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Abstract. Fatty acid synthase (FASN), a lipogenic 
multi-enzyme complex, is reported to be overexpressed in 
various types of of tumor tissues and serves an important role 
in tumor development and progression. However, the expres-
sion of FASN and its possible role in gastric cancer (GC) 
remains to be defined. In the present study, FASN expression 
in a group sample of 167 GC tissues was detected by immu-
nohistochemistry and its correlation with clinicopathological 
features was analyzed. By clinical analysis, it was identified 
that FASN overexpression was positively correlated with 
the overall survival [P=0.008; hazard ratio (HR), 4.412; 
95% confidence interval (CI), 1.463‑13.305] and recurrence 
rate (P=0.014; HR, 1.705; 95% CI, 1.116-2.606) in patients 
with GC. In addition, expression of the FASN protein in 
GC tissues was correlated with age (P=0.032), clinical stage 
(P<0.001), gastric wall invasion (P=0.014), lymph node metas-
tasis (P<0.001) and distant metastasis (P<0.001), however not 
with gender (P>0.05). In addition, FASN was observed to be 
overexpressed in GC tissues at an mRNA and protein level, 
compared with the adjacent non-cancerous tissues (P<0.05). 
Taken together, it was suggested that FASN was closely associ-
ated with GC metastasis and survival, which further provided 
evidence that FASN may be a promising prognostic biomarker 
for patients with GC.

Introduction

Gastric cancer (GC) is the second leading cause of global 
cancer-associated mortality with a notably high incidence in 
developing countries, with approximately 692,720 newly diag-
nosed cases and 516,600 cases of GC-associated mortality in 
2011 (1-3). Greater than 60% patients with GC were diagnosed 

at an advanced stage with locally advanced or distant metas-
tasis, which leads to a poorer prognosis and relatively 
increased mortality (4,5). Accordingly, early detection of GC 
will contribute to a reduction in its mortality. Numerous genes 
have been associated with the prognosis of GC; however, aside 
from Her-2, few sensitive biomarkers have been reported in 
clinical applications (6). In addition, a previous study demon-
strated that only 17% of patients with GC are associated with 
a HER-2-positive state (7). Therefore, it is of great clinical 
significance to identify specific and sensitive biomarkers for 
GC early detection and effective therapeutic targets.

Several in vitro studies have indicated that elevated lipo-
genesis is correlated with poor prognosis in a number of tumor 
types (8-11). In addition, lipogenesis has been demonstrated to 
be involved in signal transduction of tumor cells (12-14). As 
a key cytosolic multifunctional enzyme involved in de novo 
lipogenesis, fatty acid synthase (FASN) is overexpressed in 
several types of tumor tissue and is significantly associated 
with tumor prognosis (15,16). In addition, reduction of FASN 
activity markedly promotes tumor apoptosis and inhibits 
tumor cell growth and metastasis (17-20).

However, studies focussing upon FASN in GC are rare. Two 
previous studies have provided evidence that FASN is over-
expressed in GC tissues (21) in addition to blood serum (22). 
FASN overexpression is associated with poor survival of 
patients with GC, indicating that FASN serves a crucial role in 
the development and progression of GC. However, the specific 
pro-tumor effects of FASN, particularly the detailed correlation 
of FASN expression and clinicopathological characteristics, 
remain unclear in GC. Thus, in the present study, immuno-
histochemistry (IHC), reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR) and western blotting 
were conducted in order to analyze the expression levels of 
FASN in a total of 182 clinical gastric specimens (167 for IHC, 
12 for RT-qPCR and 3 for western blotting). In addition, the 
detailed association between FASN expression and GC clini-
copathological characteristics, and clinical prognosis, were 
investigated further.

Materials and methods

Patients and tissue specimens. The present study was 
approved by the Ethics Review Board of Nanfang Hospital 
(Guangzhou, China), and written informed consent was 
obtained from all patients. The present study was conducted 
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on tissue specimens from 167 patients who had been histologi-
cally diagnosed as having GC at Nanfang Hospital between 
2000 and 2011, and tumor staging was defined according to the 
American Joint Committee on Cancer Staging Manual (23). 
Among them, 131 stage I-III patients received radical resec-
tion (19, 49 and 63 for stages I, II and III, respectively), 
and 36 stage-IV patients (the metastasis-affected distant 
organs) underwent palliative surgery and/or chemotherapy. 
Postoperative follow-up time was obtained from all patients 
from 0.5 to 80.0 months. A total of 12-paired tumor and corre-
sponding normal gastric tissues were rapidly removed during 
surgery and stored immediately at ‑80˚C until required for 
RNA extraction, and 3-paired tissues were used for protein 
extraction.

IHC assays. IHC assays were conducted in order to evaluate 
the expression of FASN in gastric tissue samples according to 
the standard protocols. Specimens were paraffin‑embedded 
(Shanghai Specimen and Model Factory, Shanghai, China) 
and then stored at 4˚C. The paraffin‑embedded sections 
were deparaffinized with xylene (Guangzhou Chemical 
Reagent Factory, Guangzhou, China) graded ethanol, and 
phosphate-buffered saline (PBS). Subsequent to quenching 
the endogenous peroxidase activity with 3% hydrogen 
peroxide (Hengjian Pharmaceutical Co., Ltd., Guangzhou, 
China) for 10 min at room temperature, the primary rabbit 
anti-human FASN polyclonal antibody (1:200; 3180S; Cell 
Signaling Technology, Inc., Danvers, MA, USA) was added 
and incubated at 4˚C overnight. Subsequent to washing with 
PBS, the sections were incubated with horseradish peroxidase 
(HRP)-conjugated goat anti-rabbit IgG (PV-6001; LI-COR, 
Inc., Lincoln, NE, USA) for 1 h at 37˚C. Antibody binding was 
visualized by incubating with fresh 3,3'N-diaminobenzidine 
(Dako, Glostrup, Denmark) buffer. The sections were then 
washed in running water and counterstained with hema-
toxylin (Guangzhou Chemical Reagent Factory), followed by 
dehydration using graded ethanol and mounting using neutral 
balsam (Shanghai Specimen and Model Factory). Images of 
the sections were then captured under the Olympus BX40 
microscope (Olympus Corporation, Tokyo, Japan).

The FASN expression level in tumor tissues was scored 
using a semi-quantitative method (19). The intensity of the 
immunostaining was scored as follows: 0 (negative), 1 (weak), 
2 (moderate) and 3 (strong). The extent of immunostaining 
was quantified according to the area percentages: 0 (no 
positive staining), 1 (<10%), 2 (10-50%) or 3 (>50%). The 
sum of the extent and intensity scores was the final staining 
scores (0-6). Scores less than 3 were considered to indicate 
low expression, while scores ≥4 were considered as high 
expression. All slides were examined by three experienced 
pathologists.

RNA extraction and RT‑qPCR. A total of 12 GC tissue speci-
mens were detected by RT-qPCR analysis. Total RNA from 
the tissue samples was extracted using TRIzol reagent (Takara 
Bio, Inc., Otsu, Japan). RNA samples (20 µl) were reverse tran-
scribed into cDNA using the Reverse Transcription kit (Takara 
Bio, Inc.), according to the manufacturer's protocol. RT-qPCR 
assays were performed using SYBR Green PCR master mix 
on a LightCycler 480 system (Roche Diagnostics, Basel, 

Switzerland). The PCR cycling conditions were as follows: 
95˚C for 2 min, followed by 40 cycles of 95˚C for 30 sec and 
60˚C for 35 sec. The FASN primers and probes (Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) were used 
for the amplification of a 20 base pair FASN‑specific PCR 
product: Forward primer 5'-CGA CAG CAC CAG CTT CGC 
CA-3', reverse primer 5'-CAC GCT GGC CTG CAG CTT CT-3'. 
Expression data were normalized to the housekeeping gene 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) to be 
calculated as 2‑[(Cq of FASN)‑(Cq of GAPDH)], where Cq represents the 
quantification cycle for each transcript (24).

Protein extraction and western blotting. A total of three 
GC tissues were lysed and subjected to western blotting as 
described previously (25). Briefly, the protein concentrations 
of the lysates were quantified using a Bicinchoninic Acid 
Assay kit (Nanjing KeyGen Biotech, Co., Ltd., Nanjing, 
China). Protein samples (40 µg) were separated by 6% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (Shanghai 
Shenggong Biology Engineering Technology Service, Ltd., 
Shanghai, China) and were then electrophoretically transferred 
to a polyvinylidene difluoride membrane (EMD Millipore, 
Billerica, MA, USA). Membranes were incubated in 5% bovine 
serum albumin (ZSGB-BIO, Beijing, China) in PBS for 1 h, 
then with rabbit anti-human FASN polyclonal antibodies 
(1:1,000; 3180S; Cell Signaling Technology, Inc.), overnight at 
4˚C. Membranes were then washed three times with PBS and 
incubated with HRP-conjugated goat anti-rabbit IgG (1:15,000; 
PV-6001; LI-COR, Inc.) for 1 h at room temperature. Antibody 
complexes were detected using enhanced chemiluminescence 
(PerkinElmer, Inc., Waltham, MA, USA) and the blots were 
scanned using the Odyssey CLx Imaging System (LI-COR, 
Inc.). The intensity of protein bands were quantified using 
Quantity One software, version 4.6.2 (Bio-Rad Laboratories, 
Inc., Hercules, CA, USA).

Statistical analysis. All statistical analyses were conducted 
using SPSS statistical software, version 20.0 (IBM SPSS, 
Armonk, NY, USA). Student's t-test analysis was performed 
to compare the statistical significance between two experi-
mental groups. The association between FASN expression 
and clinicopathological characteristics was analyzed using 
the Chi-square test. Kaplan-Meier analyses were used to 
analyze the incident of patients (diagnosis of recurrence or 
mortality) and comparisons of survival distributions were 
evaluated with the log-rank test. A stepwise Cox's propor-
tional hazard model was conducted to examine the univariate 
survival analyses. The quantitative data are represented as 
the mean ± standard error of three independent experiments. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

FASN was overexpressed in GC. The expression levels of 
FASN were assessed in 27 GC tumor tissues and paired 
adjacent normal tissues (NT) by IHC. FASN was observed to 
be predominantly expressed in the cytoplasm (Fig. 1A) and 
infrequently in the nucleus (data not shown). Student's t-test, 
identified significantly greater expression of FASN in GC 
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tissues when compared with paired adjacent normal tissues 
(P<0.001, Fig. 1B). Similar results were also obtained from 
RT-qPCR (in 12 paired GC tissues and adjacent non-cancerous 
tissues; Fig. 1C) and western blot analysis (3 paired tissues; 
Fig. 1D). These results strongly indicated that FASN was 
overexpressed in GC tissues at mRNA and protein levels.

Expression of FASN was correlated with clinicopathological 
characteristics in GC. In order to determine the clinical signif-
icance of FASN, the association between FASN expression 
and the clinicopathological features of GC was investigated 
in a retrospective cohort of 167 cases of GC by IHC, including 

19 cases of stage I (11.4%), 49 cases of stage II (29.3%), 63 cases 
of stage III (37.7%) and 36 cases of stage IV (21.6%), which 
were based on TNM staging. Among the tumors, 85 (50.9%) 
samples presented with an overexpression of FASN (score >3), 
whereas 82 (49.1%) cases were weakly or negatively expressed 
(scored 0-3).

Representative results of FASN staining are presented in 
Fig. 2A. Staining of FASN protein was observed to grow from 
weak to strong with the increased clinical stage of GC tissue 
specimens. Quantitative analysis of IHC staining indicated 
that FASN expression was positively correlated with clinical 
stage in primary GC tumors (Fig. 2B). The association between 

Figure 1. FASN was overexpressed in GC. (A) Representative immunohistochemistry analysis of FASN expression in the primary GC and adjacent NT samples. 
(B) Statistical quantification of FASN staining between GC and NT tissues. FASN expression was significantly higher in GC than that of NT. (C) Relative 
expression of FASN mRNA in 12 paired GC tissues and NT. (D) Western blotting of FASN in 3 paired GC and NT samples. FASN was weakly expressed in the 
normal tissues, however its expression was significantly increased in GC tissues (n=3). Left panel, western blotting; right panel, semi‑quantitative assessment 
of FASN expression relative to the loading control, GAPDH. *P<0.05, **P<0.001. Error bars represent the mean ± standard deviation from three independent 
experiments. FASN, fatty acid synthase; GC, gastric cancer; NT, non-cancerous tissue; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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  D
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the clinical stages and prognosis in patients with GC was 
additionally measured using survival analysis (Fig. 2C). As 
hypothesized, patients in stage III were identified to have the 
lowest non-recurrent rate (20.6%), while patients in stage I 
presented with the best outcome, with a 68.4% non-recurrent 
rate.

Clinical features were summarized in Table I. In patients 
from stages I-III, expression of FASN was observed to be 
positively correlated with age (P<0.05), TNM classification 
(P<0.001), gastric wall invasion (P=0.014), nodal metastasis 
(P<0.001) and postoperative recurrence (including local recur-
rence and distant metastasis; P<0.001). For patients in stage IV, 
FASN overexpression was closely associated with the number 
of metastatic lesions (P<0.001) and mortality (P=0.001). Taken 
together, these results indicate that FASN expression had a 
strong correlation with GC invasion, metastasis and prognosis.

FASN overexpression was positively associated with the 
number of metastatic lesions in GC. To further explore the 
association between FASN expression and metastasis, IHC 
analyses were conducted. Consequently, FASN was signifi-
cantly overexpressed in tissues with multiple metastatic lesions 
(MML) (>3), compared with less metastatic lesions (LML) 
(≤3) in stage IV patients (P<0.05; Fig. 3A and B). Besides, 
the Kaplan-Meier survival curve further demonstrated that 
patients with MML had a lower median survival time of 
7.7 months, compared with 24 months in LML (log-rank 

P<0.05, Fig. 3C). These highly indicated an important role for 
FASN in GC metastasis.

FASN overexpression predicted a poor prognosis of GC. 
To identify the potential prognostic role of FASN in GC, 
multiple analyses were conducted. Firstly, FASN expression 
was examined in patients with stage I-III GC with recur-
rence/non-recurrence in addition to stage IV patients with 
survival/mortality by IHC staining. The results demonstrated 
that FASN was significantly overexpressed in patients with 
recurrence (P<0.05; Fig. 4A) or mortality (P<0.05; Fig. 4B).

Secondly, Kaplan-Meier analyses were also performed. 
As presented in Fig. 4C, the data suggested that the FASN 
levels were significantly associated with postoperative recur-
rence in patients with stage I-III GC. FASN low-expression 
was associated with a non-recurrent rate of 39.2%, in contrast 
with 26.3% for the FASN high-expression group. The median 
time to recurrence was 35 months in patients with stages I-III 
GC with low-expression of FASN vs. 14 months in those with 
overexpression. In patients with stage IV GC, low-expression 
of FASN resulted in a 5-year survival rate of 50.0%, which 
was reduced to 32.1% in the FASN-overexpressed group. 
The median survival time of stage IV patients with FASN 
overexpression was 9.5 months vs. 35 months for those with 
low-expression (Fig. 4D).

In Cox's regression model, clinical stage (P<0.001; HR, 
1.931; 95% CI, 1.392-2.680) was an independent factor in 

Figure 2. Overexpression of FASN in advanced GC. (A) Representative images of FASN protein immunostaining in different TNM stages of GC tissue. 
(B) Staining scores for FASN in each group. (C) Kaplan-Meier curves for postoperative recurrence of stages I-III GC in relation to disease stage. *P<0.05, 
**P<0.001. FASN, fatty acid synthase; GC, gastric cancer; TNM, tumor, nodes, metastasis.
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predicting the risk of recurrence following radical surgery 
in patients with stage I-III GC, and the number of metastatic 
lesions (P=0.018; HR, 2.676; 95% CI, 1.184-6.049) was 
also considered as an independent predictor of mortality 
for patients with stage IV GC. More importantly, compared 

with patients with low-expression of FASN, those with 
FASN overexpression were observed to exhibit a significant 
increase in GC-postoperative recurrence rate (P=0.014; HR, 
1.705; 95% CI, 1.116-2.606), in addition to overall mortality 
(P=0.008; HR, 4.412; 95% CI, 1.463-13.305; Table II). Taken 

Table I. Clinicopathological characteristics in response to positive and negative gastric FASN immunohistochemical staining.

A, Recurrence in stage I-III GC

 FASN expression
 --------------------------------------------------------------------------------
Characteristic n (%) Positive n (%) Negative n (%) P-value

Gender    0.4
  Male 88 (67.2) 37 (42.0) 51 (58.0)
  Female 43 (32.8) 20 (46.5) 23 (53.5)
Age (years)    0.032
  ≥55 77 (58.8) 40 (51.9) 37 (48.1)
  <55 54 (41.2) 17 (31.5) 37 (68.5)
Stage of disease    <0.001
  I 19 (14.5) 1 (5.3) 18 (94.7)
  II 49 (37.4) 16 (32.7) 33 (67.3)
  III 63 (48.1) 40 (63.5) 23 (36.5)
Gastric wall invasion    0.014
  T1-3 76 (58.0) 26 (34.2) 50 (65.8)
  T4 55 (42.0) 31 (56.4) 24 (43.6)
Nodal metastasis    <0.001
  Negative 49 (37.4) 12 (24.5) 37 (75.5)
  Positive 82 (62.6) 45 (54.9) 37 (45.1)
Recurrence    <0.001
  No 44 (33.6) 15 (34.1) 29 (65.9)
  Yes 87 (66.4) 42 (48.3) 45 (51.7)

B, Survival in stage IV GC

 FASN expression
 ----------------------------------------------------------------------------------
Characteristic n (%) Positive n (%) Negative n (%) P-value

Gender    0.182
  Male 24 (66.7) 20 (83.3) 4 (16.7)
  Female 12 (33.3) 8 (66.7) 4 (33.3)
Age (years)    0.405
  ≥55 26 (72.2) 21 (87.3) 5 (12.7)
  <55 10 (27.8) 7 (70.0) 3 (30.0)
Metastatic lesions    <0.001
  <3 17 (47.2) 11 (64.7) 6 (35.3)
  ≥3 19 (52.8) 17 (89.5) 2 (10.5)
Survival    0.001
  No   9 (25.0) 5 (55.6) 4 (44.4)
  Yes 27 (75.0) 23 (85.2) 4 (14.8)

FASN, fatty acid synthase; GC, gastric cancer.
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together, the results suggested a potentially promising prog-
nostic value of FASN for patients with GC.

Discussion

Tumor metabolism is a key process in cancer growth and 
progression. Numerous studies have demonstrated that the 
glucose metabolism is essential in cancer cell growth and 
invasion. However, few studies have focussed upon the role of 
lipid metabolism in tumor development (26). Thus, the current 
study investigated the potential role of the lipid metabolism 
in GC.

FASN is a key enzyme in the lipid metabolism, the expres-
sion of which has clear potential in aiding in the understanding 
of the lipid metabolism. FASN has been previously identified to 
be overexpressed in several types of solid tumors and associated 
with poor prognosis of urothelial carcinoma (27), pancreatic 
neoplasia (28) and renal cell carcinoma (29). These studies 
proposed a crucial role for FASN in tumor progression, however, 

reports concerning FASN in GC remain rare. Hou et al (21) 
identified that FASN overexpression was significantly corre-
lated with poor prognosis in 90 GC specimens. In addition, 
Ito et al (22) observed that FASN was detected in the serum 
by enzyme-linked immunosorbent assay in patients with GC 
and normal controls. In addition, they observed that FASN was 
highly expressed in the serum of patients with GC compared 
with those of healthy people. In the present study, the IHC 
staining experiment was repeated in a larger GC sample size, 
and the association between FASN and clinicopathological 
parameters including age, gender, gastric wall invasion, recur-
rence in stage I-III patients and survival time in stage IV patients 
was investigated. Consequently, similar results were obtained, 
identifying that expression of FASN was higher in GC tissues 
than those in adjacent non-cancerous tissues, and FASN was 
significantly associated with poor prognosis of GC, indicating 
that FASN overexpression contributed to GC development.

Notably, previous studies demonstrated that FASN was 
not significantly associated with nodal metastasis (21,22). 

Figure 3. FASN overexpression was positively associated with the number of metastatic lesions in gastric cancer. (A) Representative images of FASN protein 
immunostaining in tissues with multiple metastatic lesions (>3) and less metastatic lesions (≤3) in stage IV patients. (B) Staining scores for FASN in each 
group, *P<0.05. (C) Survival of stage-IV patients analyzed in terms of the number of metastatic lesions. *P=0.014. FASN, fatty acid synthase.

  A

  B   C
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However, in the present study, the analysis demonstrated that 
FASN was positively associated with lymph node metastasis. 
The differences in the sample size and the individuals may 

contribute to this discrepancy. FASN has however been 
previously observed to be associated with nodal metastasis 
in several other types of tumor (30-32), thus suggesting that 

Figure 4. FASN overexpression predicted a poor prognosis of GC. Staining scores for (A) FASN in postoperative recurrence of stages I-III patients with GC 
and (B) the mortality of stage IV patients with GC. (C) Kaplan-Meier curves for postoperative recurrence of stages I-III GC in relation to FASN expression. 
(D) Survival of stage IV patients analyzed in relation to FASN expression. FASN, fatty acid synthase; GC, gastric cancer.

Table II. Hazard analysis for recurrence incidence and overall survival rate.

 95% CI for HR
 HR -------------------------------------------------------
Covariates P-value (Hazard ratio) Lower Upper

Recurrence in stage I-III GC
  Gender (vs. female) 0.684 1.097 0.702   1.715
  Age (vs. <55 years) 0.664 1.099 0.717   1.685
  Stage of disease <0.001 1.931 1.392   2.680
  Gastric wall invasion 0.342 1.228 0.804   1.876
  Nodal metastasis (vs. No) 0.004 1.969 1.237   3.134
  FASN expression (vs. No) 0.014 1.705 1.116   2.606
Survival in stage IV GC
  Gender (vs. female) 0.351 1.490 0.645   3.442
  Age (vs. <55 years) 0.439 1.439 0.572   3.619
  Metastatic lesions (vs. <3) 0.018 2.676 1.184   6.049
  FASN expression (vs. no) 0.008 4.412 1.463 13.305

CI, confidence interval; HR, hazard ratio; GC, gastric cancer.

  A   B

  C   D
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the results are reliable, and suggesting a potential role of 
FASN in the early detection and lymphangiogenesis of GC. In 
addition, the current study was, to the best of our knowledge, 
the first to provide evidence that FASN was associated with 
the number of tumor metastatic lesions, thus indicating that 
FASN contributes to the development and progression of GC 
by promoting invasion and metastasis of GC cells. Several 
previous studies have identified that FASN overexpression 
promotes proliferation, invasion and metastasis in certain 
types of cancer (18,33,34). By conducting RT-qPCR and 
western blotting, the mRNA and protein expression levels of 
FASN were detected in GC tissues, thus providing evidence 
that FASN contributes to GC progression at the transcriptional 
and translational levels. However, the underlying mechanisms 
require further investigation. The results of the present study 
suggest that FASN may serve as a novel prognostic marker 
of GC. Identification of FASN as a prognostic biomarker for 
GC in the current study provides insight into the mechanisms 
associated with poor prognosis.

In summary, by analyzing the expression of GC tissues and 
adjacent non-cancerous tissues, the current study demonstrated 
that FASN may act as a novel prognostic marker. Furthermore, 
lipid metabolism disorders were identified to participate in the 
development and progression of GC.
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