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A B S T R A C T

A western lifestyle, characterised by low rates of energy expenditure and a high-energy diet

rich in animal protein, saturated fats and refined carbohydrates, is associated with high

incidence of prostate cancer in men. A high-energy nutritional status results in insulin/

IGF signalling in cells, which in turn stimulates synthesis of fatty acids. We investigated

whether the genetic variability of the genes belonging to the fatty acid synthesis pathway

is related to prostate cancer risk in 815 prostate cancer cases and 1266 controls from the

European Prospective Investigation on Cancer (EPIC). Using a tagging approach and select-

ing 252 SNPs in 22 genes, we covered all the common genetic variation of this pathway.

None of the SNPs reached statistical significance after adjusting for multiple comparisons.

Common SNPs in the fatty acid synthase pathway are not major contributors to prostate

cancer risk.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

A western lifestyle, characterised by low rates of energy

expenditure and a high-energy diet rich in animal protein,

saturated fats and refined carbohydrates, is associated with

high incidence of prostate cancer (PC).1–3 This is also sup-

ported by geographic epidemiology evidence, showing that

PC incidence is consistently correlated with western lifestyle.4

Even within Europe, a North-South and West-East gradient of

PC incidence supports this hypothesis.5

Nutritional status is an important determinant of blood

and tissue concentrations of insulin-like growth factor-I,

which has a key role in regulating anabolic (growth) pro-

cesses.6,7 Experimental and epidemiologic evidence indicates

that excess stimulation of cells by IGF-I can promote tumour

development by inhibiting apoptosis and stimulating cell pro-

liferation.8 Excess energy intake and obesity also cause insu-

lin resistance, which is associated with elevated blood levels

of glucose and insulin.2,9–16

One of the several outcomes of insulin/IGF-I signalling is

the synthesis of fatty acids.17 Fatty acid synthesis is important

for cellular proliferation by allowing the cell to store energy in

adipose tissue,18 and also by providing precursors of critical

signal molecules for proliferation and differentiation.19

Evidence suggests that high-fat diets and obesity are risk

factors for PC.1,20,21 Indeed, a lipogenic phenotype is a distinc-

tive feature of many cancer cell types, including PC cells.22

Additional lines of evidence in favour of involvement of

this pathway in prostate carcinogenesis include the fact that

expression of acetyl-CoA carboxylase alpha (ACC-alpha) and

fatty acid synthase (FAS), the two most important compo-

nents of the pathway, results in proliferation of PC cells.23–25

ACC-alpha is the rate-limiting enzyme for long-chain fatty

acid synthesis that catalyses the carboxylation of acetyl-CoA

to malonyl-CoA. FAS catalyses the NADPH-dependent con-

densation of acetyl-CoA and malonyl-CoA to produce pre-

dominantly the 16-carbon saturated free palmitate. A high

level of palmitic acid in plasma phospholipids has been asso-

ciated with prostate cancer risk in a nested case–control

study within EPIC.26 Transcription of the FAS gene is con-

trolled synergistically by the transcription factors ChREBP

(carbohydrate response element-binding protein) and
SREBP-1 (sterol response element-binding protein-1). ChREBP

is induced by glucose signalling.27 Glucose is transported into

cells by a number of specific carriers, which are members of

the solute carrier families 2 and 5. SREBP-1 on the other hand

is stimulated by insulin signalling18,28 and its function re-

quires a co-factor CBF/NF-Y.29 Intake of dietary fatty acids,

specifically poly-unsaturated fatty acids (PUFAs), results in

suppressed lipogenesis in liver and other tissues,30 through

direct action on SREBP-1 and NF-Y.31 Fatty acids are trans-

ported into cells by members of the solute carrier family

27.32 Key components of the pathway and their relations are

represented in Supplementary Fig. 1.

Since molecules in the FAS pathway and upstream of it are

centrally implicated in prostate carcinogenesis, we hypothe-

sised that polymorphic alleles of their encoding genes could

modify their expression or activity, thus conferring altered

PC susceptibility. In this report we investigated the genetic

variability of 22 key genes in the above mentioned pathway.

We tested the association of 252 tagging SNPs with PC risk

in a study of 815 invasive PC cases and 1266 controls nested

within the European Prospective Investigation into Cancer

and Nutrition (EPIC). To our knowledge this is the first report

on polymorphisms of these genes and PC risk.

2. Materials and methods

2.1. The EPIC cohort

A fully detailed description of the EPIC cohort has been pub-

lished elsewhere.33

Briefly, EPIC consists of about 370,000 women and 150,000

men, aged 35–69, recruited between 1992 and 2005 in 10 Wes-

tern European countries.

The vast majority (>97%) of subjects recruited in the EPIC

cohort are of European (‘Caucasian’) origin. All EPIC study sub-

jects provided anthropometric measurements (height, weight,

and waist and hip circumferences) and extensive, standard-

ised questionnaire information about medical history, diet,

physical activity, smoking and other lifestyle factors. About

260,000 women and 140,000 men provided a blood sample.

Cases of cancer occurring after recruitment into the cohort

and blood donation are identified through local and national
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cancer registries in 7 of the 10 countries, and in France, Ger-

many and Greece by a combination of contacts with national

health insurances and/or active follow-up through the study

subjects or their next of kin. Follow-up on vital status is

achieved through record linkage with mortality registries.

2.2. Selection of case and control subjects

Case subjects were selected among men who developed PC

after blood collection. Control subjects (1–2 controls per case)

were selected randomly by incidence density sampling,

matching the cases for centre of recruitment, age at blood

donation and duration of follow-up. A total of 815 invasive

PC cases and 1266 controls were included in the present study.

The controls include 10 subjects who were selected twice due

to the incidence density matching procedure. Each control

should have been free of cancer up to the duration of follow-

up of the index case. The study was approved by the ethical re-

view boards of the International Agency for Research on Can-

cer, and of the collaborating institutions responsible for

subject recruitment in each of the EPIC recruitment centres.

2.3. SNP selection

For each of the 22 candidate genes we selected a genomic

region between 5 kb 5 0 of the beginning of the first known

exon and 5 kb 3 0 of the end of the last known exon. A list of

SNPs in all 22 gene regions was compiled using data from
Table 1 – Candidate genes and their SNPs.

Gene Trivial name(s) # S

ACACA ACC alpha
ACACB ACC beta
FASN FAS
MLXIPL MIO; CHREBP; MONDOB; WBSCR14; WS-bHLH
NFYA CBF-A nuclear transcription factor Y, alpha
NFYB CCAAT-binding factor/nuclear factor_Y

nuclear transcription factor Y, beta
NFYC CBF-G nuclear transcription factor Y, gamma
SLC27A1 FATP1
SLC27A2 FATP2
SLC27A3 FATP3
SLC27A4 FATP4
SLC27A6 FATP6
SLC2A1 GLUT, GLUT1
SLC2A12 GLUT12, GLUT8
SLC2A4 GLUT4
SLC2A5 GLUT5
SLC2A8 GLUT8, GLUTX1
SLC5A1 SGLT1
SLC5A2 SGLT2
SLC5A8 SMCT
SREBF1 SREBP1
SREBF2 SREBP2

Total
a SNPs found in HapMap (release 22) with MAF P 0.05 in CEPH Caucasian

first known exon and 5 kb 3 0 of the end of the last known exon for each g
b Tagging SNPs selected from each gene region with the use of the Tag

design scores.
c SNPs successfully genotyped and used for statistical analysis (after ex
HapMap (release 22, based on dbSNP version 126 and NCBI

genome build 36), and tagging SNPs were selected by the

use of the Tagger algorithm,34 as implemented in the Haplo-

view software. Parameters used for Tagger selection were

minor allele frequency (MAF) P 5% in Caucasians, minimum

r2 = 0.8 between each pair of tagged and tagging SNPs, pair-

wise tagging. This selection resulted in a list of 275 tagging

SNPs (Table 1). SNPs that were predicted to perform poorly

with Illumina GoldenGate genotyping technology were either

replaced by SNPs in high linkage disequilibrium (r2 P 0.8, as

calculated from HapMap data), or dropped from the list if

no proxy was available. This gave us a list of 260 SNPs, for

which genotyping was attempted on cases and controls. Fi-

nally, for quality control purpose, we added 30 SNPs that

had been genotyped on the same samples in an unrelated

project.

2.4. Sample preparation and genotyping

DNA was extracted from blood samples on an Autopure

instrument (Qiagen, Hilden, Germany) with Puregene chemis-

try (Qiagen, Hilden, Germany). The order of DNAs from cases

and controls was randomised on PCR plates in order to ensure

that an equal number of cases and controls could be analysed

simultaneously.

Genotyping was carried out using the Illumina GoldenGate

technology (San Diego, CA, USA), according to the protocol

specified by the manufacturer.
NPs MAF P 0.05a # tagSNPs r2 > 0.8b # SNPs genotypedc

137 22 21
115 41 38
13 7 6
11 5 3
22 5 5
17 8 7

77 9 9
25 12 11
55 19 15
12 10 9
7 7 5

111 21 19
47 16 15
58 22 21
11 8 8
24 10 10
17 7 6
47 11 10
6 5 4

55 15 15
11 1 1
43 14 14

921 275 252

s (CEU), considering a region between 5 kb 5 0 of the beginning of the

ene.

ger algorithm, before replacements/exclusions due to low Illumina

clusions due to low call rate and strong deviation from HWE).
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2.5. Hormone level measurement

Hormone measurements on serum insulin-like growth factor

1 (IGF-I), IGF-binding protein-3 (IGFBP-3) androstenedione

(D4), androstanediol glucuronide (ADIOL), testosterone

(TESTO) and sex-hormone-binding-globuline (SHBG) were

available on 589 cases and 614 controls.

All hormone assays were performed by the laboratory of

the Hormones and Cancer Team at the International Agency

for Research on Cancer, Lyon, France, by using commercially

available immunoassays as described previously.35,36

Androstenedione and androstanediol glucuronide were

measured by radio-immunoassay (RIA) with a double anti-

body system for the separation of free and bound antigen

(Diagnostic Systems Laboratory, Webster, TX, USA). Serum

testosterone concentrations were measured by RIA (Immuno-

tech, Marseilles, France). SHBG was measured by a solid

phase ‘sandwich’ immunoradiometric assay (Cis-Bio Interna-

tional, Gif-sur-Yvette, France).

Serum IGF-I and IGFBP-3 concentrations were measured

with ELISA-based assays from Diagnostic Systems Laborato-

ries. IGF-I assays included an acid-ethanol precipitation of

IGF-I–binding proteins to avoid interference of IGFBPs with

the IGF-I assay. The laboratory personnel who conducted

the assays were blinded to the case or control status of the
Table 2 – Characteristics of the study populati

Age at diagnosis
(Median, Mean, Std)
Severity of diseasea

Non-aggressive
Aggressive

Subjects with measurements of circulating ho
IGF-I Missing

<133.94 ng/ml
>133.94 ng/ml; <194.1
>194.15 ng/ml

IGFBP-3 Missing
<3368.5 ng/ml
>3368.5 ng/ml; <3991
>3991.7 ng/ml

ADIOL Missing
<4.84 ng/ml
>4.84 ng/ml; <7.91 ng
>7.91 ng/ml

D4 Missing
<1.18 ng/ml
>1.18 ng/ml; <1.56 ng
>1.56 ng/ml

SHBG Missing
<36.26 nmol/l
>36.26 nmol/l; <51.41
>51.41 nmol/l

TESTO Missing
<3.85 ng/ml
>3.85 ng/ml; <5.38 ng
>5.38 ng/ml

a Disease aggressiveness was defined as extraprosta

(Gleason score P 8).
participants providing the samples. Serum samples from

each case–control set were assayed within the same batch,

analysed on the same day and with the same immunoassay

kit. Three quality control serum samples, which were indis-

tinguishable from the subject samples, were inserted into

each assay batch.

2.6. Data filtering and statistical analysis

Any sample where more than 25% of attempted SNPs failed

was excluded from analysis. SNPs that failed for 25% of

samples or more were excluded, as well as SNPs that showed

statistically significant (p < 10)5) deviations from Hardy–Wein-

berg equilibrium (HWE) among controls.

We analysed the association between PC risk and geno-

types for each SNP using conditional logistic regression.

Genotypes were coded either as counts of minor alleles (trend

test) or as two indicator variables, one for heterozygotes and

one for minor-allele homozygotes (two degrees of freedom

test). We also performed analyses stratifying by disease

aggressiveness (defined as extraprostatic extension (stage

C/D) or high histologic grade (Gleason score P 8)).

Finally, we performed analyses stratifying by circulating

levels of IGF-I, IGFBP-3 and sex steroid hormones (ADIOL,

D4, SHBG and TESTO). The different strata were defined as
on.

Controls Cases

1,266 815
60.5 (61.3,6.1) 60.4 (60.7,5.8)

– 657
– 158

rmones
654 228
204 156

5 ng/ml 204 234
204 197
653 228
205 174

.7 ng/ml 204 190
204 223
652 226
205 215

/ml 205 187
204 187
656 231
204 205

/ml 203 197
203 182
684 261
194 196

nmol/l 194 191
194 167
698 279
190 176

/ml 189 160
189 200

tic extension (stage C/D) or high histologic grade



Table 3 – Associations between SNPs in candidate genes and prostate cancer risk. All associations supported by p < 0.05 in at
least one of the two tests are reported. For genes where no significant association were found, the SNPs with the lowest p-
value in either test is reported.

Gene rs number Chr Positiona OR het (95% CI)b OR hom (95% CI)b p2df ptrend

ACACA rs878520 17 32,836,220 0.81 (0.68–0.98) 0.99 (0.75–1.3) 0.07 0.32
ACACA rs8073074 17 32,577,062 0.90 (0.74–1.09) 0.69 (0.4–1.17) 0.24 0.11

ACACB rs3742023 12 108,178,365 0.92 (0.76–1.10) 1.30 (0.99–1.71) 0.04 0.28
ACACB rs2268387 12 108,128078 0.91 (0.75–1.11) 0.78 (0.60–1.02) 0.19 0.07

FASN rs4485435 17 77,638,375 0.98 (0.81–1.20) 0.73 (0.45–1.19) 0.45 0.39

MLXIPL rs11760752 7 72,660,998 1.01 (0.84–1.23) 1.64 (1.05–2.55) 0.09 0.17

NFYA rs9296352 6 41,160,852 1.22 (0.99–1.50) 1.63 (0.86–3.07) 0.07 0.02

NFYB rs2466551 12 103,037,048 0.83 (0.67–1.02) 1.19 (0.67–2.12) 0.16 0.27
NFYB rs17806516 12 103,053,896 1.21 (0.94–1.54) 1.68 (0.52–5.43) 0.24 0.10

NFYC rs17357062 1 40,994,802 0.81 (0.59–1.12) 9.69 (1.04–90.05) 0.06 0.60
NFYC rs3767953 1 41,002,374 0.91 (0.73–1.15) 0.93 (0.40–2.17) 0.73 0.45

SLC27A1 rs12985511 19 17,455,473 1.14 (0.91–1.41) 1.96 (0.95–4.04) 0.11 0.07

SLC27A2 rs933857 15 48,277,334 1.19 (0.99–1.44) 0.78 (0.47–1.27) 0.08 0.42
SLC27A2 rs11854881 15 48,260,667 0.92 (0.73–1.14) 0.52 (0.22–1.21) 0.24 0.15

SLC27A3 rs6682411 1 152,014,240 0.76 (0.57–1.00) 1.09 (0.44–2.71) 0.13 0.10

SLC27A4 rs10987969 9 130,163,826 0.94 (0.79–1.13) 0.76 (0.54–1.06) 0.26 0.14

SLC27A6 rs257897 5 128,341,991 0.86 (0.71–1.03) 1.23 (0.91–1.67) 0.05 0.91
SLC27A6 rs17767297 5 128,363,032 0.81 (0.61–1.06) 0.36 (0.04–3.01) 0.21 0.08

SLC2A1 rs3820546 1 43,170,672 0.85 (0.69–1.05) 1.17 (0.92–1.50) 0.02 0.32
SLC2A1 rs4658 1 43,164,837 1.14 (0.94–1.37) 1.18 (0.77–1.82) 0.36 0.16

SLC2A12 rs2811675 6 134,371,690 1.13 (0.92–1.38) 0.91 (0.70–1.18) 0.18 0.71
SLC2A12 rs9493790 6 134,356,656 0.83 (0.64–1.07) 0.96 (0.31–2.95) 0.36 0.18

SLC2A4 rs222847 17 7,126,141 0.78 (0.58–1.06) 0.97 (0.29–3.23) 0.29 0.15

SLC2A5 rs12736085 1 9,053,237 0.94 (0.78–1.13) 0.68 (0.47–0.98) 0.12 0.07

SLC2A8 rs3824414 9 129,206,678 1.10 (0.90–1.34) 1.12 (0.86–1.45) 0.58 0.33
SLC2A8 rs10987637 9 129,208,147 1.01 (0.83–1.22) 0.87 (0.66–1.15) 0.55 0.45

SLC5A1 rs9606899 22 30,777,811 0.78 (0.63–0.97) 1.24 (0.62–2.49) 0.06 0.10
SLC5A1 rs9609421 22 30,791,497 0.75 (0.53–1.06) ND 0.26 0.06

SLC5A2 rs3116150 16 31,405,522 1.16 (0.96–1.40) 1.27 (0.88–1.84) 0.18 0.07

SLC5A8 rs7962305 12 100,126,478 1.06 (0.88–1.28) 0.75 (0.49–1.14) 0.28 0.68
SLC5A8 rs2671434 12 100,099,783 1.21 (0.93–1.56) 1.20 (0.42–3.43) 0.35 0.16

SREBF1 rs4925114 17 17,651,995 0.96 (0.80–1.16) 0.89 (0.66–1.19) 0.71 0.42

SREBF2 rs133290 22 40,597,551 1.32 (1.07–1.64) 1.01 (0.79–1.30) 0.01 0.79
SREBF2 rs11702960 22 40,599,478 0.93 (0.75–1.16) 0.47 (0.21–1.06) 0.17 0.16
a NCBI genome build 36.
b OR het: odds ratios of heterozygotes; OR hom: odds ratios of homozygotes for the less common allele; 95%CI: 95% confidence interval;

homozygotes for the common allele were the reference group for all tests.
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tertiles of raw measurement values of all control subjects.

The tertile cut-off points were 4.8 and 7.9 ng/ml for ADIOL,

1.2 and 1.6 ng/ml for D4, 133.9 and 194.2 ng/ml for IGF-I,

3369 and 3992 ng/ml for IGFBP-3, 36.3 and 51.4 nmol/l for

SHBG and 3.9 and 5.4 ng/ml for TESTO. Within each of these

strata we estimated the effect of genotype variation on breast

cancer risk and testing for heterogeneity of these effects

across strata.

In order to take into account the large number of tests per-

formed in this project, we calculated for each gene the num-

ber of effective independent variables, Meff, using the SNP
Spectral Decomposition approach.37 We obtained a gene-wide

Meff value for each gene and also a study-wide Meff value, by

adding up the gene Meff’s.

All statistical analyses were performed with SAS ver-

sion 9.2.
3. Results

In this study we analysed 252 SNPs of 22 genes involved in the

fatty acid synthase pathway in 815 PC cases and 1266
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matched controls. Summary characteristics of the study pop-

ulation are shown in Table 2.

3.1. Genotyping success rates and quality control

We attempted genotyping of 290 SNPs, of which 30 analysed

in previous studies were included for quality control. Seven

SNPs were excluded from association analysis because of

low call rates (<75%), and one SNP (rs7800944 MLXIPL gene)

was excluded because of departure from HWE (p < 10)5 in

controls). The genotype concordance for the 30 quality con-

trol SNPs with previous studies was 100%. Random duplicate

samples (n = 54) were also included and concordance of their

genotypes was 99.99%. The number of SNPs included in the

association analysis was 252 (97% of attempted SNPs) and

the average call rate for these SNPs was 99.9%.

We initially included 2110 samples, and after removing

subjects samples with a call rate lower than 75% (n = 39), we

had a dataset including 815 PC cases and 1266 matched

controls.

3.2. Main effects of genotyped SNPs

We calculated Meff values for each candidate gene separately

and for the whole study (by adding the individual gene Meff

values). The pathway-wide Meff was 207 (the Meff values for

each gene are reported in Supplementary Table 1). We there-

fore considered a study-wide significance p-value threshold of

0.05/207 = 0.00024 statistically significant.

In overall PC risk analysis no associations emerged at the

study-wide significance threshold between any of the poly-

morphisms genotyped (ptrend 0.0227–1.0; p2df 0.0122–0.9965).

Table 3 shows overall results of the SNP from each investi-

gated gene with the lowest p-value, and for all SNPs with

p-values below 0.05, and Supplementary Table 2 shows the

corresponding results for all analysed SNPs.

3.3. Effects of genotyped SNPs in different population
strata

Using the above mentioned tertile thresholds we found no

statistically significant association between analysed SNPs

and PC risk in the different strata considered (disease aggres-

siveness, levels of hormones in blood). Detailed results are

presented in Supplementary Tables 3–9.

When stratifying for tertiles of D4 levels, the SNP rs4925114

of the SREBF1 gene had a heterogeneity test P value which was

close to multiple-testing-corrected significance (Pheterogeneity =

0.0003). The association with PC risk was limited to the inter-

mediate tertile of D4 levels (Pvalue = 0.00118) (Supplementary

Table 4).

4. Discussion

Up-regulation of genes involved in lipogenesis is a common

feature of many cancers, as documented by the fact that

many human tumour cells synthesise fatty acids instead of

using fatty acids from the diet.38

In this study we investigated if common genetic variation

in genes belonging to the FAS pathway plays an important
role in the development of prostate cancer based on their

key function in lipogenesis. Overall no clear association be-

tween any of the 252 SNPs from 22 candidate genes was

detected.

A strong evidence in favour of involvement of fatty acid

synthesis pathway in prostate carcinogenesis include the fact

that expression of ACC-alpha and FAS, the key limiting en-

zymes of fatty acid synthesis, results in proliferation of PC

cells.23,25,39–42

In this report we sought to thoroughly examine the com-

mon genetic variability of 22 key genes in the pathway in rela-

tion to possible association with PC risk. For doing so we

selected 252 tagging SNPs which tagged 921 alleles in a pair-

wise manner, covering in this way at least 88.9% of the genetic

variation in each gene. We exhaustively analysed the possible

associations between the SNPs and PC risk. By way of esti-

mating codominant and trend models we had a fair chance

to also detect recessive or dominant effects if there were

any. Moreover, subgroup analyses were performed based on

disease aggressiveness. Finally we performed stratified analy-

sis taking into account the circulating levels of 6 hormones or

their binding proteins, namely IGF-I, IGFBP-3, ADIOL, D4,

SHBG and testosterone, looking for heterogeneity of SNP ef-

fects as a sign of interaction.

Using a stringent threshold for statistical significance,

which takes into account the large number of tests per-

formed, we have found no statistical association between

the polymorphisms and PC risk regardless of the model of

inheritance (dominant, codominant and recessive) or the

stratum (hormone level or disease aggressiveness) consid-

ered. It is interesting to report that SNP rs4925114 of the

SREBF1 gene showed an association with PC risk in subjects

with an intermediate range of values of circulating D4. How-

ever, since the significance level did not reach the experi-

ment-wide significance threshold, and considering the fact

that it was significant only in the intermediate stratum, this

result could be explained as a false positive finding.

Within the EPIC study population, which for men covers

eight western European countries, there is some variation in

prostate cancer incidence rates, as well as in stage and grade,

which could be at least partly due do different extent of PSA

screening across the different EPIC countries. However, it

should be stressed that our analysis does not focus on these

geographic differences but on possible genetic determinants

within the full EPIC study population.

Although over 97% of the EPIC subjects are estimated to be

of Caucasian origin, differences in allelic frequencies across

Europe could in theory cause confounding by population

stratification. However, we did not observe major variations

in allele frequencies across countries for the SNP studied here

(data not shown).

By estimating the co-dominant model we had a possibility

to detect both recessive and dominant effects in addition to

trend effects (power = 0.80 for co-dominant model to detect

OR = 1.36 at alpha = 0.00024 for a SNP with a MAF of 0.30).

None of the SNPs we tested reached this level of significance.

We conclude that polymorphisms in 22 candidate genes sen-

sible to energy intake belonging to the FAS pathway are not

major risk factors for PC risk, in a population of Caucasian

men.
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Recherche Médicale (INSERM); German Cancer Aid; German

Cancer Research Center; German Federal Ministry of Educa-

tion and Research; Danish Cancer Society; Health Research

Fund (FIS) of the Spanish Ministry of Health; the participating

regional governments and institutions of Spain; Cancer

Research UK; Medical Research Council, UK; the Stroke Asso-

ciation, UK; British Heart Foundation; Department of Health,

UK; Food Standards Agency, UK; the Wellcome Trust, UK;

Greek Ministry of Health; Greek Ministry of Education; Italian

Association for Research on Cancer; Italian National Research

Council; Dutch Ministry of Public Health, Welfare and Sports

(VWS), Netherlands Cancer Registry (NKR), LK Research

Funds, Dutch Prevention Funds, Dutch ZON (Zorg Onderzoek

Nederland), World Cancer Research Fund (WCRF) (The

Netherlands); Statistics Netherlands; Swedish Cancer Society;

Swedish Scientific Council; Regional Government of Skane,

Sweden; Norwegian Cancer Society.

We gratefully acknowledge the role of national and regio-

nal cancer registries in providing follow-up data to the EPIC

central database.

Appendix A. Supplementary data

Supplementary data associated with this article can be found,

in the online version, at doi:10.1016/j.ejca.2010.09.029.
R E F E R E N C E S
1. Chan JM, Gann PH, Giovannucci EL. Role of diet in prostate
cancer development and progression. J Clin Oncol
2005;23:8152–60.

2. Kaaks R, Lukanova A. Effects of weight control and physical
activity in cancer prevention: role of endogenous hormone
metabolism. Ann N Y Acad Sci 2002;963:268–81.

3. Kolonel LN, Henderson BE, Hankin JH, et al. A multiethnic
cohort in Hawaii and Los Angeles: baseline characteristics.
Am J Epidemiol 2000;151:346–57.

4. Ferlay J, Shin HR, Bray F, et al.. Estimates of worldwide burden
of cancer in 2008: GLOBOCAN 2008. Int J Cancer [e-publication
17 Jun 2010].
5. Ferlay J, Parkin DM, Steliarova-Foucher E. Estimates of cancer
incidence and mortality in Europe in 2008. Eur J Cancer
2010;46:765–81.

6. Clemmons DR, Underwood LE. Nutritional regulation of IGF-I
and IGF binding proteins. Annu Rev Nutr 1991;11:393–412.

7. Thissen JP, Ketelslegers JM, Underwood LE. Nutritional
regulation of the insulin-like growth factors. Endocr Rev
1994;15:80–101.

8. Renehan AG, Zwahlen M, Minder C, et al. Insulin-like growth
factor (IGF)-I, IGF binding protein-3, and cancer risk:
systematic review and meta-regression analysis. Lancet
2004;363:1346–53.

9. Augustin LS, Dal Maso L, La Vecchia C, et al. Dietary glycemic
index and glycemic load, and breast cancer risk: a case–
control study. Ann Oncol 2001;12:1533–8.

10. Bianchini F, Kaaks R, Vainio H. Overweight, obesity, and
cancer risk. Lancet Oncol 2002;3:565–74.

11. Kaaks R. Nutrition, hormones, and breast cancer: is insulin
the missing link? Cancer Causes Control 1996;7:605–25.

12. Kaaks R, Lukanova A. Energy balance and cancer: the role of
insulin and insulin-like growth factor-I. Proc Nutr Soc
2001;60:91–106.

13. Kaaks R, Lundin E, Rinaldi S, et al. Prospective study of IGF-I,
IGF-binding proteins, and breast cancer risk, in northern and
southern Sweden. Cancer Causes Control 2002;13:307–16.

14. Key T, Appleby P, Barnes I, Reeves G. Endogenous sex
hormones and breast cancer in postmenopausal women:
reanalysis of nine prospective studies. J Natl Cancer Inst
2002;94:606–16.

15. Lahmann PH, Schulz M, Hoffmann K, et al. Long-term weight
change and breast cancer risk: the European prospective
investigation into cancer and nutrition (EPIC). Br J Cancer
2005;93:582–9.

16. Muti P, Quattrin T, Grant BJ, et al. Fasting glucose is a risk
factor for breast cancer: a prospective study. Cancer Epidemiol
Biomarkers Prev 2002;11:1361–8.

17. Saltiel AR, Kahn CR. Insulin signalling and the regulation of
glucose and lipid metabolism. Nature 2001;414:799–806.

18. Marchington JM, Pond CM. Site-specific properties of
pericardial and epicardial adipose tissue: the effects of insulin
and high-fat feeding on lipogenesis and the incorporation of
fatty acids in vitro. Int J Obes 1990;14:1013–22.

19. Pompeia C, Lopes LR, Miyasaka CK, et al. Effect of fatty acids
on leukocyte function. Braz J Med Biol Res 2000;33:1255–68.

20. Andersson SO, Wolk A, Bergstrom R, et al. Body size and
prostate cancer: a 20-year follow-up study among 135006
Swedish construction workers. J Natl Cancer Inst
1997;89:385–9.

21. Ma J, Li H, Giovannucci E, et al. Prediagnostic body-mass
index, plasma C-peptide concentration, and prostate cancer-
specific mortality in men with prostate cancer: a long-term
survival analysis. Lancet Oncol 2008;9:1039–47.

22. Menendez JA, Lupu R. Fatty acid synthase and the lipogenic
phenotype in cancer pathogenesis. Nat Rev Cancer
2007;7:763–77.

23. Brusselmans K, De Schrijver E, Verhoeven G, Swinnen JV.
RNA interference-mediated silencing of the acetyl-CoA-
carboxylase-alpha gene induces growth inhibition and
apoptosis of prostate cancer cells. Cancer Res
2005;65:6719–25.

24. Swinnen JV, Beckers A, Brusselmans K, et al. Mimicry of a
cellular low energy status blocks tumor cell anabolism and
suppresses the malignant phenotype. Cancer Res
2005;65:2441–8.

25. Swinnen JV, Roskams T, Joniau S, et al. Overexpression
of fatty acid synthase is an early and common event in
the development of prostate cancer. Int J Cancer
2002;98:19–22.

http://dx.doi.org/10.1016/j.ejca.2010.09.029


E U R O P E A N J O U R N A L O F C A N C E R 4 7 ( 2 0 1 1 ) 4 2 0 – 4 2 7 427
26. Crowe FL, Key TJ, Appleby PN, et al. Dietary fat intake and
risk of prostate cancer in the European Prospective
Investigation into Cancer and Nutrition. Am J Clin Nutr
2008;87:1405–13.

27. Sebolt-Leopold JS. Development of anticancer drugs targeting
the MAP kinase pathway. Oncogene 2000;19:6594–9.

28. Kuhajda FP. Fatty-acid synthase and human cancer: new
perspectives on its role in tumor biology. Nutrition
2000;16:202–8.

29. Ericsson J, Jackson SM, Edwards PA. Synergistic binding of
sterol regulatory element-binding protein and NF-Y to the
farnesyl diphosphate synthase promoter is critical for sterol-
regulated expression of the gene. J Biol Chem
1996;271:24359–64.

30. Field FJ, Born E, Mathur SN. Fatty acid flux suppresses fatty
acid synthesis in hamster intestine independently of SREBP-1
expression. J Lipid Res 2003;44:1199–208.

31. Teran-Garcia M, Adamson AW, Yu G, et al. Polyunsaturated
fatty acid suppression of fatty acid synthase (FASN): evidence
for dietary modulation of NF-Y binding to the Fasn promoter
by SREBP-1c. Biochem J 2007;402:591–600.

32. Stahl A. A current review of fatty acid transport proteins
(SLC27). Pflugers Arch 2004;447:722–7.

33. Riboli E, Hunt KJ, Slimani N, et al. European Prospective
Investigation into Cancer and Nutrition (EPIC): study
populations and data collection. Public Health Nutr
2002;5:1113–24.

34. de Bakker PI, Yelensky R, Pe’er I, et al. Efficiency and power in
genetic association studies. Nat Genet 2005;37:1217–23.
35. Allen NE, Key TJ, Appleby PN, et al. Serum insulin-like growth
factor (IGF)-I and IGF-binding protein-3 concentrations and
prostate cancer risk: results from the European Prospective
Investigation into Cancer and Nutrition. Cancer Epidemiol
Biomarkers Prev 2007;16:1121–7.

36. Travis RC, Key TJ, Allen NE, et al. Serum androgens and
prostate cancer among 643 cases and 643 controls in the
European Prospective Investigation into Cancer and
Nutrition. Int J Cancer 2007;121:1331–8.

37. Gao X, Starmer J, Martin ER. A multiple testing correction
method for genetic association studies using correlated single
nucleotide polymorphisms. Genet Epidemiol 2008;32:361–9.

38. Medes G, Thomas A, Weinhouse S. Metabolism of neoplastic
tissue. IV. A study of lipid synthesis in neoplastic tissue slices
in vitro. Cancer Res 1953;13:27–9.

39. Brusselmans K, De Schrijver E, Heyns W, Verhoeven G,
Swinnen JV. Epigallocatechin-3-gallate is a potent natural
inhibitor of fatty acid synthase in intact cells and selectively
induces apoptosis in prostate cancer cells. Int J Cancer
2003;106:856–62.

40. Gansler TS, Hardman 3rd W, Hunt DA, Schaffel S, Hennigar
RA. Increased expression of fatty acid synthase (OA-519) in
ovarian neoplasms predicts shorter survival. Hum Pathol
1997;28:686–92.

41. Rossi S, Ou W, Tang D. Gastrointestinal stromal tumours
overexpress fatty acid synthase. J Pathol 2006;209:369–75.

42. Takahiro T, Shinichi K, Toshimitsu S. Expression of fatty acid
synthase as a prognostic indicator in soft tissue sarcomas.
Clin Cancer Res 2003;9:2204–12.


	Genetic variability of the fatty acid synthase pathway is not associated with prostate cancer risk in the European Prospective Investigation on Cancer (EPIC)
	Introduction
	Materials and methods
	The EPIC cohort
	Selection of case and control subjects
	SNP selection
	Sample preparation and genotyping
	Hormone level measurement
	Data filtering and statistical analysis

	Results
	Genotyping success rates and quality control
	Main effects of genotyped SNPs
	Effects of genotyped SNPs in different population strata

	Discussion
	Role of the funding source
	Conflict of interest statement
	Acknowledgements
	Supplementary data
	References


