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Clinicopathological significance of fatty acid synthaseexpression in pancreatic ductal carcinoma
Hiroshi Maekawa, Tomoaki Ito, Hajime Orita, Koichi Sato, Ryo Wada

ABSTRACT
Introduction: Fatty Acid Synthase (FAS)expression is increased in various cancers and itcontributes to tumor cellular activities. Inclinical practice, pancreatic ductal carcinoma isregarded as a cancer with poor prognosis. Aims:To investigated FAS expression in pancreaticductal carcinoma (PDC) and compare withclinicpathological features. Methods: Westudied 38 patients who had resection for PDCin our hospital. We compared FAS staining withclinicopathological features, including Ki67and p53 staining. Results: Using our criteria, outof 38 cases, 15 cases were considered FASpositive. FAS positivity correlated with Ki67positivity (p = 0.001), but there was nosignificant relationship between FAS expressionand p53 staining (p = 0.224). FAS positive casesshowed higher rate of lymph node metastases(p = 0.0038). FAS expression was related to

differentiation of adenocarcinoma (p = 0.0347).Clinically, overall survival rate of FAS positivecases was lower than that of FAS negative cases(p = 0.0068). Conclusion: FAS expression maybe related to lymph node metastases and clinicalbehavior in pancreatic ductal carcinoma.
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INTRODUCTION
In human tissues, fatty acid synthase (FAS) isusually expressed in hormonesensitive and high lipidmetabolism cells [1]. In normal tissues, FAS expressionis regulated and inhibited by several hormones [2]. FASexpression is also increased in various cancers. Breastcancer or prostate cancer is a good example of cancersexpressing FAS [37]. FAS expression increases de novobiosynthesis of fatty acids which contributes to tumorcellular activities [8]; metabolism for energy, buildingcellular membranes and intracellular secondmessengers [9, 10]. It has been demonstrated thatcancer cells often express FAS and the intensity of FASexpression correlates with clinical outcome. Cases of
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high FAS expression often show poor prognosis invarious types of cancers [11–17]. In clinical practice,pancreatic ductal carcinoma (PDC) is regarded as acancer with poor prognosis.

AIMS
To investigate the clinicopathological significance ofFAS expression in pancreatic ductal carcinoma (PDC),we studied patients surgically treated for PDC in ourhospital. The aims of this study were, i) to investigatethe relationship between the expression of FAS andclinicopathological features usingimmunohistochemistry in PDC, and ii) to analyzewhether FAS may be considered as a prognostic markerin PDC.

MATERIALS AND METHODS
We studied 38 patients resected for PDC in ourhospital, between January 2002 and January 2011.Clinical data such as gender, age, recurrence, andprognoses were obtained from clinical records.Pathological diagnosis was performed by examininghematoxylin and eosin stained sections. Weinvestigated expressions of FAS, Ki67, and p53 withimmunohistochemical stainings on tissue sections cutfrom formalinfixed and paraffinembedded carcinomaspecimens. We then compared FAS staining withclinical information and pathological aspects, includingKi67 and p53 staining. The study protocol conformedto the ethical guidelines of the World MedicalAssociation Declaration of Helsinki, and was approvedby the ethical committee in our hospital.Immunohistochemical procedure for FASexpression: We used 4 µm tissue sections cut fromformalinfixed and paraffinembedded specimens.Sections were deparaffinized by treatment with xylenefor three minutes (two times) and rehydrated by passagethrough 100% ethanol for 30 sec (three times). Antigenretrieval was performed by microwaving slides in 10 mMsodium citrate buffer (TRS) (Dako; Carpinteria, CA,USA) for eight minutes. Endogenous peroxidase activitywas quenched by incubating slides for five minutes in 3%H2O2. Slides were then washed in Tris buffered saline –0.05% Tween 20 (TBST) for five minutes (two times) andblocked with a solution containing 5% goat serum for 15minutes at room temperature. Samples were incubatedwith the primary antibody (antihuman FAS rabbit IgG;ImmunoBiological Laboratories Co. Ltd., Fujioka,Gunma, Japan) for 60 minutes at room temperature.Slides were washed with TBST for five minutes (threetimes) and incubated with secondary antibody, (antirabbit IgG; Envison+/HRP; DAKO; Carpenteria, CA,USA) for 60 minutes at room temperature. Slides werewashed in TBST for 5 minutes (three times) andincubated with diaminobenzidine solution containing 20mg/ml DAB4HCl in 0.01 phosphate buffer M PB and30% H2O2 until color production developed. Slides were

then stained with hematoxylin, dehydrated andmounted with coverslips.Immunohistochemical procedure for Ki67and p53 expressions: Immunoperoxidase assays forp53 and Ki67 analysis were performed using acommercially available kit (Roche Diagnostics Co. Ltd.;Tokyo, Japan) in the same manner as described in theimmunohistochemical procedure for FAS analysis.Monoclonal mouse antihuman Ki67 and p53antibodies were used as primary antibodies (Dako,Carpinteria, CA, USA).Scoring of immunoreactivity: We classified FASstaining of carcinoma tissue compared with staining ofadipose tissue. Scoring of cellular FAS positivity wasclassified as follows: i) negative  carcinoma tissue notstained or stained less than adipose cell, ii) positive carcinoma tissue stained same as adipose tissue orstained more than adipose cell.Tissue FAS expression was scored using the followingscale: 0 if positive cells were less than 10% of tumor cells,1 if positive cells were 10% to 30% of tumor cells, 2 ifpositive cells were 30% to 50% of tumor cells, and 3 ifpositive cells were more than 50% of tumor cells.Finally, scores of 0 and 1 were combined to representnegative FAS expression and scores of 2 and 3 werecombined to represent positive FAS expression.Tissue expressions of p53 and Ki67 were classifiedinto four groups in a similar way as done for tissue FASexpression described above. We compared FAS scoreswith Ki67 scores and p53 scores.Statistical Analysis: Relationship of the scores oftissue FAS expression with those of tissue Ki67expression and tissue p53 expression was analyzedusing the Spearman’s correlation coefficient by ranktest. Cutoff endpoints were determined according topositive and negative immunohistochemical tissue FASexpressions observed. FAS positive cases were analysedfor association of FAS expression withclinicopathological features using the Chisquare test,Fisher’s exact test (if available) or MannWhitney’s test.We estimated survival based on FAS expressionpatterns using the KaplanMeier analysis and comparedsurvival between groups using logrank tests. A p valueless than 0.05 were considered significant. All analyseswere conducted using the GraphPad Prizm5®softwarestatistic package (GraphPad Software Inc., La Jolla, CA,USA).

RESULTS
The clinical features of 38 PDC cases are listed intable 1. All 38 cases had adenocarcinoma andrecurrences were noted in 32 patients. Twenty six casesdied due to PDC. Fifteen cases were positive and 23were negative for FAS staining (Figures 1, 2).Correlation between scores of tissue FAS expression andscores of tissue Ki67 expression was analyzed. FASpositivity correlated with Ki67 positivity (p = 0.001)(Figure 3). There was no relationship between scores oftissue FAS expression and scores of tissue p53expression (p = 0.2240) (Figure 4).
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The pathological features were analyzed according toFAS expression status. FAS positive cases showedhigher rates of high vessel involvement (p = 0.001),lymph node metastases (p = 0.004) and differentiation(p = 0.035) (Table 2). The clinical features of the twogroups were also analyzed. There were no significantdifferences between the two groups in gender, age,tumor site, preoperative levels of CA199 or diabetesmellitus complication (Table 3). Clinicopathologicalfindings are shown according to Ki67 or p53 positivity(Tables 4, 5). There were no differences in theclinicopathological features according to positivity of Ki67 or p53. Although recurrences were often detected inboth groups, there was no difference in relapse freesurvival rates (RFS) between the two groups (p =0.1499) (Figure 5). However, overall survival rate (OS)of FAS positive cases was lower than that of FASnegative cases (p = 0.007) (Figure 6).

DISCUSSION
Human FAS is a 270kDa cytosolic enzyme thatsynthesizes longchain fatty acids, palmitate, myristate,and stearate, using acetylCoA, malonylCoA, andNADPH [9]. Recently, it has been suggested that FASplays an important role not only in tumor growth, butalso in tumor survival and drug resistance with de novolipogenesis [18, 19]. Therefore, increase in FASexpression may be associated with cancer progression,high risk of cancer recurrence, and shorter survival.Pancreatic ductal cancer is known to be a cancer withpoor prognosis because recurrences are often seen eventhough curative resections are performed. Recently,several studies of FAS expression in cases of pancreaticductal cancer have been reported [17, 19, 20]. In thesestudies, FAS was reported to have relationship to some

Table 1: Clinical features of pancreatic ductal carcinoma cases(n=38).

Figure 1: Sample of FAS positive case. In FAS positive cases,A) Cellular cytoplasm was well stained, B) 30% to 50% ofcancer cells stained positively. (Immunohistochemistry forFAS; A x200; Bx100).

Figure 2: Samples of FAS negative case. A) Cellular cytoplasmswere slightly stained, B) Less than 10% of cancer cells werestained positively. (Immunohistochemistry; A x200; x100.

Figure 3: Correlation between scores of tissue FAS expressionand scores of tissue Ki67 expression. FAS positivitycorrelated with Ki67 positivity (p = 0.001).

Figure 4: Correlation between scores of tissue FAS expressionand scores of tissue p53 expression, There were norelationship between scores of tissue FAS expression andscores of tissue p53 expression (p = 0.224).

Clinical features
Gender (male/female) 20/18
Age (years) 66.1
Location (cases) Head 27, Body 4, Tail 7
Clinical Stages (UICC) (cases) IB 1, IIA 15, IIB 20, III 7
Recurrences (cases) 32 (26 were deceased)
Follow up (months) 20.6 (range: 257)
Number of cases in each score 9/14/3/12
(Score 0/1/2/3)
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Table 2: Pathological features of pancreatic ductal carcinoma according to FAS immunohistochemical staining.

Note: High vessel involvement means ly 2, 3 or v 2, 3 grade. High perineural invasion means ne 2, 3 grade.Abbreviations: ly  lymphatic vessel involvement, v  venous involvement, ne  perineural tumor invasion.

Table 3: Pathological features of pancreatic ductal carcinoma according to FAS immunohistochemical staining.

Abbreviaions: DM  diabetes mellitus, H – head, B – Body. T  Tail

Table 4: Pathological features of pancreatic ductal carcinoma according to Ki67.
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Table 5: Clinical features of pancreatic ductal carcinoma according to Ki67.

pathological characteristics such as histological type ofcancer, lymph node metastases, p53 expression orclinical outcome. Alo et al. [17] reported that FAS wasoverexpressed in poorly differentiated adenocarcinomasand was associated with patients’ outcome in pancreaticadenocarcinoma. Witkiewicz et al. [20] reported thatFAS expression strongly correlated with tumor size,tumor grade and the presence of lymph node metastasisin pancreatic cancer. Our results were similar to their

conclusions, but, interestingly, FAS positivity had nocorelation with p53 positivity, though FAS positivitycorelated with Ki67 positivity.Positivity for p53 immunohistochemical staining isreported to be related to clinical outcome of differenttypes of cancers. D’Erchia et al. [21] demonstrated thatp53 family of proteins control FASN expression, thesame as the SREBP1c signalling pathway. In contrast,Ogino et al. [16] reported that FAS expression was

Table 6: Pathological features of pancreatic ductal carcinoma according to p53.

Table 7: Pathological features of pancreatic ductal carcinoma according to p53.
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Figure 5: KaplanMeier curves related to FAS expression inrelapse free survival. There was no significant differencebetween FAS positive case and FAS negative cases in relapsefree survival (p = 0.149). The red line shows FAS positive casesand the blue line shows FAS negative cases.

Figure 6: KaplanMeier curves related to FAS expression inoverall survival. The overall survival rate of FAS positive caseswas lower than that of FAS negative cases (p = 0.007). The redline shows FAS positive cases and the blue line shows FASnegative cases.

Table 8: Pathological features according to FAS intensity.

associated with clinical outcome, but it had nosignificant relationship with p53 positivity. Rashid et al.[22] also reported FAS staining in 139 cases of colorectalcancer, and suggested that FAS expression couldcorrelate with poor prognosis through an associationwith lymph node metastases and aggressivehistopathological subtypes, however, no significantassociation was observed between lymph nodemetastases, patient survival, and FAS expression. Ourresults of correlation between FAS expression and p53expression was similar to Ogino’s et al.From the previous reports and our results, it isproposed that FAS expression is related to canceraggressiveness. FAS positivity may be considered to beone of the prognostic markers. However, the results ofFAS expression are slightly different among previousreports. We suspect that these differences may be due todifferences in criteria for positivity for FAS and p53staining. More studies are needed to analyze FASexpression for establishing the exact singnificance ofFAS expression.

CONCLUSION
FAS expression may be related to clinical behavior inpancreatic ductal carcinoma with high incidence oflymph node metastasis. FAS positive cases of pancreaticductal carcinoma may have shorter survival timecompared to FAS negative cases.
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