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Abstract Cancer cells require both nutrients and mitogens
to multiply and survive in the unfavorable microenviron-
ment of solid tumors or metastases before angiogenesis.
Most cancer cells do not use fatty acids (FA) from the
circulation but synthesize them in situ especially to make
membranes and lipid signals required for continuously
dividing cells. Three lipogenic enzymes are overexpressed,
induced by sex steroid hormones and responsible for the in
situ increased lipogenesis in cancer cells. We propose that
in the early stages of human breast and prostate carcino-
genesis, an increased activity of sex steroid receptors is
partly responsible for the overexpression of FA synthase
(FASN) whose regulation in cancer cells has been partic-
ularly studied. Increased activity of androgen receptor
(AR), via different mechanisms, was extensively reported
in prostate cancer. An increased level/and or activity of
progesterone receptors, correlated with an increased expres-
sion of FASN, was found both in early stages of breast
carcinogenesis and during the hormone replacement therapy
of menopausal women. While the majority of recent
targeted therapies are based on inhibition of mitogenic
pathways, the inhibition of cancer cell nutrition by interfering

with lipid synthesis and hormone action should open the way
to new therapeutic and preventive approaches of hormone-
dependent cancers.
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Introduction

Most targeted cancer therapies are based on drugs that
regulate transduction mechanisms and are directed against
membrane or nuclear receptors. However, to form a colony
that will survive and develop into a tumor or a metastasis in
a foreign microenvironment under stringent conditions,
cancer cells need not only to migrate and to enter an active
G1 phase of the cell cycle but also need nutriments to grow.
Indeed, carcinogenesis implies not only deregulation of
signal transduction pathways that control the cell cycle
leading to an anarchic DNA replication but also a concerted
activation of cellular mechanisms enabling the production
of a sufficient amount of proteins, lipids, and energy to
allow cells to survive and grow in a hostile environment
inside a solid tumor characterized by a high pressure,
hypoxia, acidic pH, and poor vascularisation.

In hormone-dependent cancers, nuclear receptors (NR)
activated by sex steroid hormones together with a large
number of co-modulators, play a major role in the complex
tissue-specific network induced by hormones during carci-
nogenesis to regulate cell proliferation and nutrition [1].
This overview is focused on lipogenic enzymes which are
overexpressed in breast and prostate cancer cells and
regulated by sex steroids. Unraveling the mechanism of
this overexpression might help to understand not only the
central role of androgens and their receptors in prostate
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carcinogenesis but also the deleterious effect of progestins
on breast cancer incidence in women treated with hormone
replacement therapy (HRT) [2].

Increased In Situ Lipogenesis in Cancer Cells
Compared to Normal Cells

In several solid tumors, including breast, prostate, lung, and
colon carcinomas, cancer cells, due to their high require-
ment in energy and cell membrane, synthesize high amount
of fatty acids (FA) via an increased expression and activity
of lipogenic enzymes [3–5]. Figure 1 shows schematically
the pathways leading to energy production and lipid
synthesis in cancer cells. In many solid tumors, energy is
mostly provided by high aerobic glycolysis with increased

glucose uptake to the detriment of the Krebs tricarboxylic
acid cycle in mitochondria. This Warburg effect leads to
lactic acid secretion and decreased extra cellular pH, even
in the presence of oxygen, and confer a selective growth
advantage to cancer cells [5, 6]. The in situ biosynthesis of
palmitic acid from citrate was demonstrated by different
groups to be increased by sex steroid hormones in breast
and prostate cancers for the synthesis of membrane and
signaling phospholipids. Three enzymes involved in the
synthesis of long-chain FA are overexpressed in breast and
prostate cancers [3]. They are ATP citrate lyase, acetyl-CoA
carboxylase (ACC1/2), a rate-limiting enzyme which gener-
ates malonyl CoA, and fatty acid synthase (FASN), the key
multifunctional enzyme catalyzing the synthesis of long-chain
FA from the condensation of acetyl CoA with malonyl CoA
[7]. Several other enzymes involved in membrane lipid
metabolism are also overexpressed. Some of them are
important in oncogenesis, but will not be considered here
since their hormonal regulation was less studied.

In normal nutritional conditions, FAs are provided by
nutriments from lipid digestion. The lipogenic enzyme
FASN is mostly expressed by liver, adipocytes, and lactating
mammary gland but not in resting mammary gland and in
normal prostate. FASN is induced by glucose, insulin, and T3
and rapidly downregulated by circulating FAs from the
alimentary lipids to produce a suitable amount of FAs [5, 8,
9]. In contrast, in cancer cells, FASN expression appears to be
insensitive to the downregulation by circulating FAs [9–11].

Several mechanisms can explain the FASN overexpres-
sion in most solid tumors. These mechanisms are not
exclusive and may vary according to the type of cancer.
The loss of the downregulation of FASN by circulating FAs
may be explained by the fact that in vivo, circulating FA
cannot reach cancer cells isolated from the circulation when
they proliferate inside the basement membrane, like in
breast carcinoma in situ (DCIS) and prostatic intraepithelial
neoplasia (PIN). Hypoxia associated to the increased
expression and activity of the hypoxia-induced transcription
factor 1 (HIF1) is certainly one mechanism to consider to
explain FASN overexpression. In most solid tumors, aerobic
glycolysis (the “Warburg effect”) [6] is often associated with
higher FA synthesis. HIF1, via activation of Akt, induces
SREBP-1 which stimulates expression of lipogenic enzymes
including FASN [12, 13]. Gene amplification of the Spot 14
gene described in some lipogenic breast cancer [14] is
associated with FASN overexpression. The overexpression
or activity of acetyl-CoA carboxylase via single nucleotide
polymorphisms of its gene was shown to be associated
with an increased risk of breast cancer [15]. Moreover, the
acetyl-CoA carboxylase protein is normally inhibited by its
interaction with wild-type BRCA1, but not by the mutated
inactive BRCA1, explaining an increased lipogenesis in
these familial breast cancers [16]. However, for most of the

Fig. 1 Lipogenic phenotype of cancer cells. In situ lipogenesis in
cancer cells (red) compared to normal cells (black) is characterized by
an increased in situ synthesis of long chain fatty acids (palmitoyl
CoA) due to the overexpression of three enzymes: ATP citrate lyase,
(CL), acetyl-CoA carboxylase (ACC1/2), and fatty acid synthase
(FASN). This pathway is upregulated by sex steroid hormones. The
neosynthesized fatty acids are mostly used to make membrane
phospholipids rather than to accumulate in triglycerides, the phospha-
tidic acid phosphatase (PPAP2B) expression being reduced (L. Fajas,
unpublished data). The other enzymes involved in the synthesis of
membrane and signaling phospholipids from phosphatidic acid, such
as phosphatidyl inositol synthase (PI synthase), phosphatidyl serine
synthase (PTDSS1), choline kinase, and sphingosine kinase, are also
overexpressed but will not be considered here. In addition, energy is
provided by the increased aerobic glycolysis (Warburg effect) with
higher cellular uptake of glucose via the glucose transporter 1 (Glut 1).
This results in more lactic acid and citrate production and less energy
from the tricarboxylic Krebs cycle.
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“sporadic” breast and prostate cancers, we propose that
additional major mechanisms involve a deregulation by
hormones in hormone-responsive cancers and by oncopro-
teins in hormone-resistant cancers.

Regulation of Fatty Acid Synthase by Sex Steroid
Hormones in Breast and Prostate Cancers

The first data on the dysregulation of FASN expression
have been obtained independently with progesterone in
breast cancer and with androgens in prostate cancer.

Progestins Increase FASN Expression in Breast Cancer

In progesterone receptor (PR)-positive human breast cancer
cell lines, Chalbos et al. [17, 18] reported that progestins
induced an abundant 250-kDa cytoplasmic protein which
was then identified as FASN. FASN mRNA induction by
progestins was rapid (within 20 min), transcriptional, and
not prevented by cycloheximide [19]. This suggested that
the regulation was direct on FASN gene via a progesterone
response element (PRE) described in the first intron in rat
[20] or by the recruitment of PR by Sp1 bound on Sp1 sites
of the 5′end of the FASN gene [21]. Progestins increased
also FASN mRNA stability [19]. FASN was mostly
regulated by progestins. The “pure” progestin R5020 and
medroxy progesterone acetate (MPA), which also binds to
the glucocorticoid receptor and androgen receptor (AR),
were more active than progesterone which is metabolized in
these cells [18]. Androgens were only active at micromolar
concentrations; estrogens and glucocorticoids were inac-
tive. However, in the absence of steroids, the growth factors
EGF and IGF-1 and the growth factor receptor HER-2/Neu
also increased FASN expression by stimulating the PI-3
kinase and MAP kinase pathways, leading to the cascade
induction of the transcription factor SREBP1 and of FASN
[22]. These pathways became predominant in tumor progres-
sion to hormone independency. In vivo, the same progestin
induction of FASN was observed in estrogen receptor α
(ERα) and PR-positive breast cancers. By in situ hybridiza-
tion [23] and immunohistochemistry, FASN level was found
to be maximal during the luteal phase of menstrual cycle in
normal mammary glands [24] and endometrium [25]. The
weaker effect of progesterone compared to the synthetic
progestin MPA on FASN induction is probably due to its
higher metabolism, which might also explain the lower
deleterious effect on breast cancer risk of micronized proges-
terone compared to MPA in a cohort of postmenopausal
women [26]. FASN overexpression in both ER-positive and
ER-negative invasive breast cancers was found independently
to be associated with an increased risk of recurrence and
metastasis [27, 28].

Androgens Increase Lipogenesis in Prostate Cancer

The complex mechanism by which androgens induce FASN
and acetyl-CoA carboxylase in prostate cancer has been
fully investigated by the group of Swinnen and will not be
detailed here. In this case, the upregulation appears to be
mostly indirect via the transcriptional induction of the sterol
regulatory element binding protein (SREBP) precursor
mRNA [4, 29], the maturation of its precursor protein by
a site 1 protease, and the stabilization of the FASN protein
by the isopeptidase USP2a [29, 30].

Conversely, the Activation of Two Other Members
of the NR Superfamily, the Peroxisome Proliferator-
Activated Receptor Gamma (PPARγ) and Vitamin D3
Receptor, can Decrease FASN Expression, this Effect
Being Mostly Described in Prostate Cancer Cells

Their eventual protective effect on carcinogenesis in
facilitating cancer cell differentiation involves also other
major mechanisms, not developed here since it is beyond
the scope of this review.

Several mechanisms have been proposed to explain the
decreased expression of FASN by ligands of these other
nuclear receptors [31–33]. PPARγ ligands, such as the
antidiabetic drug Troglitazone [32] or high doses of
genistein which activates preferably the estrogen receptor
β (see “Action Via Other Nuclear Receptors”), inhibit
androgen action by decreasing AR transcriptional activity
rather than AR expression level. Calcitriol by activating
vitamin D3 receptor inhibits also FASN expression [33]. This
inhibition occurred within 6 h of treatment of LNCaP cells,
but was indirect since prevented by cycloheximide treatment.
Androgens were required to observe the inhibition, suggest-
ing that calcitriol was acting as an anti-androgen.

In Vivo, We Propose that an Increased Activity of PR
in Breast Cancer and of AR in Prostate Cancer
are at Least Partly Responsible for FASN
Overexpression in the Early Steps of Carcinogenesis

In normal target tissues, FASN can be regulated by the
same steroid hormones as in cancer. This was shown both
for progestins in the human breast and endometrium [25,
26] and for androgens in rat ventral prostate [34]. However,
in hormone-dependent cancers, the degree of this hormonal
regulation appears to be more important and to bypass
the normal physiological regulation by nutriments. We
propose that this is partly due to an increased activity of the
corresponding receptors. This proposal is based on much
more data for androgens in human prostate cancer than for
progesterone in breast cancer (Fig. 2).
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AR in Prostate Cancer

Most studies have found an increased level or activity of
AR in prostate cancer cells associated to an increased
expression of AR-regulated genes, such as FASN and PSA
(reviewed in [34]). Whatever is their mechanism, the FASN
overexpression and the increased level or activity of AR
appear to be general and early events in carcinogenesis
since these are already observed in most of the in situ
carcinomas of low grade [35, 36]. The total plasma
concentration of androgens does not seem to change in
prostate cancer patients, even though free testosterone may
be augmented due to the significant reduction of sex
hormone-binding globulin [37]. Several genetic and epige-
netic mechanisms have been proposed to explain the local
increased activity of androgens. They involve germinal or
somatic AR alterations leading to protein stabilization,
activating mutations, or splicing variants [38]. A polymor-
phism due to the shortening of the CAG repeat length in the
N terminal domain of AR in Afro-Americans, increasing its
transcriptional activity, might explain the higher prostate
cancer risk of this population [39]. An altered balance
between increased expression of AR co-activators [40, 41]
and decreased expression of co-repressors can also enhance
sensitivity to androgens. Interestingly, progression to
hormone resistance in prostate cancer is generally not due
to an AR loss but to a ligand-independent increased AR
activity via different mechanisms such as gene amplification
[42], activation upon phosphorylation by MAP or PI3 kinases
[43], activating mutations [38], or epigenetic demethylation
of co-activator promoter [41].

PRs in Breast Cancer

In contrast to androgens in prostate cancer, the role of an
increased PR activity in breast carcinogenesis is more
debatable. First, breast cancers are very heterogeneous and
only the luminal type expressing PR are potentially
responsive to progestins. Secondly, while the bad prognostic
significance of an increased FASN protein level has been
shown in several studies, [27, 28], the role of progesterone
and progestins in breast cancer has been debated [44] based
on different results according to the experimental systems. In
human cancer cell lines (MCF7, T47 D) cultured on plastic,
progestins inhibit rather than stimulate cell division. This
could be due to their anti-estrogenic activity [45] and/or to
triglycerides accumulation in lipid droplets observed in
T47 D cells [46]. However, in normal human mammary
glands growing within a Matrigel matrix [47], progesterone
appears to be mitogenic, and lipid droplets generally do not
accumulate in vivo in breast or prostate cancer [36].
Actually, epidemiological studies strongly suggest that
progestins stimulate breast carcinogenesis. The different
HRTs of menopause indicate that the addition of synthetic
progestins, administered together with estrogens to prevent
endometrial cancer, increases the risk of breast cancer
compared to estrogens alone [2, 48]. Several explanations
have been proposed for the marked discrepancy between
results obtained in vitro and in patients: in vivo, a paracrine
regulation of cell growth by progestins [49] and/or the
induction of proteins crucial for cell survival such as FASN
and VEGF via angiogenesis [50], which provide nutrients to
cancer cells, can also explain the co-carcinogenic and tumor
promoter effect of progestins. These proteins may not be as
necessary in vitro than they are in vivo. It has also been
proposed that progestins might reactivate cancer stem cells
[51] or stimulate progenitor cells in normal breast [47].
Finally, the effect of progestins may be different on normal
or transformed mammary glands.

While PR level in breast cancer tissue as measured by
ligand binding assay, generally increasing after menopause,
very few studies have compared PR level in normal,
proliferating cells and in cancer situ (CIS) mammary cells.
By immunohistochemistry, in studying the early stages of
breast carcinogenesis, we detected a statistically significant
increased level of PR and FASN level in proliferating breast
lesions in comparison to adjacent normal tissues [52]
(Fig. 3). At later pre-invasive stages, FASN level continued
to increase to reach a maximum in CIS, while PR decreased.
The progesterone-induced FASN regulation observed at a
low level in normal mammary glands increased signifi-
cantly as early as non-proliferative breast lesions. It was
then bypassed in later steps of carcinogenesis by other stimuli,
possibly involving higher activity of the MAP kinase and/or
PI3Kinase/Akt pathways frequently detected in high risk

Androgens
in prostate

AR FASN up regulation

Progestins
Progesterone

in breast
PR Early co-

carcinogenesis

?

?

Fig. 2 Schematic representation of our view on the role of two sex
steroid receptors on FASN synthesis and in prostate and breast
carcinogenesis: Androgens via AR in prostate and progestins via
PR in breast are clearly involved in inducing FASN expression
(“Regulation of Fatty Acid Synthase by Sex Hormones in Breast and
Prostate Cancers”). The role of androgens and its receptor activation
as tumor promoter agents in prostate cancer is extensively docu-
mented. The role and mechanism of action of progesterone, synthetic
progestins, and their receptors in facilitating breast carcinogenesis are
more debated due also to the heterogeneity of breast cancers. We
propose that an increased activity of these two sex steroid receptors is
partly responsible for the FASN overexpression which then contrib-
utes to facilitate the early steps of carcinogenesis.
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lesions [53]. Accordingly, we found that FASN and HER2/
Neu upregulation were strongly correlated in high-grade DCIS
[52] as it is in the HER 2/Neu invasive breast cancers [54].

Other mechanisms than increased PR level can facilitate
progesterone activity, such as gene amplification of the
co-activator AIB1 [55], an unbalance in breast cancer
between the two PR isoforms A and B [56], or a decreased
level of a competitor. In this respect, the wild-type BRCA1
in in vitro transfected model competes with PR on PRE of
progestin-regulated genes [57]. The inactivation of BRCA1
by haploinsufficiency or mutations may also increase PR
activity by decreasing its inhibitory effect.

Androgens in Breast Cancer

Androgens, in the T47D human breast cancer cell line
expressing the three sex steroid receptors, can also bind PR
and upregulate FASN expression. However, FASN induc-

tion was only observed at high androgen concentrations and
was inhibited by both RU486 and flutamide, suggesting an
action via PR and AR. Androgens induce specifically via its
own receptor the synthesis of other proteins which are
inhibited by flutamide, but not by RU486 [18]. Two of
them were identified as the GCDFP 15 and the Zn alpha 2
glycoprotein (ZAG) [58], a lipid-mobilizing factor which
decreases the triglyceride reserves in the body [59].
Whether ZAG contributes to prevent triglyceride accumula-
tion in cancer cells is unknown. Interestingly, a transcriptome
study of breast tumors has identified a molecular apocrine
subtype of breast cancer within the ER-negative breast
cancers [60]. These apocrine ER-negative breast cancers
display a poor prognosis and express AR, androgen-
regulated genes, including those associated with lipogenesis
and HER2/Neu which is associated with high FASN
expression [4, 54].

Hormone-Resistant Prostate and Breast Cancers

In hormone-resistant prostate and breast cancers, increased
level and/or activity of oncogenes that in turn superactivate
MAP kinase and PI3 kinase/Akt pathways became pre-
dominant to stimulate FASN expression and lipid synthesis.
These pathways not only increase cell proliferation but
also FASN and lipid synthesis via SREBP induction [53]
and/or PR and AR phosphorylation, leading to their ligand-
independent activation [34, 43]. These mechanisms are
preponderant during tumor progression toward hormone
resistance, mostly in breast cancer; however, they have also
been reported in earlier stages. They are also directly
observed in the hormone-resistant HER2/Neu and triple-
negative clusters of breast cancers. In these cases, growth
factor activation of MAP kinase and PI3 kinase signaling
pathways appears to take over from the sex steroid
signaling pathway.

Consequences of the Lipogenic Phenotype of Cancer
Cells and Clinical Potential of its Inhibition

Increased In Situ Lipogenesis Gives a Selective Advantage
to Cancer Cells to Establish a Colony and to Grow
in a Poorly Vascularized Tumor

FASN is required for normal embryonic development as
shown by gene invalidation in mice [61]. In hormone-
dependent cancers, the role of sex steroids in stimulating
DNA replication and cell division has been extensively
studied. However, cells cannot multiply in the absence of
fatty acids which are generally provided by the circulation in
normal but not in most cancer cells. In most solid tumors,
angiogenesis and lymphangiogenesis are not adequate to
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Fig. 3 FASN (a) and progesterone receptor (PR) (b) expression in
mammary lesions with increasing breast cancer risk compared to the
adjacent “normal” glands. Expression levels of FASN and PR proteins
were estimated by immunohistochemistry and a computer-aided image
analyzer. They are represented in Box plot graphs; each box contains
the interquartile range values, the central line indicating the median
value, the vertical lines representing the nonparametric 95% confi-
dence interval, excluding outliers (circles). The statistical significance
of the differences is indicated in the figure. NS not significant, when p>
0.05 according to the nonparametric Kruskal–Wallis test. The number of
each pooled structures is presented in brackets. NPBBD non-
proliferative benign breast disease, PBBD proliferative BBD, DCIS
ductal breast carcinoma in situ, LCIS lobular carcinoma in situ. FASN
expression increased progressively in lesions with increased breast
cancer risk, but was already significant in NPBBD. PR expression
increased in early lesions, was maximal in PBBD with atypia, but was
low in high-grade DCIS which may not be the precursor of PR-positive
luminal breast cancers. Reproduced from [52].
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bring nutrients and oxygen to the tumor [62]. This condition
occurs both during the early stages of carcinogenesis, when
the proliferating small-volume tumors, CIS, or small metas-
tases are not yet vascularised, and in larger tumors which are
vascularised only at the periphery [6, 62]. Therefore,
endogenous FASN expression is needed not only for the
survival and growth of these tumors to build new mem-
branes required for the continuously proliferating cancer
cells but also to produce signaling lipids. For instance, FASN
overexpression is associated with palmitoylation of WNT1
and cytoplasmic stabilization of β-catenin in prostate cancer
[63]. FASN expression then progressively increases during
cancer progression to reach its higher level in hormone-
independent cancers [53, 64].

New Therapeutic Approaches of Cancer by FASN
Inhibitors

Since normal cells do not require FASN activity, FASN
inhibitors should be less or not toxic in normal cells and
specifically active in cancer cells in which FASN is
upregulated.

Several studies have reported a decreased proliferation
and increased apoptosis of cancer cells upon inhibition of
FASN activity or production both in vitro and in vivo in
human mammary tumor xenografts in nude mice [65, 66].
The effect of FASN chemical inhibitors is mediated, at least
in part, by the intermediate metabolite malonyl CoA whose
accumulation increases apoptosis in cancer cells. However,
it is also due to the decrease of FA synthesis since the
effects of FASN inhibitors (cerulenin, C75) and FASN
siRNA are suppressed by palmitic acid addition. Recently,
less toxic drugs were developed such as synthetic poly-
phenols which induce cancer cell apoptosis by inhibiting
FASN activity [67]. This approach, eventually associated to
other nontoxic inhibitors, such as proteasome inhibitors
[68] or angiogenesis inhibitors, appears to be promising.

Sex Steroid Antagonists Also Inhibit In Situ Lipogenesis
in Hormone-Dependent Cancers

These antagonists are widely used in the therapy of human
hormone-dependent cancers. They inhibit the mitogenic
activity of sex steroid hormones and some of them might
also block in situ lipogenesis, at least during the early
steps of tumor progression. Moreover, as the early steps of
carcinogenesis are characterized by increased activity of
AR in prostate and of PR in breast, anti-androgens and anti-
progestins are also being considered for the prevention of
these cancers in high-risk patients. Studies in mice suggest
that progestin inhibitors may be used for breast cancer
prevention in subjects carrying BRCA1 mutations, but this
hypothesis is not yet validated in the clinic [69].

Action Via Other Nuclear Receptors

PPAR γ activators [32, 70, 71] and vitamin D3 receptor
[33] are other therapeutic and preventive targets of prostate
cancer whose activation by their ligands prevents in situ
FASN synthesis, most likely by inhibiting androgen action
(see third part of “Regulation of Fatty Acid Synthase by
Sex Hormones in Breast and Prostate Cancers”).

Moreover, several natural polyphenols and flavonoids,
found in green tea, fruits, and soy (genistein) are also
proposed for the prevention of hormone-dependent cancers
because of their good tolerance. Among other mechanisms,
they also interfere on FASN synthesis either directly [72] or
via their anti-androgenic action [73]. Their FASN inhibitory
effect can be mediated by their downregulation of SREBP1
[74] or by binding to PPARγ as described with high doses
of genistein, which may explain the protective effect of
these doses on hormone-dependent cancers [75].

Conclusions

Sex steroid hormones play a major role as tumor promoters
in both breast and prostate cancers to stimulate DNA
replication. Androgens and progesterone are also involved
in the development of the lipogenic phenotype of cancer
cells via the induction of proteins and enzymes such as
FASN required for their autonomous nutrition. The role of
FASN induction by sex steroids in facilitating cell nutrition
and membrane synthesis required for continuously dividing
cancer cells may therefore be as important in vivo as the
stimulation of cell cycle, mostly due to estrogens in breast
and androgens in prostate. While increased lipogenesis is
widely observed in most solid tumors, the effect of sex
steroid receptors on FA synthesis pathways is obviously
limited to hormone-dependent cancers. We propose that an
increased activity of the steroid receptors (AR and PR) is
partly responsible for the in situ overexpression of the key
enzymes involved in FA synthesis, at least in the early and
hormone-dependent stages of tumorigenesis. This hyper-
sensitivity to androgens and progesterone (but also to the
mitogenic estrogens via other mechanisms) would then
facilitate tumor growth (Fig. 2). In addition to a decreased
activation of nuclear receptors (vitamin D3, PPARγ)
involved in the downregulation of FA synthesis, several
pieces of evidence indicate that upregulation of AR and PR
level and/or activity is involved in the stimulation of FASN
expression. Increased FA synthesis is another example of
cancer cell addiction [76]. In sporadic cancers, this
addiction may be due to gene mutation but also to acquired
epigenetic alterations [77]. While most of the current
biological therapies are targeted at mitogenic receptors,
we believe that there is a potential to inhibit in situ lipid
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synthesis in order to starve specifically cancer cells by
blocking their source of lipids.

Acknowledgments This research was supported by INSERM and
University of Montpellier 1. We thank Luis Fajas for his advice in the
metabolism of cancer cells and Jean-Yves Cance for the skillful
preparation of the figures.

Conflict of interest We declare no conflict of interest.

References

1. Mangelsdorf DJ, Thummel C, Beato M et al (1995) The nuclear
receptor superfamily: the second decade. Cell 83:835–839

2. Writing Group for the Women’s Health Initiative Investigators
(2002) Risks and benefits of estrogen plus progestin in healthy
postmenopausal women. JAMA 288:321–333

3. Swinnen JV, Brusselmans K, Verhoeven G (2006) Increased
lipogenesis in cancer cells: new players, novel targets. Current
Opin Clin Nutr Metab Care 9:358–365

4. Menendez JA, Lupu R (2007) Fatty acid synthase and the
lipogenic phenotype in cancer pathogenesis. Nat Rev Cancer
7:763–777

5. DeBerardinis RJ, Sayed N, Ditsworth D, Thompson CB (2008)
Brick by brick: metabolism and tumor cell growth. Current
Opinion in Genetics and Development 18:54–61

6. Gatenby RA, Gillies RJ (2004) Why do cancers have high aerobic
glycolysis. Nature Reviews Cancer 4:891–899

7. Wakil S (1989) Fatty acid synthase, a proficient multifunctional
enzyme. Biochemistry 28:4523–4530

8. Weiss L, Hoffmann GE, Schreiber R et al (1986) Fatty-acid
biosynthesis in man, a pathway of minor importance. Biol Chem
Hoppe-Seyler 367:905–912

9. Anderson SM, Rudolph MC, Mc Manaman JL et al (2007) Key
stages in mammary gland development. Secretory activation in the
mammary gland: it’s not just about milk protein synthesis! Breast
Cancer Res 9:204–210

10. Menendez JA, Ropero S, Mehmi I, Atlas E, Colomer R, Lupu R
(2004) Overexpression and hyperactivity of breast cancer associ-
ated fatty acid synthase (oncogenic antigen-519) is insensitive to
normal arachidonic fatty acid-induced suppression in lipogenic
tissues. Int J Oncol 24:1369–83

11. Little JL, Kridel SJ (2008) Fatty acid synthase activity in tumor
cells. Subcell Biochem 49:169–94 (review)

12. Denko NC (2008) Hypoxia, HIF1 and glucose metabolism in the
solid tumour. Nature Review Cancer 8:705–713

13. Furuta E, Pai SK, Zhan R et al (2008) Fatty acid is up-regulated
by hypoxia via activation of Akt and sterol regulatory element
binding protein-1. Cancer Research 68:1003–1111

14. Moncur JT, Park JP, Memoli VA, Mohandas TK, Kinlaw WB
(1998) The “Spot 14” gene resides on the telomeric end of the
11q13 amplicon and is expressed in lipogenic breast cancers:
implications for control of tumor metabolism. Proc Natl Acad Sci
USA 95:6989–6994

15. Sinilnikova OM, Ginolhac SM, Magnard C et al (2004) Acetyl-
CoA carboxylase alpha gene and breast cancer susceptibility.
Carcinogenesis 25:2417–2424

16. Moreau K, Dizin E, Ray H, Luquain C, Lefai E et al (2006)
BRCA1 affects lipid synthesis through its interaction with acetyl-
CoA carboxylase. J Biol Chem 281:3172–3181

17. Chalbos D, Chambon M, Ailhaud G et al (1987) Fatty acid
synthetase and its mRNA are induced by progestins in breast
cancer cells. J Biol Chem 262:9923–9926

18. Rochefort H, Chalbos D (1984) Progestin specific markers in
human cell lines: biological and pharmacological applications.
Mol Cell Endocrinol 36:3–10

19. Joyeux C, Rochefort H, Chalbos D (1989) Progestin increases
gene transcription and messenger ribonucleic acid stability of fatty
acid synthetase in breast cancer cells. Mol Endocrinol 4:681–686

20. Amy CM, Williams-Ahlf B, Naggert J, Smith S (1990) Molecular
cloning of the mammalian fatty acid synthase gene and identifi-
cation of the promoter region. Biochem J 271:675–679

21. Rolland V, Liepvre XL, Jump DB, Lavau M, Dugail IA (1996)
GC-rich region containing Sp1 and Sp1-like binding sites is a
crucial regulatory motif for fatty acid synthase gene promoter
activity in adipocytes. Implication in the overactivity of FAS
promoter in obese Zucker rats. J Biol Chem 271:21297–212302

22. Yang YA, Morin PJ, Han WF et al (2002) Regulation of fatty acid
synthase expression in breast cancer by sterol regulatory element
binding protein-1c. Exp Cell Res 282:132–137

23. Chalbos D, Escot C, Joyeux C et al (1990) Expression of the
progestin-induced fatty acid synthetase in benign mastopathies
and breast cancer as measured by RNA in situ hybridisation. J
Natl Cancer Inst 82:602–606

24. Joyeux C, Chalbos D, Rochefort H (1990) Effects of progestins and
menstrual cycle on fatty acid synthetase and progesterone receptor in
human mammary glands. J Clin Endocrinol Metab 70:1438–1444

25. Escot C, Joyeux C, Mathieu M, Maudelonde T, Pages A,
Rochefort H, Chalbos D (1990) Regulation of fatty acid
synthetase ribonucleic acid in the human endometrium during
the menstrual cycle. J Clin Endocrinol Metab 70:1319–1324

26. Fournier A, Berrino F, Riboli E, Avenel V, Clavel-Chapelon F
(2005) Breast cancer risk in relation to different types of hormone
replacement therapy in the E3N-EPIC cohort. Int J Cancer
114:448–454

27. Alo PL, Visca P, Marci A et al (1996) Expression of fatty acid
synthase (FAS) as a predictor of recurrence in stage I breast
carcinoma patients. Cancer 77:474–482

28. Kuhajda FP, Piantadosi S, Pasternack GR (1989) Haptoglobin-
related protein (Hpr) epitopes in breast cancer as a predictor of
recurrence of the disease. N Engl J Med 321:636–641

29. Heemers HV, Verhoeven G, Swinnen JV (2006) Androgen
activation of the sterol regulatory element-binding protein
pathway: current insights. Mol Endocrinol 20:2265–2277

30. Edgard G, Tang D, Rossi S et al (2004) The isopeptidase USP2a
regulates the stability of fatty acid synthase in prostate cancer.
Cancer Cell 5:253–261

31. Fajas L, Debril MB, Auwerx J (2001) Peroxisome proliferator-
activated receptor-gamma: from adipogenesis to carcinogenesis. J
Mol Endocrinol 27:1–9

32. Hisatake JI, Ikezoe T, Carey M et al (2000) Down-regulation of
prostate-specific antigen expression by ligands for peroxisome
proliferator-activated receptor gamma in human prostate cancer.
Cancer Res 60:5494–5498

33. Qiao S, Pennanen P, Nazarova N, Lou YR, Tuohimaa P (2003)
Inhibition of fatty acid synthase expression by 1alpha, 25-
dihydroxyvitamin D3 in prostate cancer cells. J Steroid Biochem
Mol Biol 85:1–8

34. Buchanan G, Irvine RA, Coetzee GA, Tilley WD (2001)
Contribution of the androgen receptor to prostate cancer predis-
position and progression. Cancer Metastasis Rev 20:207–223

35. Swinnen JV, Roskams T, Joniau S, Van Poppel H, Oyen R, Baert
L, Heyns W, Verhoeven G (2002) Overexpression of fatty acid
synthase is an early and common event in the development of
prostate cancer. Int J Cancer 98(1):19–22

36. Leav I, McNeal JE, Kwan PW, Komminoth P, Merk FB (1996)
Androgen receptor expression in prostatic dysplasia (prostatic
intraepithelial neoplasia) in the human prostate: an immunohisto-
chemical and in situ hybridization study. Prostate 29:137–145

HORM CANC (2010) 1:63–70 69



37. Endogenous Sex Hormones and Prostate Cancer Collaborative
Group (2008) A collaborative analysis of 18 prospective studies. J
Natl Cancer Inst 100:170–183

38. Gottlieb B et al (2004) The androgen receptor gene mutations
database (ARDB). Hum Mutat 23:527–533

39. Lange EM et al (2008) The androgen receptor CAG and GGN
repeat polymorphisms and prostate cancer susceptibility in
African-American men: results from the Flint Men’s Health Study.
J Hum Genet 53:220–226

40. Heemers HV, Tindall DJ (2007) Androgen receptor (AR)
coregulators: a diversity of functions converging on and regulat-
ing the AR transcriptional complex. Endocr Rev 28:778–808

41. Karpf AR, Bai S, James SR, Mohler JL, Wilson EM (2009)
Increased expression of androgen receptor coregulator; MAGE-11
in prostate cancer by DNA hypomethylation and cyclic AMP. Mol
Cancer Res 7:523–535

42. Edwards J, Krishna NS, Grigor KM, Bartlett JMS (2003)
Androgen receptor gene amplification and protein expression in
hormone refractory prostate cancer. Br J Cancer 89:552–556

43. Grossmann ME, Huang H, Tindall DJ (2001) Androgen receptor
signaling in androgen-refractory prostate cancer. J Natl Cancer
Inst 93(22):1687–97

44. Rochefort H, Sahla M, Chalbos D (2005) Progestins-induced
genes and breast cancer risk: good or bad? In: Li JJ (ed) Hormonal
carcinogenesis, vol 4. Springer, New York, pp 65–76

45. Vignon F, Bardon S, Chalbos D, Rochefort H (1983) Antiestro-
genic effect of R5020, a synthetic progestin in human breast
cancer cells in culture. J Clin Endocrin Metab 56:1124–1130

46. Chambon M, Rochefort H, Vial HJ et al (1989) Progestins and
androgens stimulate lipid accumulation in T47D breast cancer
cells via their own receptors. J Steroid Biochem 33:915–922

47. Graham JD, Mote PA, Salagame U, van Dijk JH et al (2009) DNA
replication licensing and progenitor numbers are increased by
progesterone in normal human breast. Endocrinology 50:3318–
3326

48. Beral V, the MWS group (2003) Breast cancer and hormone-
replacement therapy in the Million Women Study. Lancet
362:419–427

49. Brisken C, Park S, Vass T, Lydon JP, O'Malley BW, Weinberg RA
(1998) A paracrine role for the epithelial progesterone receptor in
mammary gland development. Proc Natl Acad Sci U S A
95:5076–5081

50. Hyder SM, Chiappetta C, Stancel GM (2001) Pharmacological
and endogenous progestins induce vascular endothelial growth
factor expression in human breast cancer cells. Int J Cancer
92:469–473

51. Horwitz KB, Sartorius CA (2008) Progestins in hormone
replacement therapies reactivate cancer stem cells in women with
preexisting breast cancers: a hypothesis. J Clin Endocrinol Metab
93:3295–3298

52. Esslimani-Sahla M, Thezenas S, Simony-Lafontaine J, Kramar A,
Lavaill R, Chalbos D, Rochefort H (2007) Increased expression of
fatty acid synthase and progesterone receptor in early steps of
human mammary carcinogenesis. Int J Cancer 120(2):224–229

53. Yang YA, Han WF, Morin PJ, Chrest FJ, Pizer ES (2002)
Activation of fatty acid synthesis during neoplastic transformation:
role of mitogen-activated protein kinase and phosphatidylinositol
3-kinase. Exp Cell Res 279:80–90

54. Kumar-Sinha C, Ignatoski KW, Lippman ME, Ethier SP,
Chinnaiyan AM (2003) Transcriptome analysis of HER2 reveals
a molecular connection to fatty acid synthesis. Cancer Res 63
(1):132–139

55. Anzick S et al (1997) AIB1, a steroid receptor coactivator
amplified in breast and ovarian cancer. Science 277:965–968

56. Graham JD, Yager ML, Hill HD, Byth K, O'Neill GM, Clarke CL
(2005) Altered progesterone receptor isoform expression remodels

progestin responsiveness of breast cancer cells. Mol Endocrinol
19:2713–2735

57. Katiyar P, Ma Y, Riegel A, Fan S, Rosen EM (2009) Mechanism
of BRCA1-mediated inhibition of progesterone receptor transcrip-
tional activity. Mol Endocrinol 23:1135–1146

58. Chalbos D, Haagensen D, Parish T et al (1987) Identification and
androgen regulation of two proteins released by the T47D human
breast cancer cells. Cancer Res 47:2782–2792

59. Bao Y, Hunter L, Jenkins JR et al (2005) Zn_alpha2-glycoprotein,
a lipid mobilizing factor is expressed and secreted by human
(SGBS) adipocytes. FEBS Lett 579:41–47

60. Farmer P, Bonnefoi H, Becette V et al (2005) Identification of
molecular apocrine breast tumours by microarray analysis.
Oncogene 24:4660–4671

61. Chirala SS, Chang H, Matzuk M et al (2003) Fatty acid synthesis
is essential in embryonic development: fatty acid synthase null
mutants and most of the heterozygotes die in utero. Proc Natl
Acad Sci USA 100:6358–6363

62. Carmeliet P, Jain RK (2000) Angiogenesis in cancer and other
diseases. Nature 407:249–257

63. Fiorentino M, Zadra G, Palescandolo M et al (2008) Over-
expression of fatty acid synthase is associated with palmitoylation
of Wnt1 and cytoplasmic stabilization of beta-catenin in prostate
cancer. Lab Invest 88:1340–1348

64. Rossi S, Graner E, Febbo P, Weinstein L et al (2003) Fatty acid
synthase expression defines distinct molecular signatures in
prostate cancer. Mol Cancer Res 1:707–715

65. Kuhajda FP, Jenner K, Wood FD et al (1994) Fatty acid synthase:
a potential selective target for antineoplastic therapy. Proc Natl
Acad Sci USA 91:6379–6383

66. Baron A, Migita T, Tang D et al (2004) Fatty acid synthase: a
metabolic oncogene in prostate cancer? J Cell Biochem 91:47–53

67. Puig T, Turrado C, Benhamú B, Aguilar H et al (2009) Novel
inhibitors of fatty acid synthase with anticancer activity. Clin
Cancer Res 15:7608–7615

68. Little JL, Wheeler FB, Koumenis C, Kridel SJ (2008) Disruption
of crosstalk between the fatty acid synthesis and proteasome
pathways enhances unfolded protein response signaling and cell
death. Mol Cancer Ther 7:3816–3824

69. Poole AJ, Li Y, Kim Y, Lin SC, Lee WH, Lee EY (2006)
Prevention of BrCa1-mediated mammary tumorigenesis in mice
by a progesterone antagonist. Science 314:1467–1470

70. Smith MR, Manola J, Kaufman DS et al (2004) Rosiglitazone
versus placebo for men with prostate carcinoma and a rising
serum prostate-specific antigen level after radical prostatectomy
and/or radiation therapy. Cancer 101:1569–1574

71. Annicotte JS, Iankova I, Miard S et al (2006) Peroxisome
proliferator-activated receptor gamma regulates E-cadherin expres-
sion and inhibits growth and invasion of prostate cancer. Mol Cell
Biol 26:7561–7574

72. Tian WX (2006) Inhibition of fatty acid synthase by polyphenols.
Curr Med Chem 13(8):967–77 (review)

73. Khan N, Asim M, Afaq F, Abu Zaid M, Mukhtar H (2008) A novel
dietary flavonoid fisetin inhibits androgen receptor signaling and
tumor growth in athymic nude mice. Cancer Res 68:8555–8563

74. Shin ES, Lee HH, Cho SY et al (2007) Genistein down regulates
SREBP-1 regulated gene expression by inhibiting site-1 protease
expression in HepG2 cells. J Nutr 137:1127–1131

75. Dang C-C, Audinot V, Papapoulos SE, Boutin JA, Löwik CWGM
(2003) Peroxisome proliferator-activated receptor γ (PPARγ) as a
molecular target for the soy phytoestrogen genistein. J Biol Chem
278:962–967

76. Weinstein IB, Joe A (2008) Oncogene addiction. Cancer Res
68:3077–3080

77. Solimini NL, Luo J, Elledge SJ (2007) Non-oncogene addiction
and the stress phenotype of cancer cells. Cell 130:986–988

70 HORM CANC (2010) 1:63–70


	The Role of Sex Steroid Receptors on Lipogenesis in Breast and Prostate Carcinogenesis: A Viewpoint
	Abstract
	Introduction
	Increased In Situ Lipogenesis in Cancer Cells Compared to Normal Cells
	Regulation of Fatty Acid Synthase by Sex Steroid Hormones in Breast and Prostate Cancers
	Progestins Increase FASN Expression in Breast Cancer
	Androgens Increase Lipogenesis in Prostate Cancer
	Conversely, the Activation of Two Other Members of the NR Superfamily, the Peroxisome Proliferator-Activated Receptor Gamma (PPARγ) and Vitamin D3 Receptor, can Decrease FASN Expression, this Effect Being Mostly Described in Prostate Cancer Cells

	In Vivo, We Propose that an Increased Activity of PR in Breast Cancer and of AR in Prostate Cancer are at Least Partly Responsible for FASN Overexpression in the Early Steps of Carcinogenesis
	AR in Prostate Cancer
	PRs in Breast Cancer
	Androgens in Breast Cancer
	Hormone-Resistant Prostate and Breast Cancers

	Consequences of the Lipogenic Phenotype of Cancer Cells and Clinical Potential of its Inhibition
	Increased In Situ Lipogenesis Gives a Selective Advantage to Cancer Cells to Establish a Colony and to Grow in a Poorly Vascularized Tumor
	New Therapeutic Approaches of Cancer by FASN Inhibitors
	Sex Steroid Antagonists Also Inhibit In Situ Lipogenesis in Hormone-Dependent Cancers
	Action Via Other Nuclear Receptors

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


