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Abstract

Cancer cells require high levels of lipid synthesis to produce structural, signaling and energetic lipids to support continuous
replication. We and others have reported that constitutively increased lipogenesis, mainly by the tandem activation of acetyl-
CoA carboxylase, fatty acid synthase and stearoyl-CoA desaturase-1 (SCD1), is critical to sustain the biological features of
cancer cells, making this metabolic pathway a potential anticancer target for nutritional and pharmacological interventions.
Isoflavones are biologically potent botanical compounds that possess clear antilipogenic and anticancer properties;
however, the regulatory effects of these nutraceutical agents on lipid biosynthesis in cancer cells are still not well
understood. Here we show that genistein, an isoflavone abundant in soybeans, decreased the levels of SCD1 protein in
H460 human lung adenocarcinoma cells, consequently reducing the rate of biosynthesis of oleic acid as well as its
presence in cancer cell lipids. Moreover, genistein promoted a marked reduction in de novo synthesis of major
phospholipids, triacylglycerol and cholesterolesters. Finally, cancer cells treated with genistein displayed a dramatic
reduction in cell proliferation as a result of a blockade in cell cycle progression through G,/M phases. As a whole, our
data suggest that, by globally downregulating lipid biosynthesis, genistein suppresses cancer cell growth, emphasizing the
relevance of this botanical compound as a potential therapeutic agent against lung cancer, a disease for which

therapeutic choices remain limited.
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Introduction

A recent study indicates that lung cancer is the main cause
of death by cancer in the USA, with a ~16% chance of sur-
vival for new cases.! The lack of successful therapies to treat
lung cancer and other highly lethal malignancies calls for
the identification of new potential therapeutic targets. A
notable feature of cancer cells is the uncontrolled rate of cel-
lular proliferation. Due to unremitting mitogenesis, cancer
cells require high levels of metabolic fuels and structural
biomolecules for the rapid synthesis of new membranes
and organelles for daughter cells.>® Active lipid metabolism
is a key to sustain these requirements, particularly the path-
ways of lipid biosynthesis, making these metabolic routes
potential anticancer targets. Stearoyl-CoA desaturase 1
(SCD1), a key lipogenic that catalyzes the conversion of
saturated fatty acids (SFAs) into monounsaturated fatty
acids (MUFAs), has been found upregulated in several
cancer cells and experimental tumors.* Importantly, it has
been shown in cancer cells that, by controlling the rate of
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MUFA biosynthesis, SCD1 modulates the fatty acid profile
of major lipids and determines the overall rate of lipogen-
esis.””” We have also demonstrated that the inhibition of
SCD1 causes a marked decrease in the rate of cellular pro-
liferation in cancer cells by inducing cell cycle arrest in the
Gy/G; phase, as well as by inducing SFA-mediated lipo-
apoptosis.°™® Remarkably, loss of SCD1 activity delays
tumor formation and prevents further tumor growth.”
SCD1 appears to control the rate of mitogenesis and tumor-
igenesis by simultaneously modulating the provision of
MUFA for acylation reactions and by regulating the activity
of signaling pathways, such as Akt and AMP-activated
kinase.'® Altogether, these findings suggest that inhibition
of SCD1 may prove useful as a treatment for cancer.

For centuries, plant-derived compounds have been used
to treat and prevent a variety of diseases."’ Among these
botanical compounds, isoflavones have captured the atten-
tion of several areas of pathology and therapeutics since
these molecules exert a variety of beneficial effects in the
organism, particularly in the prevention and treatment of
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several metabolic diseases such as cardiovascular diseases,
osteoporosis and cancer.'? The most significant sources of
isoflavones are soybean and its derived products. The isofla-
vone family comprises a group of several compounds
including genistein, daidzein, genistin, formononentin and
biochanin A."® Genistein is considered the most biologically
active and best studied isoflavone. This compound has been
reported as an antagonist of estrogen receptors, and shown
to abolish the activity of growth factor-related tyrosine
kinases such as epidermal growth factor (EGF) recep-
tors.'>'* Recent findings on the regulatory role of genistein
in glucose and lipid metabolism have dramatically
increased the interest in elucidating the metabolic effects
of this compound. Interestingly, isoflavones, particularly
genistein, have been reported to modulate lipid synthesis
animal tissues and cultured cells. Added to isolated rat
adipose cells, genistein depresses lipid synthesis.'” In hepa-
toma cells, genistein downregulates the expression of
SREBP-1, a master regulator of lipogenesis, and conse-
quently the expression of fatty acid synthase and SCD1."®
The effect of isoflavones on the rate of lipid synthesis and
potential modifications of fatty acid distribution in cancer
cells have not been fully described.

In the present study, we show that genistein suppresses
de novo lipid biosynthesis in H460 human lung adenocarci-
noma cells. As part of its antilipogenic effect, genistein
decreases SCD1 expression and activity, therefore promoting
marked changes in the MUFA /SFA ratio and in the segre-
gation of exogenous fatty acids into cell lipid pools.
Furthermore, genistein reduced the proliferation of cancer
cells by blocking the progression of cell cycle in the G,/M
phase. Altogether, our findings suggest that genistein, by
downregulating the highly active lipogenic pathway in
cancer cells, may display its anticancer effects. Our data add
more evidence in support of a potential use of genistein
and similar antilipogenic nutraceuticals as therapeutic alterna-
tives for treating lung cancer and other highly lethal
malignancies.

Materials and methods
Materials

AGO01518 normal human skin fibroblasts were obtained
from Coriell (Camden, NJ, USA). H460 human lung adeno-
carcinoma cells were from ATCC (Manassas, VA, USA). Cell
culture media and other culture reagents were from
Invitrogen Life Technologies (Carlsbad, CA, USA).
[1-'*C]stearic acid and [1-'*C]sodium acetate were from
American Radiolabeled Chemicals, Inc (St Louis, MO,
USA). Genistein, daidzein, ultrafiltered fetal bovine serum
(FBS), fatty acid-free bovine serum albumin (BSA), mouse
anti-B-actin monoclonal antibody, anti-mouse IgG peroxi-
dase conjugate, phosphatase and protease inhibitor cocktail
were purchased from Sigma (St Louis, MO, USA). Cell
culture supplies, silica gel 60 chromatography plates and
analytical-grade solvents were from Fisher Scientific
(Morris Plains, NJ, USA). Polyclonal anti-SCD1 antibody
was a generous gift from Dr Jean-Baptiste Demoulin
(Université Catholique de Louvain, Belgium).

Cell culture

Cells were grown in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% FBS, penicillin (100 U/mL),
streptomycin (10 ug/mL), 1% non-essential amino acids
and 1% minimum essential medium vitamin solution

(growing medium), at 37°C, 5% CO, and 100% humidity.

Cell proliferation assay

Cell proliferation rate was determined by crystal violet
assay.'’ Cells were incubated with 100 wmol/L genistein,
100 umol/L  daidzein or dimethyl sulfoxide (DMSO)
vehicle for 48 h. Cells were incubated with the isoflavones
for 48h in order to allow for at least one population
doubling.

Determination of cell cycle distribution

In order to determine the distribution of cell populations in
different phases of cell cycle, H460 cells were treated with
either 100 umol/L genistein or DMSO vehicle for 48 h. At
the end of incubations, cells were collected and treated
with 50 uL RNasel (1 mg/mL) and stained with 5 uL propi-
dium iodide (1 mg/mL). The percentage of cells in cell cycle
phases was analyzed by fluorocytometry.

SCD activity and de novo lipid synthesis

A9-fatty acyl desaturase activity in whole H460 cells was
determined as previously described.'® Briefly, subconfluent
cell monolayers were incubated with the specified concen-
tration of genistein or DMSO vehicle in 10% FBS DMEM
for 48 h. Six hours prior harvesting, cells were pulsed with
[**C]stearic acid (0.25 uCi/60 mm Petri dish) in culture
medium containing 0.5% BSA. Total cellular lipids were
extracted according to Bligh and Dyer'” and transesterified
with BF; in methanol for three hours at 64°C under nitrogen
atmosphere. The methyl esters were separated on silver
nitrate-thin-layer chromatography (TLC) following the pro-
cedure described by Wilson and Sargent.'® The radiolabeled
stearic and oleic acids were detected with a Storm scanner
(Molecular Dynamics, GE Healthcare BioSciences,
Pittsburgh, PA, USA) and its optical density quantified
with Imagequant software. For de novo lipid synthesis,
cells were treated with genistein or DMSO for 48 h and incu-
bated for the last 16 h with [**CJsodium acetate. Cellular
lipids were extracted as described above and individual
phospholipids and neutral lipids were separated by a one-
dimensional, two solvent system TLC, as described in
Scaglia and Igal.® Radiolabeled lipid spots on the TLC
plate were detected and quantified as stated above. The
amount of ["*C]tracer incorporated into lipids was normal-
ized to cellular protein content of cells grown in parallel
Petri dishes under similar experimental conditions.

Total cellular fatty acid composition

Total cellular lipids from H460 cancer cells treated with
100 wmol/L genistein or DMSO for 48 h were extracted as
described above. After fatty acids from total lipids were
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transesterified and methylated, the fatty acid methyl ester
composition was determined by gas chromatography
using a Varian 3800 GC (Varian Inc, Palo Alto, CA, USA),
equipped with a DB-23 column (J&W Scientific Inc,
Folsom, CA, USA) and flame ionization detector. Fatty
acid methyl ester identification and response factors were
determined using standard mixtures (NuChek Prep Inc,
Elysian, MN, USA). Chromatographic peaks were identified
by comparison of their retention times with those of pure
fatty acid standards and percent distribution was calculated.

Determination of cellular protein

Total cellular protein content was measured by the Bradford
method, using BSA as a standard.

Statistical analysis

Results from a representative experiment with at least three
samples per experimental group are presented as means +
SD. Statistical significance of the data was determined by
Student’s t-test.

Results

Genistein impairs cell proliferation by
blocking the progression of cell cycle

In agreement with previous reports indicating that isofla-
vones affect cancer cell growth,'” > we observed that genis-
tein dramatically reduced the rate of proliferation of lung
cancer cells (Figure la). Similar treatment produced no
changes in the replication of normal human skin fibroblasts
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Figure 1 Genistein impairs lung cancer cell proliferation by blocking cell
cycle progression. H460 lung cancer cells were treated with 100 umol/L gen-
istein (Gen) or DMSO (D) for 48 h and cell proliferation was determined by
crystal violet assay (a). In cells undergoing similar genistein treatment, the dis-
tribution of cells in cell cycle phases was determined by fluorocytometry (b).
*P < 0.05 or less versus vehicle-treated cells, by Student’s t-test. DMSO,
dimethyl sulfoxide
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(data not shown), suggesting that genistein may differentially
affect fast-proliferating cells. We also sought to determine
whether the effects of genistein on cancer cell proliferation
could be attributed to specific alterations in cell cycle pro-
gression. As shown in Figure 1b, incubation with genistein
caused a significant arrest of cell cycle, with a reduction of
cell populations in the Gy/G; phase, a drastic decrease in
the S phase and an accumulation of cells in the G,/M phase.

Genistein reduces SCD1 protein levels and
activity in cancer cells

Previous studies have shown that SCD1 is overactivated in
cancer cells and plays a critical role in supporting the bio-
chemical and biological phenotype of cancer cells.***~%
Since SCD1 expression and activity are modulated by a
large number of hormones and dietary factors, isoflavones
may target SCD1 for modulation in H460 cells. As shown
in Figure 2a, treatment with 100 umol/L genistein
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Figure 2 Genistein decreases SCD1 levels and MUFA/SFA ratio in total lipids
of lung cancer cells. In H460 cells treated with 100 umol/L genistein (Gen) or
DMSO for 48 h, the levels of SCD1 and control p-actin were determined by
Western blot (a). For the determination of A9-desaturating activity (b), cells
were incubated with 100 umol/L genistein (Gen) or DMSO for 48 h. Six
hours before harvesting, the cells were pulsed with ['*C]18:0 (0.25 uCi/
dish). After conversion into methylesters, SFA and MUFA were resolved on
silver nitrate-impregnated thin-layer chromatography plates. The radioactive
spots corresponding to ['*C]18:0 substrate and product (['*C]18:1) were visu-
alized with a Phosphor Imager and quantified by densitometric analysis.
(c) Ratio 18:1n-9/18:0 in total lipids was determined in cells under similar gen-
istein treatment conditions. To do so, cellular lipids were extracted and fatty
acids were converted to their methylester form by transesterification as
described in Materials and methods. Fatty acid methyl ester composition
was assessed by gas chromatography and percent distribution of fatty
acids was calculated. Values represent the mean + SD of triplicate determi-
nations. *P < 0.05 versus vehicle-treated controls, by Student’s t-test.
MUFA, monounsaturated fatty acid; SFA, saturated fatty acid; DMSO, dimethyl
sulfoxide; SCD1, stearoyl-CoA desaturase-1
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decreased SCD1 protein levels in H460 cancer cells. In order
to assess whether the reduction of SCD1 levels by genistein
affected the overall rate of SCD activity, we determined the
conversion of ["*C]stearic acid into oleic acid in H460 cells
treated with 100 wmol/L genistein. Indeed, incubation with
genistein led to a marked reduction in the production of
oleic acid in cancer cells (Figure 2b). Further, inhibition of
SCD1 by genistein produced a ~25% decrease in the ratio
of 18:1n-9/18:0, two of the most abundant fatty acids in
cancer cells, indicating that by downregulating SCD1, the iso-
flavone alters the fatty acid profile of these cells.

Genistein suppresses de novo synthesis of lipids

Cancer cells require an active production of SFA and MUFA
to fulfill their requirements for lipid structures, metabolic
fuel and signals appropriate for rapid proliferation.?~*
Having observed that genistein targets SCD1 activity for
inhibition, we next investigated the effects of genistein on
overall lipid biosynthesis using ['*Clacetate as a tracer.
Upon conversion into acetyl-CoA by acetyl-CoA synthetase,
acetate enters the routes of fatty acid biosynthesis and
cholesterol synthesis. As shown in Figure 3, radiolabeled
acetate was preferentially incorporated into phospholipids
of cancer cells (~75%). The remaining ['*C]tracer incor-
porated into triacylglycerol (TAG) pools (18-20%) and
cholesterolesterase (CE) (~5%) (Figure 3a). Among phos-
pholipids, incorporation of [**Clacetate was greater in phos-
phatidylcholine, with ~50% of total acetate labeling, followed
by phosphatidylethanolamine (~13%) (Figure 3b), phospha-
tidylinositol (~6%), phosphatidylserine (~3%) and lysopho-
sphatidylcholine (1.5%) (Figure 3c). The overall synthesis of
lipids from acetate was markedly reduced by genistein.
Levels of [*CJacetate were reduced between 40% and 70%
in phospholipid and neutral lipid species (Figures 3a-c).
Altogether, these findings suggest a global downregulating
effect of genistein on de novo lipid synthesis, likely as the
result of a reduction in the fatty acid biosynthetic pathway.

Genistein increases the incorporation of exogenous
fatty acids into cellular lipid pools

Cancer cells rely almost exclusively on endogenously syn-
thesized fatty acids for the production of new lipid macromol-
ecules.>* Since genistein induced a dramatic decrease in de
novo lipid biosynthesis in cancer cells, we wished to investi-
gate if the incorporation of exogenous fatty acids into lipid
pools was affected by genistein. Thus, genistein- and vehicle-
treated cancer cells were incubated with [**C]stearic acid for
six hours, and levels of the major radiolabeled lipids were
determined (Figure 4). In neutral lipid fractions, [**C]fatty
acid was mainly acylated into TAG and CE (Figure 4a), with
minor labeling in unesterified fatty acid and diacylglycerol
fractions (data not shown). Similar to cells traced with radio-
labeled acetate, the largest fraction of exogenous [**C]fatty
acid (~90%) was incorporated into the phospholipid pool
(Figures 4b and c), in which phosphatidylcholine (PC) and
phosphatidylethanolamine fractions were the main labeled
polar lipid species (Figure 4b) followed by phosphatidyl-
inositol, phosphatidylserine and lysophosphatidylcholine
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Figure 3 De novo lipid synthesis in lung cancer cells is inhibited by genistein.
The rate of de novo lipid synthesis was determined in H460 cells incubated
with 100 umol/L genistein (Gen) or DMSO for 48 h. During the last 24 h of
incubation, cells were radiolabeled with 0.5 uCi/dish of ['*Clacetate. Lipids
were extracted and polar and neutral species were separated by one-
dimensional thin-layer chromatography. Radioactive lipid spots were ident-
ified in a Phosphor Imager and quantified by densitometric analysis. (a) CE,
cholesterolesteres, TAG, triacylglycerols; (b) PE, phosphatidylethanolamine,
PC, phosphatidylcholine; (c) Pl, phosphatidylinositol; PS, phosphatidylserine;
LysoPC, lysophosphatidylcholine. Values represent the mean + SD of tripli-
cate determinations. *P < 0.05 or less versus vehicle-treated controls, by
Student’s t-test. DMSO, dimethyl sulfoxide; DPM, disintegrations per minute

(Figure 4c). Treatment with 100 umol/L genistein promoted
a global increase in the acylation of main lipid fractions
with [14C]fatty acid, although the increase in [14C]fatty acid-
labeled TAG was proportionally greater that the other lipid
macromolecules (Figure 4a). These observations suggest the
presence of a compensatory mechanism in cells treated with
the isoflavone that overcomes the low production of endogen-
ous lipids by increasing the uptake of exogenous fatty acids
and their incorporation into different lipid species.
Moreover, our findings that the level of TAG formation
from exogenous [*C]stearic acid is inversely correlated to
the degree of SCD1 activity suggest that TAG is the preferen-
tial lipid pool for the storage of SFA.
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Figure 4 ['“C]Stearic acid incorporates preferentially into TAG of genistein-
treated cells. H460 cells were grown until 80-90% confluent and treated
with 100 umol/L genistein (Gen) or DMSO in 10% fetal bovine serum
Dulbecco’s modified Eagle’s medium for 48 h. Cells were incubated with
['“C]stearic acid for the last six hours of treatment, and cell lipids were
extracted and different species were separated by thin-layer chromatography.
Radioactive lipid spots were detected with a Phosphor Imager and quantified
by densitometry. (a) CE, cholesterolesteres; TAG, triacylglycerols. (b) PE,
phosphatidylethanolamine; PC, phosphatidylcholine.(c) PIl, phosphatidyl-
inositol; PS, phosphatidylserine; PA, phosphatidic acid. Values represent
the mean + SD of triplicate determinations. *P < 0.05 or less versus vehicle-
treated controls, by Student’s t-test. DPM, disintegrations per minute

Discussion

Aberrant expression of enzymes of lipogenesis, particularly
fatty acid biosynthetic enzymes, has been linked to the
onset and progression of most prevalent metabolic diseases
such as obesity, diabetes and cardiovascular disease.?*?”
Furthermore, an abnormally high rate of de novo lipid syn-
thesis has been associated with the pathogenesis of cancer.*
In cancer cells and animal tumor models, the pharmacologi-
cal and genetic ablation of ACL, ACC, fatty acid synthase
(FAS) and SCD1 promoted a downregulation of lipid biosyn-
thesis as well as attenuation of malignant phenotype.'®~*
Therefore, lipogenic enzymes are increasingly becoming

valuable targets for nutritional and pharmacological inter-
ventions in cancer therapy. Our studies demonstrate that gen-
istein, a prototypical nutraceutical compound, promotes a
global downregulation of de novo lipid synthesis and a
marked decrease in the proliferation rate of lung cancer
cells. With regard to lipogenesis, a reduction in lipid biosyn-
thesis by genistein was reported in isolated rat adipocytes,?
suggesting that this phytoestrogen is able to modulate this
metabolic pathway in highly lipogenic cells. Our observation
of an overall reduction in de novo lipid biosynthesis in lung
cancer cells by genistein indicates that this isoflavone may
affect central regulatory mechanisms for the control of lipo-
genesis. The suppression of lipid biosynthesis by genistein
may be caused by targeting SREBP-1, a key transcriptional
factor that controls critical enzymes involved in the biosyn-
thesis of fatty acids and triacylglycerols such as glgfcerol—i%-
phosphate acyltransferase (GPAT), FAS and SCD1.”® In this
connection, previous studies have shown that isoflavones
are able to suppress the activation of SREBP-1.%

The observed antilipogenic effect of genistein in lung
cancer cells may be produced, at least in part, by targeting
the MUFA synthesis. We detected a significant reduction of
SCD1 protein levels in genistein-treated cells, in agreement
with similar observations reported by Shin et al.'® and Su
et al.* in HepG2 cells and differentiated adipocytes, respect-
ively. The marked decrease in SCD activity and, more impor-
tantly, a significant reduction in the ratio oleic acid to stearic
acid observed in cancer cells treated with genistein was
likely caused by the lower expression of SCD1 protein. The
potential implications of the perturbation in the fatty acid dis-
tribution promoted by genistein are vast since changing ratios
of MUFA to SFA modify the physicochemical properties of
cell membranes, with a consequent impact on the activity of
membrane-resident proteins, such as enzymes, transporter
and cytokine receptors. An altered lipid composition may
hinder the activation of tyrosine-kinase receptors such as
insulin, PDGF, EGF, fibroblast growth factor (FGF) and kera-
tinocyte growth factor (KGF), which are known to stimulate
lipid synthesis and mitogenesis in human cells.**~2
Genistein may also suppress lipogenic activity in cancer
cells by directly blocking the tyrosine kinase activity of EGF
receptors.33 Furthermore, several biological activities of iso-
flavones are due to their capacity to bind and activate estrogen
receptors.'” However, it is unlikely that genistein impairs
lipid formation through its estrogen-like effects since estrogen
has been shown to increase MUFA levels in chicken liver by
inducing SCD1 expression.>*

Besides affecting the production of new lipids, genistein
also produced notable changes in the segregation of fatty
acids into cell lipid pools. The greater incorporation of
exogenous stearic acid into all major lipids in cancer cells
treated with the phytoestrogen suggests a depletion of
endogenously synthesized fatty acids. This finding also
indicates that the acylation of fatty acids into glycerolipids
and cholesterolesters is not inhibited by genistein, further
adding evidence to the notion that genistein specifically
targets the biosynthesis and desaturation of fatty acids in
cancer cells. Moreover, although the acylation of exogenous
fatty acids was increased in both membrane lipids and
storage lipids, the fact that stearic acid preferentially
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segregated into TAG may point out to a safeguard mechan-
ism for sequestering the excess of SFA in genistein-treated
cells. The downregulation of SCD1 promoted by genistein
may force the partition of SFA into TAG since a similar seg-
regation of SFA away from phospholipids and into neutral
lipids was detected in SCDIl-ablated cancer cells.®
Accumulation of SFA are know to promote cell stress and,
ultimately, to trigger apoptosis® >’ and the presence of
active SCD1 in cancer cells prevents this lipotoxic phenom-
enon by converting harmful SFA into less deleterious
MUFA.* 1t is then conceivable that the antigrowth action
of genistein in cancer cells could be, at least partly, attribu-
ted to a toxic accumulation of SFA due to SCD1 depletion.

As previously reported by Lian et al.,*® genistein treatment
led to cell cycle arrest in H460 cells by inducing a blockade in
the G,/M phase, which explains the observed cessation of cell
proliferation. Arrest of cancer cell cycle in the G,/M phase
induced by isoflavones has been reported in a number of
cancer cells including breast, prostate and lung cancer.”! We
also detected a decrease in the progression of cell cycle
from the Gy/G; to the S phase, which can be attributed to
the use of a greater genistein concentration than that used
in the aforementioned studies. Interestingly, the reduction of
SCD1 in genistein-treated cells may have also induced a
similar block in cell cycle since the pharmacological blockade
of SCD1 activity was shown to induce arrest of H460 cancer
cells in the Go/G; phase.” A reduction in the population of
cells in these cell cycle segments has also been detected in
melanoma cells and mouse fibroblasts."” Isoflavones may
affect the rate of cell replication by modifying lipid homeosta-
sis since active lipogenesis is essential for the progression of
cell cycle in cancer cells and for avoiding the entry in the
cell death program.** We and others have shown that the
ablation of the fatty acid biosynthetic enzymes ACC, FAS
and SCD1 blocks the progression of cell cycle in the Gy/G;
phase.”'%?2~% Nevertheless, although a perturbation in the
fatty acid biosynthetic program by genistein may contribute
to a blockade of cell cycle progression through the G;—5S
boundary, it cannot explain the blockade of G,/M phases
commonly seen in cancer cells undergoing treatment with iso-
flavone compounds. In this regard, genistein is known to
impair the activation of the cdc-2/cyclin B complex, a critical
event in the G,/M procession.*’

In summary, we have characterized the effect of genistein
on lipid biosynthesis in a model of lung cancer cells. We
observed that the de novo formation of major phospholipid
and neutral lipid species is dramatically reduced by
genistein, likely by targeting fatty acid synthesis and desa-
turation. In this regard, genistein exhibits a strong down-
regulating effect on SCD1, a key lipogenic enzyme that
controls lung cancer cell proliferation, survival and tumori-
genesis. Along with these significant perturbations in lipid
biosynthesis, genistein markedly reduced proliferation of
lung cancer cells by arresting the cell cycle. The fact that
abnormally high activity levels of the fatty acid synthetic
pathway has been associated with the onset and progression
of cancer provides evidence in support of a potential thera-
peutic use of genistein in malignant diseases, particularly
lung cancer, a lethal form of cancer for which effective treat-
ment is lacking.
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