-
ing several vacuoles and free lipid drops. Adipocytes
without nuclei but with a continuous cytoplasmic
membrane and fat cells which apparently disturbed
the integrity of the membrane and formed a steato-
necrotic feature were also detected in some areas of
the tissue sections. In these areas, adipocytes often
appeared concentrically arranged in sheets. A few
scattered blood vessels and sometimes small hemor-
rhages were seen. As already described at necropsy, a
finger-like infiltration of the underlying muscle tissue
(Fig. 3) was observed in several portions of the patho-
logical tissue. Muscle fibers immediately close to the
growths were characterized by severe regressive
changes, such as thickening of myofibres, granular
degeneration with fragmentation and hyalinization,
and nuclear dislocation. In some fields, close to such
areas, pathological changes resembling a fat metapla-
sia presumably of interstitial origin, i.e. more than a
simple fat infiltration of the muscle, were detected.

Results of the ANOVA performed on the fatty acid
classes, fatty acid ratios, quality indices (which are, from
a nutritional point of view, strictly correlated to patholog-
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Fig. 2. Dicentrarchus labrax. Cut section of the mass  show-
ing a homogeneous texture and the tendency of the patho -
logical tissue to invade muscle tissue with fingler-like infil-

trations (arrow)

Fig. 1. Dicentrarchus labrax. Macroscopical appearance of the 
tumours deforming the body dorso-laterally

Fig. 3. Dicentrarchus labrax. Histological section (haema-
toxylin & eosin) showing a finger-like infiltration of the
tumour tissue towards the underlying slightly degenerated 

muscle tissue. Scale bar = 50 μm
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ical phenomena such as the formation of atheroma
and/or thrombus) and fatty acid profiles obtained from
the neoplastic (Sample A) and normal (Sample B) mus-
cular tissues are reported in Tables 1 and 2.

The saturated fatty acids (SFAs) showed similar val-
ues in both samples (A: 27.99% vs. B: 27.11%; p =
0.325), whereas significant differences between the
samples were observed for the monounsaturated fatty
acids (MUFAs), which showed lower (p = 0.005) values
in the neoplastic sample (38.46%) than in the normal
sample (43.44%), and for the polyunsaturated fatty
acids (PUFAs) which showed higher (p = 0.009) values
in the neoplastic sample (33.54%) than the normal
sample (29.45%; Table 1). In particular, the main dif-
ferences in the MUFAs were observed (Table 2) for the
vaccenic (C18:1n7; p = 0.002), gadoleic (C20:1n9; p = 0.013)
and cetoleic (C22:1n11; p = 0.001) acids; in terms of the
PUFAs, the neoplastic sample showed higher (p <
0.001) fatty acid content for the n3 series (24.86%) than
those for the normal sample (21.07%; Table 1). These
differences were related to the higher content of eicos-
apentanoic (EPA; C20:5n3; p = 0.007) and docosahexa-
noic (DHA; C22:6n3; p = 0.005) acids in Sample A (7.63
and 11.64%, respectively) than  in Sample B (6.13 and
9.96%, respectively; Table 2). PUFAs of the n6 series
showed similar (p = 0.119) percentages in both mus -
cular samples (Table 1). The ratio of PUFAs to
PUFAs+MUFAs (PUFAs:UFAs ratio), which is a mea-
sure of the degree of polyunsaturation, showed a sig-
nificantly (p = 0.020) higher value in the pathological
tissue than in the normal muscular tissue (Table 1). No
significant differences were observed (Table 1) for the
ratio of UFAs to SFAs (p = 0.222) or for the 2 quality
indices, atherogenic (p = 0.451) and thrombogenic (p =
0.351), calculated on the basis of the fatty acid profile

determined in both samples. In fact, SFAs with a chain
length of 14, 16 or 18 carbon atoms have been sug-
gested to be thrombogenic (Hornstra & Lussenberg
1975), whereas SFAs with a chain length of 12, 14 or 16
carbon atoms have been suggested to be atherogenic.
The MUFAs, n-3 PUFAs and n-6 PUFAs have been
shown to reduce plasma triacylglycerols, thromboxane
B2 and platelet activity and prolong bleeding time and
heparin-thrombin clotting time (Burr 1989). Therefore,
Ulbricht & Southgate (1991), in an attempt to take into
account the different effects of the various fatty acids,
proposed atherogenic and thrombogenic indices that
might better characterize the atherogenic and throm-
bogenic potential than simple approaches such as total
SFAs or the ratio of PUFAs to SFAs (Fehily et al. 1994).
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Parameter LSM SEM p
Sample A Sample B

Sum SFAs 27.99 27.11 0.19 0.325
Sum MUFAs 38.46 43.44 0.35 0.005
Sum PUFAs 33.54 29.45 0.27 0.009
Sum n3 PUFAs 24.86 21.07 0.17 <0.001
Sum n6 PUFAs 8.69 8.38 0.09 0.119
PUFAs:UFAs 0.47 0.40 0.01 0.020
UFAs:SFAs 2.575 2.7 0.05 0.222
Atherogenic index 0.445 0.45 0.01 0.451
Thrombogenic index 0.245 0.28 0.01 0.351

Table 1. Least-squares mean (LSM), standard error of the
mean (SEM) and p-values of the percentage of the fatty acid
classes, fatty acid ratios and quality indices in the pathologi-
cal (Sample A) and normal (Sample B) muscular tissues. Per-
centages are expressed on the basis of the identified total
fatty acid methyl esters. MUFA: mono unsaturated fatty acid;
PUFA: polyunsaturated fatty acid; SFA: saturated fatty acid; 

UFA: unsaturated fatty acid

Fatty acid LSM SEM p
Sample A Sample B

SFAs
C14:0 3.605 3.62 0.06 0.628
C15:0 0.365 0.38 0.01 0.117
C16:0 18.075 18.42 0.36 0.089
C17:0 0.35 0.3 0.01 0.222
C18:0 3.465 3.77 0.07 0.074
C20:0 0.38 0.32 0.01 0.088
C22:0 0.23 0.2 0.01 0.321
C24:0 0.055 0.1 0.01 0.057

MUFAs
C16:1n7 5.145 5.32 0.06 0.115
C17:1 0.32 0.3 0.01 0.552
C18:1n9 22.055 22.27 0.21 0.114
C18:1n7 1.905 2.96 0.03 0.002
C20:1n9 5.025 5.96 0.07 0.013
C20:1n7 0.625 0.73 0.02 0.052
C22:1n11 4.08 5.19 0.05 0.001
C22:1n9 0.565 0.7 0.02 0.050

n3 PUFAs
C18:3n3 1.605 1.49 0.02 0.110
C18:4n3 1.285 1.03 0.02 0.111
C20:3n3 0.3 0.19 0.01 0.042
C20:4n3 0.865 0.66 0.01 0.054
C20:5n3 EPA 7.63 6.13 0.11 0.007
C21:5n3 0.345 0.42 0.01 0.099
C22:5n3 1.345 1.18 0.02 0.231
C22:6n3 DHA 11.635 9.96 0.06 0.005

n6 PUFAs
C18:2n6 6.47 6.44 0.05 0.221
C18:3n6 0.21 0.22 0.01 0.366
C20:2n6 0.23 0.19 0.01 0.085
C20:3n6 0.78 0.71 0.02 0.221
C20:4n6 ARA 1.065 0.83 0.03 0.042

Table 2. Least-squares means (LSM), standard error of the
mean (SEM) and p-values of the percentages of the fatty acid
profile in the pathological (Sample A) and normal (Sample B)
muscular tissues. Percentages are expressed on the basis of the
identified total fatty acid methyl esters. ARA: arachidonic acid;
DHA: docosahexanoic acid; EPA: eicosapentanoic acid;
MUFA: monounsaturated fatty acid; PUFA: polyunsaturated
fatty acid; SFA: saturated fatty acid; UFA: unsaturated fatty acid
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DISCUSSION

All the features described by the macroscopic and
microscopic examinations were consistent with a diag-
nosis of a multicentric infiltrative lipoma. Histologi-
cally, the neoplasm was mainly constituted of well-
 differentiated adipocytes, without evidence of mitosis
and with a sharp tendency to infiltrate the surrounding
tissues, as reported in lipomas of higher vertebrates.
Blood vessels were present, although not involved in
neoplastic transformation, permitting a differential
diagnosis with angiolipoma.

According to the World Health Organization Inter-
national Histological Classification of Tumours of
Domestic Animals (Hendrick et al. 1998), tumours aris-
ing from adipose tissue are classified as either benign
(lipoma and angiolipoma) or malignant (liposarcoma).
Lipoma is a benign tumour of well-differentiated adi -
pocytes that is found in most domestic animals (Gold-
schmidt & Hendrick 2002) as well as humans. Histolog-
ically, a lipoma is often indistinguishable from normal
adipose tissue. Lipomas are localized nodules of fat
with an otherwise normal appearance and only their
lumpy appearance has justified their traditional in -
clusion as neoplasms (Yager & Scott 1985). This
 mesenchymal neoplasm has been reported in both
freshwater and marine fish, where it is, however, con -
sidered a rare tumour; indeed, it has never been re -
ported before in seabass. Lipomatous neoplasms
 (lipomas, liposarcomas, fibrolipomas, etc.) have been
de scribed in bream Abramis brama (Mawdesley-
Thomas & Bucke 1968), rockfish Sebastodes diploproa
(Harshbarger & Bane 1969), catfish Ictalurus punctatus
(Mc Coy et al. 1985), mullet Mugil cephalus (Easa et al.
1989), wild dab Limanda limanda (Bruno et al. 1991),
farmed striped seabream Lithognathus mormyrus
(Vol patti et al. 1998), farmed halibut Hippoglossus hip-
poglossus (Bambir et al. 2000), Thunnus spp. (Munday
et al. 2003), farmed northern blue fin tuna Thunnus
thynnus (Marino et al. 2006), farmed southern bluefin
tuna Thunnus  maccoyii (Lester & Kelly 1983, Johnston
et al. 2008), largemouth bass Micropterus salmoides
(Mawdesley-Thomas 1972) and black crappie Pomoxis
nigromaculatus (Harshbarger 1972). Infiltrative lipo-
mas with similar characteristics to those described here
have been reported from I. punctatus (McCoy et al.
1985), Platycephalus bassensis (Hard et al. 1979) and
T. maccoyii (Johnston et al. 2008).

Data for fatty acid profile indicate a greater level of
PUFAs in the pathological than the normal muscular
tissue; this was also confirmed by the higher degree of
polyunsaturation. Our observations do not fit with
those of Hietanen et al. (1986) when they, comparing
fatty acid content in lipoma and healthy tissue, report
did not observe significant differences, while, are in

accordance with this study when authors described a
marked increase of the desaturation degree and of the
arachidonic acid in mammary cancers compared with
a healthy reference tissue or lipomas. As a possible
explanation, Hietanen et al. (1986) suggest that fatty
acids might have a role in the development of cancer,
possibly related to the formation of reactive metabo-
lites of UFAs in the initiation of cancer or to their pro-
motional effects.

In addition, Singer et al. (1997) reported an increase
in the degree of the levels of PUFA:UFA ratios in the
dedifferentiated and pleomorphic liposarcomas com-
pared with well-differentiated liposarcoma, indicating
that (1) the lipid metabolites function as biomarkers to
predict metastatic potential and risk of recurrence in
patients with liposarcoma and (2) the fatty acid changes
are sarcoma specific. Moreover, our results show that
EPA, DHA and arachidonic acid (ARA) are responsible
for the higher degree of polyunsaturation in the patho-
logical tissue compared with the normal muscular tis-
sue; these long-chain PUFAs derived, through desat-
urase and elongase enzyme activity, from the linolenic
and linoleic acids, which showed no significant differ-
ence in both muscular tissues. Therefore, the observed
increase of long-chain PUFAs in this study could be re-
lated to the degree of neoplastic cell differentiation,
which depends on gene expression and the hormonal
environment, with the associated phenotypic change in
fatty acid synthesis and degradation, as reported by
Singer et al. (1997). Thus, these histological types of li-
posarcoma represent a spectrum of adipocyte differen-
tiation that may be quantitatively characterized by their
lipid metabolites (Singer et al. 1997), which, in our
study showed a marked increase of the long-chain fatty
acid synthesis in the pathological muscular tissue.

In conclusion, data suggest that metabolomic re -
search of lipids and lipid metabolites (lipidomic) is
essential not only for enhancing the understanding of
different influences such as genetic, nutritional,
behavioral and environmental factors, but also for the
study of healthy and diseased cells (Wohlgemuth
2010). Lipoma is by definition benign, whereas infil -
trative lipoma has infiltrative and destructive charac-
teristics, suggesting malignancy. It has therefore been
suggested that this form actually represents a well-
 differentiated liposarcoma (Saik et al. 1987, Fletcher &
McKee 1992).

Because of the rarity of tumours of fat tissue in fish
and the scarce availability of data in the literature, it is
only possible to hypothesize on their etiopathogenesis.
The aetiology of lipoma development is unknown,
even if an error in fat metabolism (Easa et al. 1989,
 Pulley & Stannard 1990) or endocrine or neurological
dysfunctions (Easa et al. 1989) have been proposed as
possible causes, suggesting that lipoma development
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may be due to excessive differentiation of interstitial
mesenchymal cells into adipocytes, a form of hyperpla-
sia (Pulley & Stannard 1990).

However, it is reasonable to assume that in such neo-
plasms, including the case described here, a dismeta-
bolic disturbance may be encountered. In farmed fish,
aspects regarding the qualitative and quantitative pro-
files of the lipid component of the muscular tissue are
complex and sometimes enigmatic. In our opinion, the
dysmetabolic syndrome may be the starting point to
promote lipoma formation, and this assumption may
help to explain the relative frequency of lipomas com-
pared with other tumours in farmed fish. Although
similar tumours have been described in wild fish, we
suggest that farming in itself may induce such a rela-
tive increase in frequency through management
issues. However, the increase may also be explained
by the fact that veterinary controls make it easier to
detect such le sions in farmed fish.
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