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Expression of fatty acid synthase (FASN) in oral nevi and
melanoma
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3
, A Mosqueda-Taylor

4
, E Graner

1
,

OP de Almeida
1

1Oral Pathology Section, Department of Oral Diagnosis, Piracicaba Dental School, University of Campinas (UNICAMP),
Piracicaba, São Paulo, Brazil; 2Pathology Section, Centro Clı́nico de Cabeza y Cuello ⁄Hospital Herrera Llerandi, Guatemala City,
Guatemala; 3Oral Pathology and Medicine Department, Universidad Peruana Cayetano Heredia, Peru; 4Department of Health Care,
Universidad Autónoma Metropolitana, Xochimilco, Mexico City, Mexico

OBJECTIVE: The aim of this study was to determine the

expression of fatty acid synthase (FASN) in oral nevi and

melanomas, comparing the results with correspondent

cutaneous lesions.

MATERIALS AND METHODS: Expression of FASN was

evaluated by immunohistochemistry in 51 oral melano-

cytic lesions, including 38 intramucosal nevi and 13 pri-

mary oral melanomas, in 10 cutaneous nevi and in 14

melanomas.

RESULTS: Fatty acid synthase was strongly expressed

only in melanomas, either of the oral mucosa or cuta-

neous. On the other hand, most oral and cutaneous nevi

were negative, with a few oral cases showing focal and

weak expression.

CONCLUSION: Fatty acid synthase is expressed in

malignant melanocytes, and it can be a helpful marker to

distinguish oral melanomas from oral melanocytic nevi.
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Introduction

Fatty acid synthase (FASN) is a multifunctional enzyme
that participates in the endogenous synthesis of satu-
rated long-chain fatty acid, from the small carbon
precursors acetyl-CoA and malonyl-CoA (Jayakumar
et al, 1995; Baron et al, 2004). FASN is downregulated
in most normal cells, except in lipogenic tissues such as
liver, sebaceous gland, lactating breast, fetal lung, and
adipose tissue, because most of the fatty acids are

supplied by the diet (Weiss et al, 1986; Kuhajda, 2000).
On the other hand, FASN expression is upregulated in
several human cancers including prostate, breast, ovar-
ian, lung, stomach, colon, bladder, oral squamous cell
carcinoma, cutaneous melanomas, and soft tissue sar-
comas (Kusakabe et al, 2002; Swinnen et al, 2002; Rossi
et al, 2003; Takahiro et al, 2003; Silva et al, 2004, 2008;
Kapur et al, 2005; Carvalho et al, 2008) FASN overex-
pression has also been suggested as a potential prog-
nostic factor associated with a poor prognosis, increased
risk of recurrence, and metastases (Shurbaji et al, 1996;
Gansler et al, 1997; Innocenzi et al, 2003). Over 90% of
melanomas occur in the skin, but they may also affect
less frequently the oral mucosa, esophagus, meninges,
and the eyes (Prasad et al, 2004; Femiano et al, 2008). In
cutaneous melanomas, FASN protein expression has
been associated with Breslow thickness and conse-
quently with a poorer prognosis (Innocenzi et al, 2003;
Kapur et al, 2005). Nevertheless, there are no data
about the expression of FASN in oral nevi and
melanoma.

The objective of this work was to determine the
expression of FASN in oral nevi and melanomas,
comparing the results with correspondent cutaneous
lesions.

Materials and methods

Formalin-fixed, paraffin-embedded tissue blocks were
obtained from 51 and 24 oral and cutaneous melano-
cytic lesions, respectively. Oral lesions corresponded to
38 intramucosal nevi and 13 primary oral melanomas,
and cutaneous included 10 compound melanocytic nevi
and 14 melanomas (11 superficial spreading melanomas
and three nodular). All lesions were revised using H&E
preparations to confirm the diagnosis. Primary oral
melanomas were classified according to Prasad et al
(2004), and 11 and two cases corresponded to level III
(very deep invasion) and in situ, respectively.
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Cutaneous melanomas were histologically classified
using Breslow thickness and Clark level index (Breslow,
1970). Five cases had a Breslow thickness <1 mm, six
cases between 1 and 2 mm, and three cases >2 mm.
One case had Clark level I, 10 cases level II, and three
cases level III.

For immunohistochemical staining, 3-lm-thick sec-
tions mounted on silane-coated glass slides were used.
Briefly, the sections were deparaffinized and rehydrated
in graded ethanol solutions, and after antigen retrieval
with EDTA ⁄Tris buffer (pH 9.0) in a microwave oven
(1380 W; Panasonic, São Paulo, Brazil), endogenous
peroxidase activity was blocked with 20% H2O2 by five
cycles of 5 min each. Overnight incubation with the
primary antibody anti-FASN (BD Biosciences, Franklin
Lakes, NJ, USA) diluted in bovine serum albumin
(1:200) was followed by the incubation with secondary
antibody conjugated with polymer dextran marked with
peroxidase (Dako EnVision Labelled Polymer; Dako,
Glostrup, Denmark). The reaction was developed with
Permanent Red (Permanent Red Substrate System;
Dako) and counterstained with Carazzi hematoxylin.
Positive and negative controls were included in all
reactions.

Fatty acid synthase was analyzed using a combined
scoring system based on both the fraction of positive

tumor cells and the predominant staining intensity in the
tumor according to Innocenzi et al (2003). The fraction
of positive cells was estimated using a four-tiered scale
(<10% = 1, 11–50% = 2, 51–80% = 3, and
>80% = 4). The staining intensity was graded subjec-
tively from 0 to 3 (negative: 0, low intensity: 1,
moderate: 2, and strong: 3).

Results

The demographic data of the 75 oral and cutaneous
melanocytic lesions are summarized in Table 1. All oral
melanomas either in situ or invasive showed strong
staining intensity for FASN antibody in more than 80%
of malignant cells, while 30 cases of oral melanocytic
nevi were negative and eight expressed the protein
focally (<10%) with low intensity. Epithelium of the
normal mucosa was negative on the basal layer and
diffusely positive in the cytoplasm of cells of the stratum
spinosum and granulosum (Figure 1).

Considering the cutaneous lesions, FASN protein was
strongly expressed in more than 80% of neoplastic cells
in all cases of melanomas and negative for all compound
melanocytic nevi (Figure 2). In melanomas, staining was
more intense in cases with Clark level III and Breslow
thickness >2 mm (three cases with strong staining)

Table 1 Demographic data of 75 oral and cutaneous melanocytic lesions

Tumor type
Number
of cases

Age range
(mean years) Male Female Localization

Intramucosal nevi 38 16–67 (36) 8 30 Hard palate (13), buccal mucosa (11), gingiva (10), not specified (4)
Primary oral melanoma 13 23–86 (58) 4 9 Hard palate (8), hard palate and upper gingiva (3), upper gingiva (2)
Compound melanocytic nevi 10 18–58 (38) 6 9 Upper extremity (3), lower extremity (2), head and

neck (1), trunk (3), not specified (1).
Cutaneous melanoma 14 31–75 (58) 3 11 Upper extremity (3), lower extremity (2), head and neck (4), trunk (5)

(a) (b)

(c) (d)

Figure 1 Expression of fatty acid synthase (-
FASN) in oral melanocytic lesions: (a) intra-
mucosal nevi showing FASN expression in
the stratum spinosum of normal oral epithe-
lium, while the nevi is negative, (b) intramu-
cosal nevi rich in melanin showing absence of
FASN expression, (c) oral in situ melanoma
showing positivity for FASN, (d) invasive oral
melanoma demonstrating high expression of
FASN (Envision-Permanent Red, A–D, ·200)
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when compared with melanomas Clark levels I and II
and Breslow thickness <2 mm (11 cases with moderate
staining). Normal skin epithelium was negative for
FASN, except the sebaceous gland that strongly
expressed this protein (Figure 2).

Discussion

Fatty acid synthase is the key enzyme responsible for the
synthesis of fatty acids, catalyzing the conversion of
acetyl-CoA and malonyl-CoA into long-chain fatty acids
(Jayakumar et al, 1995; Baron et al, 2004). Normal cells
do not express FASN because they use fatty acids from
dietary lipids, except those that are lipogenic (Kusakabe
et al, 2000). Nevertheless, it is abnormally expressed in
many human cancers cells because of their increased
energy need (Visca et al, 2003; da Silva et al, 2009).

The regulation of FASN production in normal and
malignant cells is complex and not well understood.
Progesterone stimulates FASN expression in breast
cancer cells lines (Lacasa et al, 2001), while in prostate
cancer, FASN activity is upregulated by androgens and
epidermal growth factor (Heemers et al, 2001). It seems
that FASN is essential for cancer cell survival, as its
specific inhibitors like cerulenin, C75, or Orlistat reduce
cell proliferation and stimulate apoptosis (Li et al, 2001;
Zhou et al, 2003; Kridel et al, 2004; Alli et al, 2005;
Carvalho et al, 2008). These findings indicate that acti-
vation of fatty acid synthesis may be required for the high
proliferation levels of cancer cells (Silva et al, 2004).

There are no data on expression of FASN in oral
melanocytic lesions, and only two reports consider its
relevance in cutaneous melanomas and nevi (Innocenzi
et al, 2003; Kapur et al, 2005). We found that FASN
was strongly expressed in all oral melanomas studied,
and it was negative or eventually focally and weakly
expressed in eight of 38 cases of oral nevi. Therefore,
FASN activation in oral melanomas, as in various

other cancers, seems to be relevant for malignant
transformation of oral melanocytes. Also, it can be
potentially useful as a diagnostic marker to distinguish
nevi from melanoma. In fact, two cases of in situ oral
melanomas were also strongly positive for this protein.
Surprisingly, Kapur et al (2005) demonstrated that
congenital nevi show high levels of fatty acid synthase
expression, near to that seen for metastatic melano-
mas. The expression of fatty acid synthase in congen-
ital nevi could represent either persistence or regression
to a fetal immunophenotype, because it is known that
fetal cells express high levels of fatty acid synthase
(Kusakabe et al, 2000). These lesions very rarely occur
in the mouth, with no data about FASN expression
(Allen and Pellegrini, 1995; Rose et al, 2003; Meleti
et al, 2007). There is no evidence that oral melanocytic
nevi increase the risk for oral melanomas, but it is
accepted that these melanomas are preceded by
pigmented lesions of unknown characteristics (Meleti
et al, 2007). It would be interesting to determine
FASN expression in atypical melanocytic hyperplasias
of the mouth, but as they are very rare, a multicentric
study would be necessary to select cases of interest.

Our results with cutaneous nevi and melanomas
confirm the data of Innocenzi et al (2003) and Kapur
et al (2005), which are similar to the results found in the
oral counterparts, i.e., FASN is strongly positive for
melanomas and negative for melanocytic nevi. We also
confirmed that increased FASN expression is associated
with depth of invasion in cutaneous melanomas, and
this differed from the results of oral mucosa, where
invasive and in situ lesions showed similar strong
positivity. In cutaneous melanomas, the highest FASN
staining intensity was seen in cases with Clark level III
and Breslow thickness >2 mm. These data are in
accordance with Kapur et al (2005) who demonstrated
that the immunohistochemical intensity of FASN is
associated with Breslow thickness, suggesting this

(a) (b)

(d)(c)

Figure 2 Expression of fatty acid synthase
(FASN) in cutaneous melanocytic lesions:
(a) compound melanocytic nevi which
demonstrates strong FASN positivity only in
normal sebaceous glands, (b) expression of
FASN in Clark I melanoma cells, (c) Clark II
melanoma with melanocytic cells positive for
FASN, (d) strong FASN expression in
neoplastic cells of Clark III melanoma
(Envision-Permanent Red, a–d, ·200)
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protein as a molecular prognostic marker. Innocenzi
et al (2003) showed that patients with cutaneous mela-
nomas, which expressed high levels of FASN, had an
increased risk of developing metastases and recurrence
of the disease. They also demonstrated that melanomas
thicker than 2 mm, with a strong FASN immunoreac-
tivity, were more likely to be lethal than those with
comparatively lower expression. Nevertheless, our
results suggest that these cutaneous parameters in
relation to FASN may not be applied to oral melano-
mas. In fact, oral melanomas are very aggressive, most
with very poor prognosis (Prasad et al, 2002).

Considering normal tissues, in the skin, the sebaceous
glands are strongly positive for FASN, serving as an
internal positive control reflecting the active synthesis of
fatty acids. On the other hand, the normal oral epithe-
lium was positive for FASN in the strata granulosum
and spinosum and negative in the stratum basale. Those
results are consistent with the fact that the keratinocytes
of the strata granulosum and spinosum contain about
three times more lipids than those of the stratum basale
(Uchiyama et al, 2000), suggesting that fatty acid
synthesis is increased during normal oral epithelium
differentiation (Uchiyama et al, 2000; Silva et al, 2008).

In summary, our findings show that oral melanomas
express high levels of fatty acid synthase similarly to
their cutaneous counterparts. Nevertheless, FASN
staining intensity in cutaneous melanomas increases
with increasing depth of invasion, while in oral mela-
nomas, expression seems to be similar. As FASN is
practically negative for melanocytic nevi, it can be a
useful marker for differential diagnoses of oral and
cutaneous benign and malignant melanocytic lesions.
Future multicentric studies considering FASN expres-
sion in atypical melanocytic lesions of the mouth would
be interesting to better understand the biology and
development of oral melanomas.
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