ANTICANCER RESEARCH 24: 4169-4174 (2004)

Fatty Acid Synthase (FAS) is a Marker of Increased
Risk of Recurrence in Lung Carcinoma
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Abstract. Background: We explored the expression of Fatty
Acid Synthase (FAS) in lung carcinomas and its association
with clinico-pathological features and prognosis. FAS is a
recently discovered molecule involved in the energy supply of
normal cells. FAS is also overexpressed in neoplastic tissues
because of their increased necessity for energy. Patients and
Methods: One hundred and six patients with non-small cell
lung carcinoma were followed-up for an average period of 5
years. FAS expression was detected immunohistochemically.
Results: FAS staining was observed in 61 out of 106 cases
(57.54%). Statistical analysis revealed that FAS had an
overall low prognostic value (p=0.14), while FAS-negative
expression in stage I patients showed a trend for better survival
(p=0.10). PTNM stage (p<0.0001) was the only significant
prognostic marker for overall survival. Conclusion: FAS is a
reliable marker of low-stage clinically aggressive Ilung
carcinomas. The determination of FAS expression in lung
carcinomas may stratify patients and determine therapeutic
approaches for their care.

Lung carcinoma remains the leading cause of death in men
and women in the United States (1), mostly affecting people
between the ages of 50 and 80 years (2) . Lung carcinoma, in
similarity to all tumors, has an increased necessity for energy
and, therefore, may develop certain metabolic pathways in
order to gain energy, synthesizing, among other sources,
endogenous fatty acids. Endogenous fatty acid synthesis is
determined by high levels of fatty acid synthase (FAS). FAS
is a multifunctional enzyme that has various functions within
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cells such as energy storage, membrane structure, signal
transduction cascades and protein acylation (3). Normally it
is expressed at low levels in human tissue due to down-
regulation mediated by dietary lipids (4). We and others have
shown (5-8) that this enzyme is overexpressed in non-
neoplastic, highly proliferative lesions and in aggressive
carcinomas with poor outcome. As FAS has a role in the
metabolic activities of normal and pathological (i.e. neoplastic)
tissues, we evaluated, by means of immunohistochemistry, the
significance of FAS overexpression in lung carcinomas and its
association with clinico-pathological features and prognosis.

Patients and Methods

Patient specimens. We studied 106 patients surgically treated for
lung carcinoma at the Regina Elena Cancer Institute of Rome,
Italy, between January 1983 and November 1995. Clinical
information was obtained from the medical records. The clinical
data collected included the patient’s name, race, the family and
patient’s lung cancer history and type of surgery. Ethical approval
and informed consent from eligible patients were appropriately
acquired. The histopathological data included tumor size,
histological subtype (9) and grade (10), evidence of necrosis and
stage of the disease according to the TNM classification (11).
Control specimens were obtained from 10 patients negative for
cancer who underwent lobectomy for bronchiectasis.

Scoring of FAS immunoreactivity. FAS cytoplasmic immuno-
histochemical expression was performed using a combined scoring
system based on the fraction of positive tumor cells and the
predominant staining intensity in the tumor. FAS staining intensity
was scored blindly, by the primary author (P.V.), in tissue sections
identified only by the surgical accession number. FAS staining
intensity was scored on a 4-tiered scale: 0=negative, 1=Ilow intensity
positive staining, 2=moderate intensity positive staining, 3= strong
intensity positive staining. The intensity was determined relative to the
intensity of FAS-positive internal controls such as peripheral nerve
tissue included in the specimens observed. The fraction of positive
tumor cells was estimated using a 4-tiered scale (10%=1, 11-50%=2,
51-80%=3, >80%=4). The overall score in each case was scored as
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the product of the staining intensity and the positive fraction score.
Each case was scored twice, independently, by each of two pathologists
(P.V. and M.G.D.) with subsequent reconciliation of scored values.
For statistical purposes, overall scores > 6 were considered positive.
Control specimens, prepared in the absence of the primary antibody,
confirmed the specificity of the lung epithelial immunoreaction.

Tumor collection and immunohistochemical procedures. We used
tissue sections cut from specimens fixed in buffered-formalin and
paraffin-embedded at the Department of Pathology of the Regina
Elena Cancer Institute of Rome, Italy, in accordance with the
institutional guidelines for the use of discarded human tissue. A
monoclonal mouse purified antibody specific to FAS (dilution
1:3000) was used. Targeting antibody reaction was performed in an
automated immunostainer (DAKO, Carpinteria, CA, USA) using
an LSAB2 kit (DAKO) after heat-induced epitope retrieval in
citrate buffer, pH 6.0, twice for 5 minutes using a steamer method.
3,3’-diaminobenzidine was the chromogen. Anti-FAS antibody was
a gift from F.P. Kuhajda, MD, Department of Pathology, Johns
Hopkins Medical Institutions, Baltimore, MD, USA.

Patients’  follow-up  techniques. Patients were followed
postoperatively for a median 5-year period. Disease-free survival
(DFS) and overall survival (OS) were calculated from the date of
surgery to the date of first recurrence or death with active disease.
Recurrence was the evidence of new disease manifesting at or near
the original cancer or in a different site. The status of disease at
death was determined by autopsy.

Statistical analysis. Cut-off points were decided on the basis of the
median value of the immunohistochemical scores observed. Values
equal to or greater than the median value were considered positive.
Because of the relatively small number of cases available for this
study, a strategy to use exact p-values in all the statistical analyses
was adopted. Groups were compared by using the Fisher exact test.
The logistic regression model was used to estimate prognostic
factors for S-year survival rate. In the multivariate logistic regression
evaluation only those variables that had a p of <0.10 in univariate
analysis were included in the model. All p-values were two-sided.
Statistics were performed by using the StatXact4 and LogXact4 for
Windows (CYTEL Software Corporation,Cambridge,MA,USA).

Results

Histotype. All 106 cases were non-small cell lung carcinomas.
Fifty-three cases were squamous cell carcinomas, 41 were
adenocarcinomas and 12 were large cell carcinomas. All
patients underwent lobectomy (85 cases) or pneumectomy
(21 cases) with removal of regional lymph nodes, and were
followed-up for 5 years after surgery.

Histological grade. Twenty-five cases were well-differentiated
(G1), 33 cases were moderately-differentiated (G2) and 48
cases were poorly-differentiated carcinomas.

Stage. Fifty-six (52.9%) out of 106 cases were Stage I, 26

(24.6%) were Stage II, 20 (18.9%) were Stage IIIA and 4
(3.6%) were Stage I1IB.
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Table 1. Impact of clinico-pathological variables and FAS expression after
a 5-year follow-up. Univariate analysis.

Parameter S-year survival P
% 95% C.I.

Sex
Male 37.7 27.5-47.9 0.35
Female 20.0 3.1-47.5

Age
<60 yrs 34.0 20.4-48.1 0.49
>60 yrs 37.4 24.5-50.3

Histology
Squamous 335 20.3-47.2 0.20
Adenocarcinoma 42.6 26.8-57.6
Large Cell 25.0 6.1-50.5

Type of operation
Pneumonectomy 333 13.7-54.5 0.80
Lobectomy 36.4 25.7-47.1

p-stage
I 48.2 27.4-55.8 0.00001
11 373 18.5-56.2
IIIa 5.61 3.8-22.6
IIIb 0 -

FAS expression
Negative 47.1 31.7-61.0 0.14
Positive 26.7 15.5-39.2

Age. Mean age of the patients at the time of surgery was 63
years (57-78), and the cases comprised 96 males and 10
females.

Recurrence. Forty-five patients (42.3%) died of cancer
during the follow-up period with a median of 36 months.

Immunohistochemical expression. FAS cytoplasmic staining
(Figure 2) was observed in 61 out of 106 cases (57.54%) (30
cases were squamous cell carcinomas, 26 were
adenocarcinomas and 5 were large cell carcinomas). Of
these 61 cases, 31 were stage I, 14 were stage II, 15 were
stage IIIA and 1 case was stage IIIB. No significant
correlation was observed between immunohistochemical
FAS expression and clinico-pathological variables. As
described in Table I, univariate analysis showed that size
(p<0.001), nodal involvement (p=0.004) and stage
(»<0.00001) were predictors of disease-free survival while
FAS had a low prognostic value (p=0.14). FAS expression
in stage I patients showed a trend for better survival
(p=0.10) (Figure 1). Concerning overall survival, the only
significant prognostic factor was pTNM stage (p<0.0001).
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Discussion

Most tissues with high cellular turnover appear to utilize
circulating lipids for the synthesis of new structural lipids
(12), but hyperplastic as well as neoplastic tissues seem to
require alternative sources for energy storage. A minor
pathway for metabolic accumulation of energy involves the
biosynthesis of fatty acids. In mammals and birds, the de
novo biosynthesis of fatty acids is consolidated into a single
protein which is the product of a single gene. This
multifunctional enzyme is FAS. FAS is the major enzyme
involved in the anabolic conversion of dietary carbohydrates
to fatty acids. FAS synthesizes long-chain fatty acids by
using acetyl-CoA as a primer, malonyl-CoA as a two carbon
donor and NADPH as reductant of the intermediates (13),
and mainly synthesizes palmitate (80%), myristate (10%)
and stearate (10%). Immunohistochemical expression of
FAS has been reported in hyperplastic tissues (14), in
proliferative cells of fetal tissues, or cells of adult tissues
with high lipid metabolism. FAS mRNA has been reported
to be high in human brain, liver, lung and breast tissues
(15). Recently Oskovian et al. (16) found an increase in the
rate of transcription of the FAS gene in neoplastic cells
using a breast cancer-derived cell line as a model . The
greater abundance of FAS mRNA was found to be
responsible for FAS overexpression. FAS expression in
normal tissues is regulated by a number of hormonal signals
and related to dietary fat intake and metabolism. Moreover,
FAS overexpression has been demonstrated in a number of
human carcinomas with aggressive features and poor
outcome such as ovary (17), prostate (18), thyroid, gastric,
bladder (19) and breast carcinomas, some pediatric tumors
(20), mesotheliomas (21) and melanomas (22).

In a recently published, paper Takahiro et al (23)
examined the expression of FAS in a group of patients with
soft tissue sarcomas (STS). They showed that FAS
expression is one of the predictive indicators for disease
prognosis in STS and that FAS was associated with deep-
seated and large-sized tumors. Wang et al. (24) found FAS
expression in human breast cancer cell culture supernatants
and in breast cancer patients. In addition, FAS levels were
significantly higher in breast cancer patients with higher
clinical stages. FAS seems to be specifically overexpressed
in neoplastic cells. Rashid et al (25) evaluated FAS
expression in normal and neoplastic colorectal specimens.
They observed that FAS faintly-stained native colorectal
mucosa, but increased FAS expression was found in
adenomas and colorectal carcinomas. The importance of
endogenous fatty acid synthesis in human cancers has not
yet been elucidated, however it has been postulated that
endogenous production of fatty acids may be a necessary
energy supply for tumor growth. It is possible that the
increased FAS expression of tumor cells is an indirect,
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Figure 1. Survival according to FAS expression (Stage I patients). FAS-
negative patients showed a trend for better survival (p=0.10).

associated phenomenon, which occurs to compensate for an
insufficiency of dietary fatty acids due to, e.g., lack of
angiogenesis.

In 1998, Pizer et al. (26) evaluated FAS expression in
endometrial carcinoma and its correlation with cell
proliferation and hormone receptors. They demonstrated
that there was a close correlation between FAS and Ki-67
expression and that these two markers were strongly
positive in aggressive carcinomas, even in those cases
where PR and ER receptors were negative, while well-
differentiated tumors showed a weak expression of all four
antigens. Being involved in the metabolic activity of lung
carcinoma, we decided to study FAS in order to determine
if, by itself or in combination, it could be associated with
clinico-pathological features or have a prognostic
significance. Our data revealed that FAS had a overall low
prognostic value, while FAS expression in stage I patients
showed a trend for better survival. Concerning overall
survival, the only significant prognostic marker was pTNM
stage. Other clinico-pathological markers had no
prognostic relevance. These data may lead to some
conclusions. Lung carcinomas exploit fatty acids for
metabolic supplies. In fact, Pihathilake et al. (27) observed
a significant step-wise increase in fatty acid synthase
expression from squamous cell carcinoma-associated
uninvolved bronchial epithelium to epithelial hyperplasia
to squamous cell carcinoma. Our data are in accord with a
recently published work by Wang et al. (28), who revealed
that FAS expression in stage I lung carcinomas was
associated with prognosis, indicating that fatty acids may
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Figure 2. Lung squamous cell carcinoma. Strong immunohistochemical
expression for fatty acid synthase. (DAB x10).

be a primary source of energy in non-metastatic lung
carcinomas. We believe that FAS overexpression in node-
negative lung tumors may be a signal of neoplastic
aggressiveness, while high-stage tumors may gain energy
from sources other than endogenous fatty acids. The
knowledge of FAS overexpression in lung carcinomas
could have a therapeutic implication. Kuhajda et al. (29)
reported that inhibition of fatty acid synthesis could be a
potential selective target for antineoplastic therapy.
Several studies after that (30-32) revealed that cerulenin, a
specific noncompetitive inhibitor of FAS, is selectively
cytotoxic to cancer cells that have an increased fatty acid
synthesis, but not to normal cells. Since cerulenin is
chemically instable, Pizer et al. (33) recently developed a
synthetic small molecule inhibitor of FAS, C75, that has
been shown to have a better cytotoxic effect on cancer cells
in vitro. In vivo studies on C75 are ongoing in human
cancer xenografts to determine its systemic anti-tumor
effects. These results suggest that FAS may be a specific
target for pharmacological therapy in a high proportion of
human malignancies including for lung carcinomas.
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