
 

 

Introduction 
 
Pancreatic cancer is the fourth leading cause of 
death in the US. Unlike some other chemo- and 
radiation sensitive cancers such as testicular 
cancer which can now be curable, the average 5
-year survival of pancreatic cancer patients is 
dismal at less than 5%. One of the major obsta-
cles in pancreatic cancer treatment is its lack of 
response to both chemo- and radiation therapy. 
Recently, fatty acid synthase (FASN) over-
expression has been found to correlate with 
poor prognosis of pancreatic cancers [1, 2], 
suggesting that FASN over-expression may con-
tribute to treatment resistance and inherently 
poor prognosis of pancreatic cancers. 
 
Human FASN, a key enzyme in the synthesis of 
palmitate and lipogenesis, is a homo-dimer of a 
multifunctional protein of ~270 kDa (for a re-
view see [3]). Its over-expression was found to 
correlate with poor prognosis of human breast 
cancers in 1994 [4]. Subsequently, FASN over-

expression has been found to associate with 
poor prognosis, higher risk of recurrence, and 
shorter survival of human cancers of prostate 
[5], ovary [6], lung [7], tongue [8], pancreas [1, 
2], soft tissue [9], head and neck [10], endo-
metrium [11], colon [12], kidney [13], and of 
melanoma [14] and nephroblastoma [15].  
 
FASN over-expression has been shown to cause 
resistance of breast cancer cells to DNA-
damaging anticancer drugs Adriamycin and mi-
toxantrone, possibly by increasing resistance to 
apoptosis induced by these drugs [16]. How-
ever, whether FASN over-expression contributes 
to treatment resistance in pancreatic cancers is 
unknown. In this study, we addressed this issue 
and tested the possible role of FASN in resis-
tance to gemcitabine and radiation in pancre-
atic cancers. We found that FASN expression is 
indeed up-regulated in human pancreatic can-
cer tissues and its over-expression in pancreatic 
cancer cells significantly contributes to both 
gemcitabine and radiation resistance. These 
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findings imply that the elevated FASN expres-
sion in pancreatic cancers may contribute to 
unsuccessful treatments of pancreatic cancers 
by causing intrinsic resistance to treatments. 
 
Materials and methods 
 
Human tissues 
 
All studies involving human subjects have been 
conducted in strict compliance with the Institu-
tional Review Board (IRB) of Indiana University 
School of Medicine and its affiliated hospitals. 
All patients in this study signed a written in-
formed consent for collection of pancreatic tu-
mor tissues at the time of routine operation per 
the Indiana University Pancreas Lesion Tissue 
Fluid Bank (IUPLTFB) or IU/Lilly Tissue Bank 
protocol. Research tissue samples were aliquot-
ted and frozen immediately in liquid nitrogen 
after procurement and stored at -80oC, or fixed 
in 10% formalin and embedded in paraffin. The 
clinical diagnostic specimen was fixed in 10% 
neutral buffered formalin, dehydrated, and em-
bedded in paraffin resin. Pathology material 
from each patient was retrieved from the ar-
chives of the Department of Pathology and 
Laboratory Medicine and the histopathology 
was reviewed. Pancreatic cancers were classi-
fied and staged according to the current guide-
lines of the American Joint Committee on Can-
cer (reference for this is Edge, SB, Byrd, DR, et 
al. ed. AJCC Cancer Staging Manual, 7th edition, 
2010).   
 
Tissue microarray construction and immunohis-
tochemistry 
 
2.0 mm diameter punch biopsies were obtained 
from “donor” paraffin blocks containing areas of 
pancreatic carcinoma, and transferred to 
“recipient” paraffin blocks using a semi-
automated tissue microarrayer according to 
manufacturer’s instructions (TMArrayer, Pathol-
ogy Devices, Inc., Westminster, MD).  2 tissue 
microarray blocks were constructed that con-
sisted of tumor samples from 52 patients. Nor-
mal non-neoplastic exocrine and endocrine pan-
creatic tissue served as a control for each block. 
The patient demographics are shown in Table 1. 
Immunohistochemistry was performed to detect 
FASN expression in these tissues as previously 
described [17]. Briefly, immunostaining was 
performed using a kit from Vector laboratories 
using a specific antibody to FASN (BD Biosci-
ences, 1:100 dilution). Positive staining was in 

brown with hematoxylin used for counter stain-
ing as blue in nucleus. 
 
Immunohistochemical staining analysis 
 
The immunohistochemical expression of FASN 
in the TMA was examined independently by two 
experienced pathologists (Jey-Hsin Chen and 
Liang Cheng). The percentage of neoplastic 
cells staining for FASN in the neoplastic cells 
were scored semi-quantitatively by visual 
evaluation on a 5% incremental scale ranging 
from 0 to 100%. A numeric intensity score was 
set from 0 to 3 (0, no staining; 1, weak staining; 
2, moderate staining; and 3, strong staining). 
The final staining score is the product of the 
intensity score multiplied by percentage of 
stained cells. We also evaluated the FASN stain-
ing intensity using an automated image analyzer 
(Automated Cellular Imaging System (ACIS) III, 
Dako, Carpinteria, CA). The mean staining inten-
sity of each tumor was determined by selec-
tively sampling 10 areas that contained solely of 
neoplastic cells. The final staining score of each 
neoplasm was determined by subtracting the 
mean staining intensity of FASN in the ductal 
epithelium of normal (control) pancreatic tissue. 
 
Cell lines and stable FASN-over-expressing 
clones 
 
Human pancreatic cancer cell lines Panc-1, Mia-
PaCa-2, and BxPc-3 (all from ATCC) were main-
tained in DMEM (BioWhittaker), DMEM with 
2.5% donor equine serum, and RPMI1640 
(Cellgro), respectively, but all supplemented 
with 10% fetal bovine serum (Invitrogen) and 
1% pen ic i l l in/streptomyc in  mix ture 
(BioWhittaker).  
 
Transient FASN knockdown in Panc-1 cells was 
performed using FASN siRNA as previously de-
scribed [16]. Briefly, Panc-1 cells were tran-
siently transfected with 100 nM scrambled con-
trol or FASN siRNAs (Dharmacon). Twenty-four 
hours later, the cells were seeded in 96-well 
plate and cultured for 24 hrs before treatment 
with gemcitabine and survival assay.  
 
The cDNA of FASN was engineered into 
pcDNA3.1(+) (Invitrogen). Transfection of this 
plasmid and its vector control into Panc-1 cells 
were performed using Lipofectamine (Invitro-
gen) and stable clones were selected using 800 
μg/ml G418 (Invitrogen) as previously described 
[16]. Two stable clones for FASN over-
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expression (FASN3 and FASN7) and one vector-
transfected control clone were selected for ex-
pansion and further analysis.  
 
Sample preparation and Western blot analysis 
 
Sample preparation and Western blot analysis 
were performed as previously described [18-
20]. Briefly, the frozen tissues were thawed and 
homogenized in TNN-SDS buffer (50 mM Tris-
HCl, pH 7.5, 150 mM NaCl, 0.5% Nonidet P-40, 
50 mM NaF, 1 mM sodium orthovanadate, 1 
mM dithiothreitol, 0.1% SDS, and 2 mM phenyl-
methylsulfonyl fluoride) by using pellet pestle 
(Fisher scientific) and the lysates were clarified 
by centrifugation (12,000g for 30 min at 4oC).  
 
The tissue or cell lysates were separated by SDS
-PAGE and transferred to a PVDF membrane 
followed by a 2-hr incubation in blocking solu-
tion (Tris- or PBS-buffered saline containing 5% 
nonfat dried milk and 0.1% Tween 20) and a 2-
hr incubation with monoclonal antibody against 
FASN (BD Biosciences, 1:300 dilution). The re-
action was detected by horseradish peroxidase-
conjugated anti-mouse IgG antibody and visual-
ized using ECL with exposure to an x-ray film.  
 
Survival assay 
 
Survival assay was performed as previously de-
scribed using MTT colorimetric assay [19]. 
Briefly, cell lines were seeded in 96-well plate at 
~4000 cells/well and cultured for 24 hrs fol-
lowed by treatment with anticancer drug gemcit-
abine or γ-irradiation and cultured continuously 
for 3 days followed by addition of MTT (5 mg/
mL) to a final concentration of 0.5 mg/mL and 
incubation of the plates at 37°C for 2 hours. 
Equal volume of solubilization solution (10% 
SDS in 0.01 M HCl) was then added and the 
plates were incubated at 37°C overnight. The 
OD570nm was measured using an automated 
plate reader and analyzed using GraphPad 
Prism software to generate fitted curve and IC50. 
Relative resistance factor (RRF) is calculated 
using the following formula: RRF=IC50 (test)/IC50 

(control). 
 
Results 
 
FASN expression in human pancreatic cancers 
 
Previously, it has been reported that FASN ex-
pression and serum FASN level is increased in 
pancreatic cancer patients and serum FASN 

could be used as a diagnosis marker [21]. To 
further investigate the expression pattern of 
FASN in pancreatic cancers, we constructed a 
tissue array with 52 human pancreatic cancer 
tissue cores and one normal control with non-
neoplastic pancreas duct tissue and performed 
immunohistochemistry staining using FASN anti-
body. As shown in Figure 1, the control normal 
tissue had no staining whereas the cancer tis-
sue had strong cytoplasmic staining in ductal 
adenocarcinoma cells. The TMA was first ana-
lyzed and FASN staining was scored by a pa-
thologist followed by analysis independently by 
another pathologist using imager analyzer as 
described in Materials and Methods. The two 
different sets of scores were compared and 
found having a linear correlation (Figure 1C), 
suggesting that the scores from both scoring 
systems are appropriate and validate each 
other. Table 1 shows the summary of FASN 
staining results and correlation with demo-
graphics of the pancreatic tissues. FASN expres-
sion does not appear to correlate significantly 
with race, sex, age, or stage of the disease. 
However, about 41 cases (78.8%) have >50% 
FASN positive cells with staining intensity at 2 or 
above (Table 2). Thus, we conclude that FASN 
expression is high in pancreatic cancer tissues.  
 
To further investigate individual differences in 
FANS up-regulation in pancreatic cancers, we 
collected 22 pairs of additional matched fresh-
frozen normal and cancer pancreatic tissues 
and determined the protein level of FASN in 
these samples using Western blot. The relative 
intensity of FASN protein band was then meas-
ured and analyzed. As shown in Figure 2, 14 of 
the 22 cases (63.6%) had increased FASN ex-
pression in cancers compared to their matching 
normal pancreatic tissues. This increase is sta-
tistically significant (Figure 2B). On the other 
hand, only 8 of the 22 cases (36.4%) had re-
duced FASN level. Thus, FASN protein level sig-
nificantly increases in pancreatic cancer com-
pared to their corresponding normal tissues. 
 
Correlation between FASN expression and gem-
citabine response 
 
Previously, FASN over-expression has been 
shown to correlate with poor prognosis of pan-
creatic cancer patients [1, 2]. To determine if 
FASN over-expression possibly contributes to 
gemcitabine resistance, we first performed a 
correlation analysis between FASN expression 
and gemcitabine response using human pancre-
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Figure 1. FASN expression in 
pancreatic ductal adenocarci-
noma. Examples of pancreatic 
normal (A) and cancer (B) tissues 
on TMA slides were stained by 
FASN antibody followed by visu-
alization under microscope (20X 
and 200X magnification were 
used for the entire core and in-
set, respectively). Panel C shows 
the correlation of FASN expres-
sion level determined using two 
different scoring systems. Score 
1=semi quantitative scores; 
Score 2=quantitative imager 
analysis. 

 

Table 1. Correlation between demographics of pancreatic tissues and FASN expression in TMA study 
Patient Demographics Cases (n) FASN Expression (±SD) 

Mean Score 1 Mean Score 2 
Age (years)       

Range 42-85     
Mean±SD 62.1±10.7     

Race       
White 48 182.3±81.8 36.4±21.5 
Black 4 197.5±106.1 39.0±15.7 

Sex       
Male 27 163.7±103.9 32.6±25.5 
Female 25 204.8±66.0 41.0±17.9 

Stage       
I 2 190.0±0.0 41.4±9.4 
IIA 2 215±77.8 43.1±45.3 
IIB 47 181.9±90.7 36.1±21.9 
III 1 180 36.3 

Total 52 183.5±87.1 36.6±21.9 
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atic cancer cell lines, Panc-1, MiaPaCa-2, and 
BxPc-3. As shown in Figure 3A, FASN expression 
level in Panc-1 and MiaPaCa-2 cells are similar 
but both are higher than that in BxPc-3 cells as 
determined using Western blot. Interestingly, 
both Panc-1 and MiaPaCa-2 cells are also sig-
nificantly more resistant to gemcitabine treat-
ment than BxPc-3 cells with higher IC50 (Figure 
3B).  

It is noteworthy that Panc-1 is more resistant 
than MiaPaCa-2 cells although they have similar 
level of FASN expression, suggesting that other 
factors may contribute to chemoresistance. Pre-
viously, we have shown that over-expression of 
14-3-3σ protein in pancreatic cancer cells also 
contributes to gemcitabine resistance by reduc-
ing drug-induced apoptosis [18]. To test if 14-3-
3σ may be up-regulated in Panc-1 cells com-

Table 2.  Distribution of FASN positive cells in TMA study 
% FASN+ cells FASN Intensity Cases (%)  

 0 1 2 3 Total 
0-25 4 (7.7) 1 (1.9) 0 0 5 

26-50 0 0 3 (5.8) 1 (1.9) 4 
51-75 0 0 5 (9.6) 6 (11.5) 11 

76-100 0 2 (3.8) 11 (21.2) 19 (36.5) 32 
Total 4 3 19 26 52 

 

Figure 2. Comparison of FASN expression between matched normal and cancer pancreatic tissues. A. FASN expres-
sion in pancreatic tissues. Lysates from fresh frozen matching human normal (N) and pancreatic ductal adenocarci-
noma (C) tissues were separated by SDS-PAGE followed by Western blot analysis of FASN and actin loading control. B. 
Quantitation of relative FASN level. The relative FASN level in each sample was measured and normalized to that of 
actin with the level of FASN in each normal tissue set to 1. The relative levels of FASN in normal and cancer tissues 
were graphed with the median level in each group marked by (-). Each tissue was marked by the identification num-
ber. Statistical analysis was done using Student T-test. 
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pared to MiaPaCa-2 cells and, thus, contributes 
to the higher resistance of Panc-1 cells, we per-
formed a Western blot analysis of 14-3-3σ in 
these cell lines. As shown in Figure 2C, 14-3-3σ 
is indeed up-regulated in Panc-1 cells whereas 
its expression in MiaPaCa-2 cells is completely 
suppressed. Thus, the 14-3-3σ expression likely 
contributes to the differences in gemcitabine 
response between Panc-1 and MiaPaCa-2 cells. 
Taken together, we conclude that the expres-
sion level of FASN, along with 14-3-3σ, corre-
lates with gemcitabine resistance level of pan-
creatic cancer cells. 

 
Effect of FASN knockdown or inhibition on gem-
citabine response 
 
To determine if the high FASN level in Panc-1 
cells possibly contributes to its gemcitabine 
resistance, we transiently knocked down FASN 
expression using siRNA followed by determining 
the effect of FASN knockdown on gemcitabine 
response. As shown in Figure 4A, FASN expres-
sion is successfully suppressed by siRNA. Com-
pared with control cells transfected with scram-
bled siRNA, Panc-1 cells with FASN knockdown 
have reduced gemcitabine resistance (Figure 
4B) with a decrease in RRF (relative resistance 
factor) by 50% (Figure 4C). 

Figure 3. Correlation between FASN expression and 
gemcitabine resistance. A. FASN expression level in 
Panc-1, MiaPaCa-2, and BxPc-3 cells. Lysates from 
Panc-1, MiaPaCa-2, and BxPc-3 cells were prepared 
for Western blot analyses of FASN and actin loading 
control. B. IC50 of gemcitabine. The effect of antican-
cer drug gemcitabine on the survival of Panc-1, Mia-
PaCa-2, and BxPc-3 cells was determined using MTT 
assay and IC50 was determined using Prism program. 
C. 14-3-3σ expression level in Panc-1 and MiaPaCa-2 
cells. Lysates from Panc-1 and MiaPaCa-2 cells were 
prepared for Western blot analyses of 14-3-3σ and 
GAPDH loading control.  

Figure 4. Effect of FASN knockdown on gemcitabine 
response. A. Western blot analysis of FASN following 
siRNA transfection. Panc-1 cells were transiently 
transfected with FASN or scrambled control siRNA 
followed by Western blot analysis of FASN. B. MTT 
assay. Panc-1 cells transiently transfected with FASN 
(Si) or scrambled control (Scr) siRNAs were treated 
with various concentrations of gemcitabine followed 
by analysis using MTT assy. C. Relative resistance 
factor. Relative resistance factor (RRF) was derived 
as described in Materials and Methods. ** p<0.01. 
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Next, we examined whether inhibiting FASN us-
ing its inhibitor orlistat also reduces gemcit-
abine resistance of Panc-1 cells. For this pur-
pose, the cytotoxicity and IC50 of orlistat in Panc-
1 cells were first determined using MTT assay. 
As shown in Figure 5A, orlistat has no cytotoxic-
ity to Panc-1 cells up to 40 μM with an IC50 of 
~150 μM. Consequently, we used 25 μM orlistat 
to determine if it would sensitize Panc-1 cells to 
gemcitabine in a MTT assay. As shown in Figure 
5B, orlistat sensitizes Panc-1 cells to gemcit-
abine treatment with a reduction of RRF by 
~40% (Figure 5C). Thus, inhibiting FASN expres-
sion using siRNA or its function using an inhibi-
tor reduces gemcitabine resistance of pancre-
atic cancer cells. 
 
Effect of FASN over-expression on gemcitabine 
and radiation response 
 
To further determine the role of FASN in gemcit-
abine resistance, we next determined if over-
expressing ectopic FASN would increase gemcit-
abine resistance. For this purpose, stable cell 
lines with ectopic FASN over-expression (FASN3 
and FASN7) were established from Panc-1 cells 
(Figure 6A). These cells were then tested for 
their response to gemcitabine compared with 
vector-transfected control cells. As shown in 
Figure 6B, both FASN3 and FASN7 stable 
clones are more resistant than the vector-
transfected cells. The RRF of FASN3 and FASN7 
stable clones are increased about 2-3 fold com-
pared with the vector transfected cells with a 
correlation to their FASN level (Figure 6C). 

 
To determine if FASN over-expression also pos-
sibly contributes to resistance of pancreatic 
cancer cells to radiation, FASN3 and FASN7 
stable clones along with the vector-transfected 
control cells were treated by γ-irradiation fol-
lowed by survival analysis. As shown in Figure 
7A, both FASN3 and FASN7 stable clones are 
more resistant than the vector-transfected cells 
to γ-irradiation. The RRF of both FASN3 and 
FASN7 stable clones to γ-irradiation is ~2 fold 

Figure 5. Effect of orlistat on gemcitabine response. A. Cytotoxicity of orlistat. Panc-1 cells were treated with different 
concentrations of orlistat followed by MTT assay. B. Sensitization of gemcitabine resistance by orlistate. Panc-1 cells 
were treated with different concentrations of gemcitaibne in the absence or presence of 25 μM orlistate followed by 
MTT assay. C. Relative resistance factor. Relative resistance factor (RRF) to gemcitabine was derived as described in 
Materials and Methods. ** p<0.01. 

Figure 6. Effect of FASN over-expression on gemcit-
abine response. A. FASN expression level. Lysates 
were prepared from Panc-1 cells with stable trans-
fection with FASN cDNA (FASN3 and FASN7) or vec-
tor (Vec) control and used for Western blot analysis 
of FASN and actin loading control. B. Survival assay. 
Panc-1 stable clones were treated with various con-
centrations of gemcitabine followed by analysis us-
ing MTT assy. C. Relative resistance factor. Relative 
resistance factor (RRF) to gemcitabine was derived 
as described in Materials and Methods. ** p<0.01. 
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more than that of the vector-transfected control 
cells (Figure 7B). Taken together, we conclude 
that FASN over-expression in Panc-1 cells likely 
contributes to gemcitabine and radiation resis-
tance. 
 
Discussion 
 
In this study, we show that FASN expression is 
up-regulated in pancreatic cancers and the up-
regulated FASN level may contribute to treat-
ment resistance of this dreadful disease. While 
over-expressing ectopic FASN increased gemcit-
abine and radiation resistance of pancreatic 
cancer cell lines, knocking down FASN level re-
duced the treatment resistance. These results 
provide a molecular basis for previous findings 
that FASN expression correlates with poor prog-
nosis of pancreatic cancer patients [1, 2] and 
indicate that FASN may be more than just a cor-
relative prognostic factor and its expression 
predicts treatment failure as well. 
 
Pancreatic cancers are known aggressive dis-
eases with less than 5% 5-year survival. The 
underlying mechanism for the aggressive be-
havior of this disease is, however, unknown. 
While molecular signatures of pancreatic can-
cers have been defined [22], key factors defin-
ing the poor prognosis phenotype have yet to be 
identified. Along these lines of research, FASN 
has been consistently observed to over-express 
in pancreatic cancers [1, 2, 21] and the FASN 
over-expression correlates with poor prognosis 
[1, 2]. These findings, together with that of 
other cancers such as breast [4] and prostate 

[5] cancers consistently suggest that FASN may 
be an important prognosis factor in many types 
of human cancers. 
 
In a well nourished individual, normal cells pref-
erentially use circulating dietary free fatty acids 
for energy and various other purposes. Thus, de 
novo fatty acid synthesis is not needed and con-
sequently the FASN expression level is low. Can-
cer cells, however, appear to require alternative 
sources for energy and synthesize >90% of their 
triacylglycerides de novo by up-regulating their 
FASN expression [3]. Previously, it has been 
shown that FASN is a survival factor for human 
cancer cells and knocking down its expression 
or inhibiting its function causes significant 
growth arrest and apoptosis [23-26]. These find-
ings suggest that FASN may be used as a target 
for therapeutic development. However, drug 
resistant cancer cells with further up-regulated 
FASN level appear to be able to survive FASN 
knockdown [16]. In this study, we observed no 
significant growth arrest with Panc-1 cells fol-
lowing FASN knockdown possibly due to its very 
high level of FASN expression. Considering that 
FASN expression is up-regulated in majority of 
human pancreatic cancers, targeting FASN 
alone, thus, may not provide an effective way to 
eliminate pancreatic cancers. 
 
FASN over-expression also appears to provide 
cancer cell survival advantage under the stress 
of chemo- and radiation treatments. The find-
ings that pancreatic cancer cells with higher 
levels of FASN are more resistant to gemcit-
abine than those with lower levels and that over
-expressing FASN further increased gemcitabine 
and radiation resistance suggest that the high 
level of FASN in pancreatic cancers may contrib-
ute to intrinsic gemcitabine and radiation resis-
tance, explaining the dismal prognosis of this 
cancer with existing treatment options. Previ-
ously, elevated FASN expression has been 
found in Adriamycin-selected breast cancer cell 
lines and contributes to drug resistance in these 
cells [16]. Thus, FASN expression may also be 
up-regulated following chemotherapy and possi-
bly contributes to acquired resistance to chemo- 
and radiation therapy. It is, thus, tempting to 
speculate that FASN may be used as a thera-
peutic target in combination therapies to sensi-
tize pancreatic cancers to current treatments 
such as gemcitabine.  
 
The molecular mechanism by which FASN con-

Figure 7. Effect of FASN over-expression on radiation 
response. A. Survival assay. Panc-1 cells with stable 
transfection with FASN cDNA (FASN3 and FASN7) or 
vector (Vec) control were treated with different doses 
of γ-irradiation followed by analysis using MTT assy. 
B. Relative resistance factor. Relative resistance fac-
tor (RRF) to -irradiation was derived as described in 
Materials and Methods. ** p<0.01.  
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fers treatment resistance of pancreatic cancers 
is not yet known. However, it has been shown 
previously that FASN over-expression protects 
breast cancer cells from drug-induced apoptosis 
[16]. Recently, it was found that FASN over-
expression suppresses drug-induced production 
of ceramide and, thus, reduced apoptosis via 
caspase 8 activation induced by Adriamycin 
(unpublished observations). Since γ-irradiation 
also causes double strand DNA breaks, similar 
to that induced by Adriamycin, it is tempting to 
speculate that FASN-induced resistance to ra-
diation of pancreatic cancers may be via a simi-
lar mechanism. However, whether this mecha-
nism is used in FASN-induced gemcitabine re-
sistance remains to be determined. 
 
It is also noteworthy that pancreatic cancers are 
heterogeneous diseases and many factors may 
contribute to the observed resistance. Previ-
ously, we have shown that 14-3-3σ expression 
is up-regulated in human pancreatic cancer 
tissues and its over-expression contributes to 
gemcitabine and radiation resistance [18]. In 
this study, we found that Panc-1 cell over-
expresses both 14-3-3σ and FASN and it is the 
most resistant cells among those tested. Future 
studies in identifying the major factors that con-
tribute to intrinsic and acquired gemcitabine 
and radiation resistance will likely generate bet-
ter treatment efficacy and benefit pancreatic 
cancer patients. 
 
Please address correspondence to:  Dr. Jian-Ting 
Zhang, Andrew and Peggy Thomson Chair in Hematol-
ogy/Oncology, Department of Pharmacology & Toxi-
cology, Indiana University School of Medicine, 980 W. 
Walnut Street, R3-C510, Indianapolis, IN 46202, 
USA. Tel. (317) 278-4503, Fax (317) 274-8046, E-
mail: jianzhan@exchange.iu.edu 
 
References 
 
[1] Alo PL, Amini M, Piro F, Pizzuti L, Sebastiani V, 

Botti C, Murari R, Zotti G and Di Tondo U. Immu-
nohistochemical expression and prognostic 
significance of fatty acid synthase in pancreatic 
carcinoma. Anticancer Res 2007; 27: 2523-
2527. 

[2] Witkiewicz AK, Nguyen KH, Dasgupta A, Ken-
nedy EP, Yeo CJ, Lisanti MP and Brody JR. Co-
expression of fatty acid synthase and caveolin-
1 in pancreatic ductal adenocarcinoma: impli-
cations for tumor progression and clinical out-
come. Cell Cycle 2008; 7: 3021-3025. 

[3] Liu H, Liu JY, Wu X and Zhang JT. Biochemistry, 
molecular biology, and pharmacology of fatty 
acid synthase, an emerging therapeutic target 

and diagnosis/prognosis marker. Int J Biochem 
Mol Biol 2010; 1: 69-89. 

[4] Kuhajda FP, Jenner K, Wood FD, Hennigar RA, 
Jacobs LB, Dick JD and Pasternack GR. Fatty 
acid synthesis: a potential selective target for 
antineoplastic therapy. Proc Natl Acad Sci U S A 
1994; 91: 6379-6383. 

[5] Shurbaji MS, Kalbfleisch JH and Thurmond TS. 
Immunohistochemical detection of a fatty acid 
synthase (OA-519) as a predictor of progression 
of prostate cancer. Hum Pathol 1996; 27: 917-
921. 

[6] Gansler TS, Hardman W, 3rd, Hunt DA, Schaffel 
S and Hennigar RA. Increased expression of 
fatty acid synthase (OA-519) in ovarian neo-
plasms predicts shorter survival. Hum Pathol 
1997; 28: 686-692. 

[7] Piyathilake CJ, Frost AR, Manne U, Bell WC, 
Weiss H, Heimburger DC and Grizzle WE. The 
expression of fatty acid synthase (FASE) is an 
early event in the development and progression 
of squamous cell carcinoma of the lung. Hum 
Pathol 2000; 31: 1068-1073. 

[8] Silva SD, Cunha IW, Rangel AL, Jorge J, Zecchin 
KG, Agostini M, Kowalski LP, Coletta RD and 
Graner E. Differential expression of fatty acid 
synthase (FAS) and ErbB2 in nonmalignant and 
malignant oral keratinocytes. Virchows Arch 
2008; 453: 57-67. 

[9] Takahiro T, Shinichi K and Toshimitsu S. Ex-
pression of fatty acid synthase as a prognostic 
indicator in soft tissue sarcomas. Clin Cancer 
Res 2003; 9: 2204-2212. 

[10] Silva SD, Agostini M, Nishimoto IN, Coletta RD, 
Alves FA, Lopes MA, Kowalski LP and Graner E. 
Expression of fatty acid synthase, ErbB2 and Ki-
67 in head and neck squamous cell carcinoma. 
A clinicopathological study. Oral Oncol 2004; 
40: 688-696. 

[11] Sebastiani V, Visca P, Botti C, Santeusanio G, 
Galati GM, Piccini V, Capezzone de Joannon B, 
Di Tondo U and Alo PL. Fatty acid synthase is a 
marker of increased risk of recurrence in endo-
metrial carcinoma. Gynecol Oncol 2004; 92: 
101-105. 

[12] Ogino S, Nosho K, Meyerhardt JA, Kirkner GJ, 
Chan AT, Kawasaki T, Giovannucci EL, Loda M 
and Fuchs CS. Cohort study of fatty acid syn-
thase expression and patient survival in colon 
cancer. J Clin Oncol 2008; 26: 5713-5720. 

[13] Horiguchi A, Asano T, Asano T, Ito K, Sumitomo 
M and Hayakawa M. Pharmacological inhibitor 
of fatty acid synthase suppresses growth and 
invasiveness of renal cancer cells. J Urol 2008; 
180: 729-736. 

[14] Innocenzi D, Alo PL, Balzani A, Sebastiani V, 
Silipo V, La Torre G, Ricciardi G, Bosman C and 
Calvieri S. Fatty acid synthase expression in 
melanoma. J Cutan Pathol 2003; 30: 23-28. 

[15] Camassei FD, Jenkner A, Rava L, Bosman C, 
Francalanci P, Donfrancesco A, Alo PL and 
Boldrini R. Expression of the lipogenic enzyme 



FASN in treatment resistance of pancreatic cancer response  

 
 
98                                                                                                          Int J Biochem Mol Biol 2011:2(1):89-98 

fatty acid synthase (FAS) as a predictor of poor 
outcome in nephroblastoma: an interinstitu-
tional study. Med Pediatr Oncol 2003; 40: 302-
308. 

[16] Liu H, Liu Y and Zhang JT. A new mechanism of 
drug resistance in breast cancer cells: fatty acid 
synthase overexpression-mediated palmitate 
overproduction. Mol Cancer Ther 2008; 7: 263-
270. 

[17] Yang L, He J, Huang S, Zhang X, Bian Y, He N, 
Zhang H and Xie J. Activation of hedgehog sig-
naling is not a frequent event in ovarian can-
cers. Mol Cancer 2009; 8: 112. 

[18] Li Z, Dong Z, Myer D, Yip-Schneider M, Liu J, Cui 
P, Schmidt CM and Zhang JT. Role of 14-3-
3sigma in poor prognosis and in radiation and 
drug resistance of human pancreatic cancers. 
BMC Cancer 2010; 10: 598. 

[19] Yang Y, Chen Q and Zhang JT. Structural and 
functional consequences of mutating cysteine 
residues in the amino terminus of human mul-
tidrug resistance-associated protein 1. J Biol 
Chem 2002; 277: 44268-44277. 

[20] Yang Y, Liu Y, Dong Z, Xu J, Peng H, Liu Z and 
Zhang JT. Regulation of function by dimeriza-
tion through the amino-terminal membrane-
spanning domain of human ABCC1/MRP1. J 
Biol Chem 2007; 282: 8821-8830. 

[21] Walter K, Hong SM, Nyhan S, Canto M, Fedarko 
N, Klein A, Griffith M, Omura N, Medghalchi S, 
Kuhajda F and Goggins M. Serum fatty acid 
synthase as a marker of pancreatic neoplasia. 
Cancer Epidemiol Biomarkers Prev 2009; 18: 
2380-2385. 

[22] Jones S, Zhang X, Parsons DW, Lin JC, Leary RJ, 
Angenendt P, Mankoo P, Carter H, Kamiyama 
H, Jimeno A, Hong SM, Fu B, Lin MT, Calhoun 
ES, Kamiyama M, Walter K, Nikolskaya T, Nikol-
sky Y, Hartigan J, Smith DR, Hidalgo M, Leach 
SD, Klein AP, Jaffee EM, Goggins M, Maitra A, 
Iacobuzio-Donahue C, Eshleman JR, Kern SE, 
Hruban RH, Karchin R, Papadopoulos N, Par-
migiani G, Vogelstein B, Velculescu VE and 
Kinzler KW. Core signaling pathways in human 
pancreatic cancers revealed by global genomic 
analyses. Science 2008; 321: 1801-1806. 

[23] Gao Y, Lin LP, Zhu CH, Chen Y, Hou YT and Ding 
J. Growth arrest induced by C75, A fatty acid 
synthase inhibitor, was partially modulated by 
p38 MAPK but not by p53 in human hepatocel-
lular carcinoma. Cancer Biol Ther 2006; 5: 978
-985. 

[24] Knowles LM, Axelrod F, Browne CD and Smith 
JW. A fatty acid synthase blockade induces 
tumor cell-cycle arrest by down-regulating 
Skp2. J Biol Chem 2004; 279: 30540-30545. 

[25] Li JN, Gorospe M, Chrest FJ, Kumaravel TS, 
Evans MK, Han WF and Pizer ES. Pharmacologi-
cal inhibition of fatty acid synthase activity pro-
duces both cytostatic and cytotoxic effects 
modulated by p53. Cancer Res 2001; 61: 1493
-1499. 

[26] Morikawa K, Ikeda C, Nonaka M and Suzuki I. 
Growth arrest and apoptosis induced by 
quercetin is not linked to adipogenic conversion 
of human preadipocytes. Metabolism 2007; 
56: 1656-1665. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


