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Abstract

Background: Fatty Acid Synthase (FAS) is highly expressed in many human cancers. Previously, we reported
that FAS is expressed at very high levels in esophageal cancer, and that the growth of these cancers can be
inhibited by pharmacological agents that target this enzyme. We also have reported that this enzyme is
overexpressed not only in tissue, but also in serum in patients with various cancers. In this present analysis, we
investigate the serum level of this enzyme in patients, and consider whether FAS can be a prognositc tumor marker
or one of early detection. 

Materials and Methods: By using an ELISA kit, we measured the serum levels of FAS in 154 patients, who
underwent surgical resection of esophageal cancer at the Juntendo Hospital in Tokyo, Japan. We also measured the
serum FAS levels of 153 healthy volunteers recruited as normal controls from a cardiology research group.

Finally, we considered how FAS levels correlated with pathological and clinical data.

Results: Serum FAS levels in esophageal cancer patients were significantly higher than in healthy control
subjects(13.2 ug/ml vs. 2.3 ul/ml, respectively). FAS levels did not correlate with clinical or-pathological data.

Conclusions: Serum FAS levels are expressed at significantly high levels in human esophageal carcinomas.
FAS serum levels may be a tumor marker candidate for early esophageal cancer detection.
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Introduction
Recently, in the clinical setting, molecularly-targeted agents, such as

EGFR, VGFR and Her-2, are attracting lots of attention and showing
good performance in chemotherapy, especially for breast and
colorectal cancers [1]. But they have efficacious limitations, because
tumor cells are heterogenous, especially esophageal and gastric
cancers, with continous inflammation [2].

The transformation of malignant cells from normal cells is
accompanied by dysregulation of metabolic pathways [3]. It is well-
known that anaerobic metabolism is accelerated in many cancer cells
[4]. Fatty acid synthesis (FAS) is one of the reasons for this accelerated
metabolic prosess [5,6].

FAS, the enzyme responsible for fatty acid biosynthesis, is
overexpressed in many human cancers, and is reported to be correlated
with cancer growth and poor prognosis and On one hand, inhibition of
FAS results in decreased cell proliferation and, loss of cell viability.
[4-6].

FASN is this Protein Coding gene. Diseases that have been reported
to associate with FASN include trophoblastic neoplasm and obesity.

Among their related pathways are MAPK signaling pathway and
Proteoglycans in cancer.

On the other hand, many reports indicate that FAS is also critical
for supporting energy production, because newly synthesized fatty
acids are rapidly incorporated into neutral- and phospho-lipid stores
[7].

Recently, Nomura and Cravatt F [8,9] carefully reviewed the
literature and found that lipogenesis may contribute to cancer by
building and regulating cell membranes, not energy resource. Though
it remains unclear, metabolic therapy may be appropriate as a next-
generation anti-tumor treatment [5,6,10,11].

We already have reported that FAS is expressed at very high levels in
esophageal cancer (both squamous and adenocarcinoma histologies),
and high expression is also seen in Barrett’s esophagus with dysplasia
[12].

Esophageal cancer is the eighth leading cause of cancer death and
one of the most clinically aggressive of all solid cancers [13-15].
Although there are two histologic variants of esophageal cancer,
squamous and adenocarcinoma, both with distinctive epidemiologic
patterns, the major risk factors (smoking, dietary factors) and many
clinical features are similar between both histologies. More than 60%
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of esophageal cancersare diagnosed as advanced stage tumors. Despite
new diagnostic and therapeutic approaches, esophageal cancer still has
a poor prognosis, with 5-year survival rates between 10–13% [16].
Recently, it has been reported that an inherited deficiency in the
enzyme aldehyde dehydrogenase 2 (ALDH2) is strongly correlated
with the presence of esophageal cancer [17,18]. Measuring this enzyme
during screening has led to a recommendation for increased GI fiber
consumption for those at a high risk of esophageal cancer [14,15].
Moreover, esophageal adenocarcinomas are common in western
countries, primarily due to the high incidence of Gastro-Esophageal
Reflex Disease (GERD).

Although FAS is found to be overexpressed in many solid tumors,
its role in esophageal cancer has not been extensively evaluated. We
have reported that it seems to be up-regulated during the early stages
of tumorigenesis [12].

The aim of this study is to evaluate FAS as a marker of esophageal
cancer by using an ELISA assay to measure FAS serum levels in
patients with esophageal cancer, and in those without cancer.

Materials and Methods

Serum samples
A total of 307 serum samples were analyzed. Fasting preoperative

serum samples, numbering 154 in total, were obtained from patients
undergoing a three field lymph node dissection esophagectomy at the
Juntendo University Hospital. Of these, 29 patients received
neoadjuvant chemoradiaton therapy and all patients had squamous
cell carcinoma. We analysed 79/154 patients with the tumor marker
data and compared them with the FAS serum data. Serum samples
were also obtained from 153 healthy volunteers from Dr. Shimada who
leads the Juntendo University’s Department of Cardiology. All controls
were matched to study patients by age and BMI, and underwent a
physical exam to ensure that they had no malignant disease. The mean
age of the study group was 63.6 years old (range, 46-80 years) and 63.9
years old for the healthy control group (range, 33-83 years). All of the
samples were collected with the approval of the Juntendo Committee
for Clinical Investigation.

FAS ELISA
A total of 100 μL of serum was analyzed with a commercially

available ELISA kit, FAS-detect ELISA (FASgen, Baltimore, MD),
according to the manufacturer's recommendations.

Briefly, sera were incubated in a 96-well capture plate ona plate
shaker for 90 min at room temperature. The plate was then washed five
times with wash buffer. FAS enzyme conjugate was added and the plate
was incubated for 60 min, and the wash was repeated. Serum FAS
levels werevisualized by color change upon addition of
tetramethylbenzidinesubstrate followed by the addition of a substrate
stopsolution. Absorbance values were read at 450 nm using a
SpectraMax spectrophotometer. FAS concentrations were determined
by interpolation from the standard curve.

Statistical analysis
Statistical analysis was generated using the Graph Pad Prism 5.0

(GraphPad Software, San Diego, CA). For univariate analysis, Student
T test and Mann-Whitney (nonparametric test) were done using the
same software statistical program. Differences were considered

significant at p<0.05. Receiver operating characteristics (ROC) analysis
was used to evaluate the diagnostic value of FAS to identify the optimal
cut off values. Sensitivity and specificity, positive and negative
predictive values of FAS were profiled using curves.

Results
Serum FAS Levels were not correlated with serum T-cholesterol or

Triglyceride (TG) levels

Serum FAS levels were analyzed in 154 patients with esophageal
cancer and in 153 healthy controls matched by age, and BMI. There
was no difference in serum T-cholesterol and triglyceride levels
between groups. This suggests that serum FAS levels were not
associated with total body adipose (Table 1).

 Control Esophageal
cancer
patients

P-value

age 33~83
(mean 63.9)

46~80
(mean 63.6)

 

Sex (man: women) 115 : 38 (3:1) 134 : 20 (6:1)  

BMI 24.11 21.13 0.757

T-cho 197.09 189.01 0.279

TG 157.29 108.69 0.181

Table 1: Shows clinicopathological features. Control groups and
esophageal cancer patients are not significantly different in BMI,
serum T-cho, and TG levels (Student T test).

Serum FAS levels in esophageal cancer patients are significantly
higher than in healthy volunteers.

The median and first quartile FAS levels in patients with esophageal
cancer were 13.22 ng/mL and 10.25 ng/mL, respectively. For healthy
controls, they were 2.32 ng/mL and 5.10 ng/mL, respectively (Figure
1). FAS levels were therefore significantly higher in patients with
esophageal cancer than in healthy controls (p < 0.05, Student's t test)
(Table 2). FAS scores did not seem to differ with progressive clinical
stage (Table 2).

Figure 1: Esophageal cancer patients’ serum FAS levels were
significantly higher than in the control group (Student T-test).
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  Patients FAS score P- value

Stage

0 4 10.53

P=0.486

I 12 10.72

II 37 13.61

III 58 13.74

IVa 36 12.18

Ivb 7 12.21

T

T1a 4 10.53

P=0.363

T1b 29 11.75

T2 25 16.19

T3 82 13.06

T4 14 12.61

N
(+) 114 14.09

P=0.212
(-) 40 10.73

Table 2: Univarate analysis- Serum FAS levels did not correlate with
stage, T or lymph node factors (Mann-Whitney (nonparametric test)).

A comparison of serum FAS levels with known tumor markers
revealed that the marker, CyFRA, is most closely correlated with serum
FAS (Table 3).

  79 cases FAS level P- value

CEA
<5(negative) 67 16.46

P=0.893
≥5(positive) 12 16.06

SCC
<2(negative) 68 13.92

P=0.185
≥2(positive) 11 21.08

CA 19-9
<37(negative) 77 15.43

P=0.581
≥37(positive) 2 11.71

CyFRA
<2(negative) 41 13.87

P=0.005
≥2(positive) 38 17.03

Table 3: A comparison of FAS levels with known tumor markers.

(Mann-Whitney (nonparametric test))

A comparison of serum FAS levels with known tumor markers
revealed that the marker,

CyFRA, is most closely correlated with serum FAS.

Diagnostic accuracy of serum FAS in esophageal cancer
patients

To evaluate the diagnostic value of serum FAS levels, we used the
ROC method to calculate the sensitivity and specificity of FAS. Using
the ROC curve, we found that 126 of 154 patients with esophageal
cancer had an elevated FAS level (sensitivity 84.8%) and 145 of 153

healthy control patients did not have elevated FAS levels (specificity,
89.5%) (Figure 2).

Figure 2: ROC curves of serum FAS, the AUC in progressive disease
was 0.9447

Positive serum FAS levels found in.84% of Patients Negative for
Four Known Tumor Biomarkers

In 32 patients (32/79) who were negative for four existing tumor
markers, 27 patients had serum FAS levels that were more than 5
ng/ml. According to our ROC curve therefore, at a defined cut off level
of 5 ng/ml, 84% of these biomarker negative patients could be
diagnosed with esophageal cancer (Table 4). Thus, in our dataset,
serum FAS can diagnose more than 55 patients who otherwise had no
known positive tumor biomarkers that are currently in use in the
clinic.

  All Four tumor marker

  Positive Negative

FAS
negative 2 5

positive 45 27

Table 4: ROC analysis.

84% of these biomarker negative patients could be diagnosed with
esophageal cancer at a defined cut off level of 5 ng/ml.

Discussion
Tumor markers for early detection of esophageal cancer are urgently

needed to improve the prognosis of patients with this highly aggressive
disease. Even when patients begin to manifest symptoms such as
dysphagia, congestion, or hoarseness, they are already at an advanced
stage or too late for surgical intervention. Development of a
noninvasive diagnostic test could facilitate screening of high-risk
individuals, such as heavy alcohol drinkers and smokers.

Identification of serum protein markers of esophageal cancer could
help provide such a noninvasive diagnostic screening tool. Elevated
FAS protein levels have been detected as early biomarkers in the serum
of patients with pancreatic cancer patients [13].

In this study, we investigated the role of serum FAS in esophageal
cancer. We show that there is no relationship between FAS levels, T-
cholesterol, and TG in patients. This suggests that, in cancer cells, FAS
is very important for novel synthesis of fatty acid regardless of the
patient’s weight, food intake or other factors. This result confirms our
hypothesis that FAS is a key target for cancer therapy.
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Cancer metabolism is now being increasingly studied globally
[19-21]. There are 2 pathways that are used by cancer cells to generate
energy, the glycolytic system and the fatty acid synthesis pathway. The
glycolytic system is commonly exploited for PET scanning in the clinic.
But PET scanning is imperfect; it especially cannot detect tumors in
diabetic patients. We already have reported a good correlation between
PET scanning and FAS metabolism [20]. PET scanning also incurs a
high cost. So, as an alternative to PET, it is important to note that FAS
up-regulation occurs early in tumorigenesis. Our previous report
suggested that cells with Barrett’s dysplasia have high levels of FAS.
FAS may also be at a high level during carcinogenesis, so malignant
cells necessarily use large amounts of energy. Thus, continuous
inhibition of FAS could be protective against carcinogenesis.

In the future, we plan to measure serum FAS levels postoperatively
in order to detect cancer recurrence and/or metastasis. According to
our ROC data, serum FAS levels are highly specify, but have low
sensitivity. This suggests that FAS could be a marker for the presence of
malignancy, but not an independent marker of esophageal cancer.

Conclusion
Serum FAS levels are expressed at significantly high levels in human

esophageal carcinoma. It may be a putative tumor marker.
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