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ABSTRACT

Defects in lipid metabolism have been found to be
linked to several diseases, among which atheroscle-
rosis, hypertension, obesity, and diabetes are the most
important. Although cancer is chiefly a genetic dis-
ease, dietary lipid intake and metabolism are related
to some cancer risks, including the risk for ovarian
cancer. Higher intake of dietary lipids, systemic
lipid metabolism malfunction, and abnormal serum
lipid levels are somehow related to ovarian cancer.
Overexpression of some lipid metabolic enzymes are
also found in ovarian cancer. In this review article,
we summarize the relationships between lipid intake,
lipid metabolism, and ovarian cancer.
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1. INTRODUCTION

Lipids are the major macromolecules essential for
various biologic functions, including energy produc-
tion, signalling, and cell growth and division. Defects
in lipid metabolism are associated with several dis-
eases, among which atherosclerosis, hypertension,
obesity, diabetes, and cancer are the most important !.
Among the factors that contribute to the appearance of
cancer, diet has a fundamental role, and lipids are the
main components that have been related to increases
in the incidence of cancerous diseases, particularly
breast, colorectal, ovarian, and prostate cancers 2.
Data from animal studies have shown that some lipids
have different effects on cancer risk than do others;
for example, the omega-6 family of unsaturated fatty
acids enhances tumour growth, whereas the omega-3
family delays or reduces tumour development 3.
Cholesterol in tissue and blood has consistently
been found to have a prime role in the pathogenesis
of coronary artery disease, but an association of
cholesterol with cancers such as colorectal and breast
cancer and leukemia has also been reported +°. The

cholesterol content of cell membranes is tightly
regulated, and this process of regulation involves the
uptake of cholesterol-rich low-density lipoprotein
(Lpr). However, interestingly, cholesterol accumu-
lation has been reported in various solid tumours,
especially oral and prostate cancers ®’. In addition,
cholesterol metabolism is dysregulated in many ma-
lignancies, including myeloid leukemia and lung and
breast cancers 70, Although a high level of serum
triglycerides (TGs) does not appear to be mechanically
involved in the development of most cancers, reduc-
tion of serum TGs and intensive surveillance with
total colonoscopy in colon cancer may have benefit
in men with hypertriglyceridemia !'. An association
between high serum 1Gs and colon cancer has also
been reported by McKeown—Eyssen 2.

Among the lipids, the phospholipids are probably
the ones most frequently and significantly reported to
be associated with cancer. Since the year 2000, eleva-
tions in phosphocholine and total choline-containing
compounds have been observed in almost every type
of cancer studied with nuclear magnetic resonance
spectroscopy 3713, Fatty acid synthase (Fas), a key
enzyme in the synthesis of long-chain fatty acids,
has been found to be overexpressed in breast and
prostate cancers relative to its expression in adjacent
normal tissue '°. That finding supported the role of
FAS as a prostate cancer oncogene in the presence of
androgen receptor and the oncogenic effect exerted by
FAs in inhibiting the intrinsic pathway of apoptosis 7.
Recently, Nomura et al. '® showed that the enzyme
monoacylglycerol lipase (MAGL) is highly expressed in
aggressive human cancer cells and primary tumours,
in which it regulates a fatty acid network enriched in
oncogenic signalling lipids that promote migration,
invasion, survival, and in vivo tumour growth. Over-
expression of MAGL in nonaggressive cancer cells
reconstitutes this fatty acid network and increases
cell phenotypes of pathogenicity that are reversed
by a MAGL inhibitor.

Ovarian cancer is a neoplastic growth arising
from various parts of the ovary, mainly the outer lin-
ing and the Fallopian tube. Ovarian cancer is the fifth
leading cause of death from cancer in women and the
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leading cause of gynecologic cancer death '°. Dietary
lipids, malfunctions of systemic lipid metabolism, and
abnormal serum lipid profiles are all associated with
ovarian cancer in multiple ways.

2. DIETARY LIPIDS AND THEIR METABOLISM
IN OVARIAN CANCER

Several case—control and cohort studies have found
positive associations between ovarian cancer and an
intake of foods with high levels of saturated fats or
cholesterol, such as red meat, eggs, and dairy prod-
ucts 20722, Pan et al. 23 reported that ovarian cancer
risk is positively associated with higher consumption
of dietary cholesterol and eggs, and inversely associ-
ated with a higher intake of vegetables overall and
of cruciferous vegetables and with supplementation
of vitamin E, beta-carotene, and vitamin B complex.
High consumption of fats may increase circulating
estrogen levels, thus increasing the possibility of
cell damage and proliferation that is responsible for
cancerous growth 24, Risch et al. '° suggested that
dietary cholesterol may influence the risk of ovar-
ian cancer through elevated circulating estrogen or
progesterone. The repeated rupture of the follicle
associated with ovulation is believed to expose the
ovarian epithelium to hormones in the surrounding
fluid; high estrogen concentrations may increase the
likelihood of tumour development ?®. However, Ber-
tone et al. ?* found that the association of fat-rich food
intake and ovarian cancer risk was not significant,
although an increase in risk with frequent intake of
eggs was observed. A weakly positive, but nonlinear
association was observed for saturated fat intake
and ovarian cancer risk in an Italian case—control
study 2° in which intake of monounsaturated and
polyunsaturated fatty acids was inversely correlated
with ovarian cancer.

Numerous investigations have demonstrated
altered systemic lipid metabolism in cancer patients
and aberrant lipid utilization by tumour cells. The
most common measure of altered systemic lipid
metabolism in these individuals is hyperlipidemia.
In a study by Taylor et al. 27 of peritoneal fluid from
ovarian cancer patients and control subjects, isolation
and analysis of lipids revealed four consistently al-
tered lipid parameters in the cancer patients: elevated
monoglycerides, diglycerides, and free fatty acids,
and decreased triacylglycerides. Memon et al. 8 found
an inverse relationship between total serum choles-
terol and increased incidence of ovarian tumours
in pre- and postmenopausal Pakistani women. In
another study 2°, oxidized LpL in serum was found to
be higher in breast and ovarian cancer patients than
in control subjects, but total cholesterol and high-
density lipoprotein showed no such association. One
nested case—control study in the United States found
that women with a higher serum cholesterol level
had an increased risk of ovarian cancer as compared

with women who had a lower cholesterol level 3°. A
study by Pirozzo et al. 3! reported that cholesterol from
eggs was associated with an increased risk of ovarian
cancer, but that cholesterol from other sources was
not. Those authors suggested that the association was
not with the cholesterol in the eggs, speculating that
it could be with the highly lipophilic organochlorine
residues. However, an involvement of LDL with cancer
was also supported by a recent study in which phy-
tosterol and stanol consumption reduced blood levels
of LpL cholesterol and lowered not only cancer risk
but also cardiovascular disease risk 2.

A clear correlation between TG metabolism and
ovarian cancer has not yet been reported. Li ef al. 33
reported elevated TG levels (32%) in ovarian cancer
patients, but previously, Ostroumova et al. >* reported
lower TG levels.

3. LIPID METABOLISM IN OVARIAN CANCER

Various lipid metabolic pathways, especially those
involving fatty acid biosynthesis, and phospholipids
and their enzyme systems, have been found to be
involved in ovarian cancer.

3.1 Fatty Acid Synthase

High levels of ras expression have been found in
ovarian cancer patients 3. In hormone-dependent en-
dometrial cells, FAs expression is part of the estrogen-
driven cellular response that leads to proliferation °.
Also, together with neoplastic stage, Fas is regarded
as a reliable predictor of recurrence and disease-free
survival in common epithelial ovarian tumours 3.

Increased ras activity plays an active role in
cancer evolution by regulating oncogenic proteins
closely related to malignant transformation. Fatty acid
synthase—dependent signalling regulates the expres-
sion, activity, and cellular localization of the human
epidermal growth factor receptor 2 [HER2 (cErbB-2)]
oncogene in ovarian cancer cells 33. It was suggested
that HER2 plays a role as a cellular energy sensor in
the response of tumour cells to a non-genotoxic meta-
bolic stress (such as a perturbation of Fas-dependent
endogenous fatty acid biosynthesis), thus offering a
rationale for the therapeutic targeting of FAs in HER2-
overexpressing carcinomas 33,

Selective Fas inhibition activates adenosine
monophosphate—activated protein kinase (AMPK) in
ovarian cancer cells, inducing cytotoxicity while spar-
ing most normal human tissues from the pleiotropic
effects of Ampk activation 3°. Thus, Fas has become a
target for anticancer therapy.

Xenograft studies suggest that rFas inhibition is
not substantially toxic to normal tissues. Using a
novel small-molecule Fas inhibitor, Fas 31, in prelimi-
nary toxicity studies, Meskini et al. 4° reported that
no observable toxicity to normal tissues occurred in
rat or mouse.
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3.2 Phospholipids

Alterations of choline phospholipid metabolism have
been reported in ovarian cancer #!, a finding that also
supported the involvement of FAs in ovarian cancer.
Because the drop in the level of phosphatidylcholine
(59%) was significantly correlated with a drop in de
novo synthesized fatty acid levels, phosphatidylcho-
line was identified as a potential noninvasive magnetic
resonance spectroscopy—detectable biomarker of Fas
inhibition in vivo 4. Phospholipids have been found
to be involved in ovarian cancer in several forms,
including lysophosphatidic acid (Lra), phospholipase
A2 (pLA2), phospholipase D (rLD), and autotoxin
(aTXx), among others.

3.2.1 Lysophosphatidic Acid

The Lpras, with their various fatty acid side chains,
are the constituents of a growth-stimulating factor
ovarian cancer activating factor—that has been iden-
tified from ascites in patients with ovarian cancer %3.
As a bioactive compound, Lra induces cell prolifera-
tion or differentiation, prevents apoptosis induced
by stress or stimuli, induces platelet aggregation
and smooth muscle contraction, and stimulates cell
morphology changes, cell adhesion, and cell migra-
tion. It thus is involved in a broad range of biologic
processes in a variety of cellular systems 44*>. As an
established mitogen, LrA also promotes the invasive-
ness of hepatoma cells into monolayers of mesothelial
cells, and it stimulates proliferation of ovarian and
breast cancer cell lines even in the absence of other
growth promoters such as serum. Furthermore, LpPA
stimulates rapid neurite retraction and rounding
of the cell body in serum-deprived neuroblastoma
cells 4%, and it plays a critical role in regulation of
gene expression in normal and neoplastic cells. Itis a
potent modulator of the expression of genes involved
in inflammation, angiogenesis, and carcinogenesis
such as interleukin 6 #7, interleukin 8 #748, vascu-
lar endothelial growth factor (VEGF) #°, urokinase
plasminogen activator °°, and cyclooxygenase-2 3!,
among others. Thus LpA may contribute to cancer
progression by triggering expression of those target
genes, resulting in a more invasive and metastatic
microenvironment for tumour cells 47->2. A signifi-
cant increase in the expression of LpA receptors (LPA,
and LpA ;) with VEGF was found by Fujita et al. 33, who
suggested that Lpa receptors might be involved in
VEGF expression mediated by LpPA signals in human
ovarian oncogenesis. The recent identification of
the metabolizing enzymes that mediate the degra-
dation and production of Lra and the development
of receptor selective-analogs has opened a potential
new approach to the treatment of ovarian cancer >*.
Lysophosphatidic acid also stimulated VEGF expres-
sion independent of hypoxia-inducible factor 1,
promoting tumour angiogenesis by activation of the

c-Myc and Sp-1 transcription factors .

3.2.2  Phospholipase A2

The pLA2 enzyme has been implicated in the activa-
tion of cell migration and the production of LpPA in
ovarian carcinoma cells >°. Autonomous replication
and growth-factor-stimulated proliferation of ovar-
ian cancer cells are highly sensitive to inhibition of
calcium-independent pLA2 (iPLA2), but are refractory
to inhibition of cytosolic PLA2 ¢, Activation of iPLA2
plays a critical role in cell migration, which is in-
volved in many important biologic processes such as
development, the immunologic and inflammatory re-
sponses, and tumour biology *°. When ovarian cancer
cells were grown under growth-factor-independent
conditions, suppression of irLA2 activity led to an
accumulation of cell populations in both the S and
the G2/M-phases>’. Supplementation with exogenous
growth factors such as rLpa and epidermal growth
factor in culture released the S-phase arrest, but did
not affect the G2/M arrest associated with inhibition
of irLA2. In addition to the prominent effect on the
cell cycle, inhibition of ipLA2 also induced weak-to-
modest increases in apoptosis 7. Downregulation
of irLA2p with lentivirus-mediated rRNA interference
targeting iPLA2[3 expression inhibited cell proliferation
in culture and decreased tumorigenicity of ovarian
cancer cell lines in athymic nude mice >’.

3.2.3  Phospholipase D

In ovarian cancer cells, PLD is involved in the for-
mation of phosphatidic acid (ra), which is a source
of Lra >%. It was suggested that pLD is also involved
in cancer progression and metastasis: elevated pLD
expression has been reported in various cancer
tissues °8. Moreover, PLD was found to stimulate
cell protrusions in v-Src—transformed cells *°. Fur-
thermore, PLD activity was elevated by the integrin
receptor signalling pathway in OVCAR-3 cells, and
pLD block was found to inhibit integrin-mediated Rac
translocation in, and the spreading and migration
of, OVCAR-3 cells °°. Thus, the pLD-PA-Rac pathway
plays an important role in the metastasis of cancer
cells, and it might provide a means for integrin and
rLD-mediated cancer metastasis 0.

3.2.4  Autotaxin

The arx protein is a member of the ectonucleotide
pyrophosphatase and phosphodiesterase family of
enzymes, but unlike other members of this group,
ATX possesses lysophospholipase D activity. This en-
zymatic activity hydrolyzes lysophosphatidylcholine
(LpC) to generate the potent tumour growth factor and
mitogen LpA. Exogenous addition of VEGFA to cultured
cells induces aTx expression and secretion, resulting
in increased extracellular Lpa production ¢!'. This
elevated Lpa, acting through Lra,, modulates VEGF re-
sponsiveness by inducing VEGF receptor 2 expression.
Downregulation by antisense morpholino oligomers
of arx secretion in SKOV3 cells significantly at-
tenuates cell motility responses to VEGF, ATX, LPA, and
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Lpc °!. Through their respective G protein—coupled
receptors, Lpc and Lra have both been reported to
stimulate migration 2. By itself, Lpc was unable to
stimulate the migration of either cell type; arx had
to be present. Knocking down ATx secretion, or in-
hibiting its catalytic activity, blocked cell migration
by preventing lysophosphatidate production and the
subsequent activation of Lpa receptors 2.

4. SUMMARY

As is the case for most complicated diseases, lipid
intake and defective lipid metabolism are somehow
involved in cancer. Ovarian cancer is the most danger-
ous disease of the female reproductive system, and so
understanding its pathophysiology and therapeutics
is a major concern. More and more research is being
focused in this field to evaluate the appropriate dietary
status of lipids, to manipulate lipid metabolism in the
quest for a better life without ovarian cancer, and to
discover new therapeutic strategies. More specifi-
cally, Fas, LPA, and ATx should receive closer scrutiny.
Targeting FAS, LPAS, LPA receptors, and the enzymes of
LPA metabolism may be the future of successful cancer
therapy—especially aTx, which may be a novel target
for cancer therapy because blockage of this enzyme
inhibits LrA production.
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