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Acetyl CoA carboxylase (ACC1 and ACC2) generates malonyl CoA, a substrate for de novo lipogenesis
(DNL) and an inhibitor of mitochondrial fatty acid [3-oxidation (FAO). Malonyl CoA is also a substrate for
microsomal fatty acid elongation, an important pathway for saturated (SFA), mono- (MUFA) and
polyunsaturated fatty acid (PUFA) synthesis. Despite the interest in ACC as a target for obesity and cancer
therapy, little attention has been given to the role ACC plays in long chain fatty acid synthesis. This report

Keyw?rds: , examines the effect of pharmacological inhibition of ACC on DNL and palmitate (16:0) and linoleate
g\szghgg/:‘carboxy ase (18:2, n — 6) metabolism in HepG2 and LnCap cells. The ACC inhibitor, soraphen A, lowers cellular

malonyl CoA, attenuates DNL and the formation of fatty acid elongation products derived from
exogenous fatty acids, i.e., 16:0 and 18:2, n — 6; ICsg ~ 5 nM. Elevated expression of fatty acid elongases
(Elovl5, Elovl6) or desaturases (FADS1, FADS2) failed to override the soraphen A effect on SFA, MUFA or
PUFA synthesis. Inhibition of fatty acid elongation leads to the accumulation of 16- and 18-carbon
unsaturated fatty acids derived from 16:0 and 18:2, n — 6, respectively. Pharmacological inhibition of
ACC activity will not only attenuate DNL and induce FAO, but will also attenuate the synthesis of very

De novo lipogenesis
Fatty acid elongation
Fatty acid desaturation
Fatty acid oxidation

long chain saturated, mono- and polyunsaturated fatty acids.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

Global and tissue specific ablation of acetyl CoA carboxylase-1
[ACC1] [1,2], ACC2 [3], fatty acid synthase [FASN] [4] or stearoyl
CoA desaturase-1 [SCD1] [5,6] significantly impacts lipid synthesis,
storage and oxidation and affects the onset and progression of
obesity and diabetes. Such studies have prompted an interest in
developing pharmacological approaches to control lipid synthesis
and storage in an effort to combat obesity, diabetes, metabolic
syndrome and cancer [7-11]. ACC has emerged as one target for
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arachidonic acid (20:4, n — 6); CPT1, carnitine palmitoyl transferase 1; DHA,
docosahexaenoic acid (22:6, n—3); DNL, de novo lipogenesis; FADS1, A>-
desaturase; FADS2, AS-desaturase; DHGL, dihomo-y-linolenic acid (20:3, n — 6);
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CoA decarboxylase; MUFA, monounsaturated fatty acid; NEFA, non-esterified fatty
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such control because of its role in malonyl CoA synthesis, a
substrate for de novo lipogenesis (DNL) and an allosteric inhibitor
of carnitine palmitoyl transferase-1 (CPT1) and mitochondrial fatty
acid oxidation [FAO] [12-15]. While both ACC1 and ACC2 isoforms
generate malonyl CoA, their subcellular location leads to different
effects on lipid metabolism. Cytosolic ACC1 generates malonyl CoA
for DNL, while mitochondrial ACC2 generates malonyl CoA to
inhibit CPT1 and FAO [14].

Although there has been considerable interest in ACC as a
therapeutic target to attenuate fatty acid synthesis and enhance
fatty acid oxidation [7,13,16,17], little attention has been given to
the role ACC plays in long chain saturated (SFA), mono- (MUFA)
and polyunsaturated (PUFA) fatty acid synthesis. Malonyl CoA is a
substrate for microsomal fatty acid elongation [18]. Fatty acid
elongation & desaturation is critical for generating the diverse
array of SFA, MUFA and PUFA found in cells [19-21]. In addition to
malonyl CoA, microsomal fatty acid elongation requires other
substrates (NADPH and fatty acyl CoAs) and four enzymes to
catalyze the 2-carbon elongation of fatty acids derived from the
diet or DNL. These enzymes include 3-keto acyl CoA synthase, 3-
keto acyl CoA reductase, 3-hydroxy acyl CoA dehydratase and trans
2,3-enoyl CoA reductase [18-20]. Specificity for fatty acyl CoA
substrates and the rate of fatty acid elongation is determined by
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the 1st step in the pathway, i.e., the activity of the condensing
enzyme, 3-keto acyl CoA synthase, and not the reductases or
dehydratase [18,22,23]. As such, 3-keto acyl CoA synthase (also
known as Elovl, elongation of long chain fatty acids) plays the key
regulatory role in determining the type and amount of elongated
fatty acids found in cells.

Seven fatty acid elongases (Elovl1-7) have been described in
rodent and human genomes. Many fatty acid elongases function
together with fatty acid desaturases to generate very long chain
MUFA and PUFA. Elongases and desaturases in these pathways are
coordinately regulated [24,25]. For example, SCD1 and fatty acid
elongase-6 (Elovl6) are induced by insulin, glucose and liver X
receptor (LXR) and peroxisome proliferator activated receptor-o
(PPARa) agonist. SCD1 and Elovl6 play a major role in MUFA
synthesis. The global ablation of SCD1 or Elovl6 significantly
impacts fatty acid and triglyceride synthesis as well as the onset of
diet-induced fatty liver, obesity and insulin resistance [26-28].
PPARa agonist induce Elovl5, FADS1 and FADS2 leading to the
stimulation of PUFA synthesis [24,29]. Global ablation of Elovl5
lowers PUFA synthesis and relieves PUFA suppression of SREBP1, a
key transcription factor controlling fatty acid synthesis [30]. In
contrast, elevation of hepatic Elovl5 activity lowers hepatic and
plasma triglyceride content [29]. These studies establish that
changes in fatty acid elongation impacts cellular fatty acid
composition; some of these changes are linked to chronic
metabolic disease.

Despite the numerous studies on ACC1 [1,2] and ACC2 [3]
function and the potential role of ACC as a therapeutic target for
metabolic and neoplastic disease [7,13,16,17], no studies have
assessed the effect of ACC ablation on fatty acid elongation. Our
goal is twofold: (1) to examine the impact of a potent ACC inhibitor
on fatty acid elongation, and (2) to determine how changes in fatty
acid elongation impact fatty acid desaturation, cellular fatty acid
composition and FAO. These studies were carried out in the human
hepatoma (HepG2) and prostatic cancer (LnCap) cell lines, two cell
lines used by others to evaluate the effect of ACC inhibitors on
cellular malonyl CoA content, lipid metabolism and cell growth
[8,13,16]. The outcome of our studies establishes a key role for ACC
in the elongation of SFA, MUFA and PUFA.

2. Materials and methods
2.1. Materials

Acetonitrile (EMD Chemicals, Gibbstown, NJ); acetic acid,
chloroform, KH,PO4 HCI, hexane, KOH, H,SO, (J.T. Baker,
Phillipsburg, NJ); acetic acid, ammonium formate, diethyl ether,
isopropanol, perchloric acid (Mallinkrodt Chemicals, Phillipsburg,
NJ), methanol (Fisher Scientific, Fair Lawn, NJ). Gases for HPLC and
GC: hydrogen, nitrogen, helium, air (Industrial Welding, Albany,
OR); tissue culture reagents, DMEM, RPMI 6140, fetal calf serum,
penicillin & streptomycin, NuPAGE 4-12% polyacrylamide Bis-Tris
gels (Invitrogen, Carlsbad, CA); acetyl CoA, bovine serum albumin
(BSA) (Probumin, Celliance, Kankakee, I11); malonyl CoA, isobutyl
CoA, propionyl CoA, butylated hydroxytoluene, 2-(2-pyridyl)ethyl-
functionalized silica gel, C75, etomoxir; phosphatase inhibitors ([3-
glycerophosphate, Na-pyrophosphate, Na3VO4(Sigma-Aldrich,
Inc., Atlanta, GA); fatty acid and fatty acid methyl ester (GLC-
642 and GLC 643) standards (Elysian, MN); TLC lipid standards
(Avanti Polar Lipids (Alabaster, AL); [2-'4C]-acetate and [1-'4C]-
palmitate (GE Healthcare, Pittsburg, PA], [1-'C]-linoleate (NEN-
Perkin Elmer, Waltham, MA); Quick start Bradford dye reagent
(Bio-Rad, Hercules, CA); Inflow 2:1 scintillation cocktail (INUS
Systems, Tampa, Fl); Complete mini-EDTA free protease inhibitor
cocktail (Roche Diagnostics, Indianapolis, IN); primary antibody for
Elovl6 (Abcam, Cambridge, MA); secondary antibodies IRDye 680

and IRDye 800 (LiCor, Lincoln, NB); nitrocellulose membrane
Optitran, BA-S 83, Whatman, Dassel, Germany).

2.2. Cell culture

Human hepatoma HepG2 cells were obtained from American
Type Culture Collection (Manassas, VA). Prostate carcinoma LnCap
cells were obtained from E. Ho, Oregon State University, Corvallis,
OR. HepG2 cells were grown in Dulbecco’s modified essential
medium (DMEM) with 10% fetal calf serum. LnCap cells were
grown in RPMI1640 with 10% fetal calf serum. All experiments
were carried out with cells grown on 6 well plates or 100 mm Petri
dishes (Corning Life Sciences, Corning, NY) in a humidified
incubator at 37 °C and 5% CO,.

2.3. RNA extraction and qRT-PCR

RNA was extracted from HepG2 and LnCap cells and specific
transcripts were quantified by quantitative real-time PCR (RT-PCR)
using primers listed in Table 1S. All human primers were
purchased from Eurofins MWG/Operon (Huntsville, AL). All primer
pairs were assessed for reaction efficiency and product size; all
reactions were performed in triplicate. The relative amounts of
mRNAs were calculated by using the comparative Cr method (User
Bulletin #2, Applied Biosystems, Carlsbad, CA). Cyclophilin was
used as a control for these studies.

2.4. Extraction and quantitation of malonyl CoA

The procedure for extraction of short-chain CoAs is essentially
as described by Minkler et al. [31]. Briefly, confluent HepG2 cells
grown on 100 mm Petri dishes as described above were scraped
into ice cold 0.9 ml acetonitrile-isopropanol (3:1, v/v), homoge-
nized in a glass Teflon homogenizer on ice. The homogenate was
adjusted to 25 mM KH,PO,, pH 6.7 using 0.3 ml 100 mM KH,POy,,
pH 6.7 and re-homogenized on ice. Protein in the extract was
measured using the BioRad Quick Start Bradford Dye Reagent and
bovine serum (BSA) as standard. Isobutyl CoA was added as a
recovery standard. After centrifugation at maximum speed in a
microfuge tube, the supernatant was transferred to another tube
and 0.25 ml of glacial acetic acid was added per ml of supernatant.
The supernatant was applied to a column containing 100 mg of 2-
(2-pyridyl) ethyl-functionalized silica gel. The column was
precondition with 1 ml acetonitrile:isopropanol:water:acetic acid
(9:3:4:4; v/v/v|v). The sample was applied and washed with 1 ml
acetonitrile:isopropanol:water:acetic acid. The acyl CoAs were
eluted with 2 ml methanol:250 mM ammonium formate (4:1, v/v).
The eluate was collected, dried in a speed-vac and resuspended in
200 1 40 mM KH,POy4, pH 6.7.

The acyl CoAs were fractionated by RP-HPLC using a Water
Alliance HPLC system and quantified by UV absorbance. The
column was a J'Sphere ODS-M80 (4 pm, 8 nm; 250 mm x 4.6 mm)
(YMC, Waters, Milford MA). The elution buffers were [A]: 40 mM
KH,PO4, pH 4.4 and [B]: 30% methanol in 40 mM KH,PO,, pH 4.4.
From O to 5 min post injection, the eluant was 95% A and 5% B; from
5 to 30 min, a linear gradient was applied to reach 100% B by
30 min. The column was at 37 °C and the flow rate was at 0.7 ml/
min. The acyl-CoAs were quantified by UV absorbance at 260 nm
using a 2487 dual \ absorbance detector (Waters, Milford, MA) and
related to a standard curve of malonyl CoA.

2.5. Metabolic labeling
Cells in 6 well plates were treated with [2-14C]-acetate [0.5 .Ci/

well-6 well plate; 4.3 wM; 58 mCi/mmole, GE Healthcare, Pitts-
burg, PA], 50 M [1-'4C]-palmitate [0.5 wCi/well, Amersham, GE
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Healthcare, Pittsburg, PA], or 50 pM [1-!“C]-linoleate [0.5 w.Ci/
well, NEN-Perkin Elmer, Waltham, MA] for 6 h in the absence or
presence of inhibitors of de novo lipogenesis: soraphen A, an ACC
inhibitor (a generous gift from Cropsolution, Inc., Morrisville, NC).
C75, a FASN inhibitor [32], was purchased from Sigma-Aldrich,
Inc., Atlanta, GA. Cells were pretreated with inhibitors for 2 h prior
to adding '“C-label reagents. Non-radioactive fatty acids were
obtained from Nu-Chek Prep (Elysian, MN). Cell protein was
measured using the BioRad Quick Start Bradford Dye Reagent and
bovine serum (BSA) as standard.

2.6. Recombinant adenovirus

Recombinant adenoviruses used in these studies included those
expressing luciferase (Ad-Luc), fatty elongase-5 (Ad-Elovl5), fatty
acid elongase-6 (Ad-Elovl6) (2), A>-fatty acid desaturase (Ad-
FADS1) and A®-fatty acid desaturase (Ad-FADS2). The recombinant
adenovirus expressing luciferase, Elovl5 and Elovl6 were described
previously [24,25]. The recombinant adenovirus expressing FADS1
was constructed using mouse primers [NM_146094: sense: 5'-
ATGGCTCCCGAC CCGGTGCCG; antisense: CTATTGGTGAAGG-
TAAGCGTC]. A recombinant adenovirus expressing FADS2 was
constructed using the mouse primers [NM_019699] (sense primer,
ATGGGGAAGGGAGGTAACCAG-3' and anti-sense primer, TCATT-
TATGGAGGTAAGCATC-3’). All mouse primers were purchased
from Eurofins MWG/Operon (Huntsville, AL). RT-PCR and mouse
liver RNA was used to generate the coding regions for the FADS1
and FADS2 enzymes. The cDNAs were inserted into the pShuttle-
CMV (Stratagene-Agilent Technologies, Santa Clara, CA), recom-
bined in BJ5188 cells, propagated in XL10 Gold ultra competent
cells. Ad-DNA was packaged into adenoviral particles in Ad-293
cells. The resulting adenovirus was amplified in Ad-293 cells.
Recombinant adenoviruses were either prepared from cell lysates
or twice purified by cesium chloride density ultracentrifugation.
Post-centrifugation, viral particles were dialyzed against PBS + 10%
sucrose and stored at —80 °C. Virus prepared from cell lysates or
further purified by cesium chloride ultracentrifugation were
titered using the Adeno-X Rapid titer kit from Clontech, (Mountain
View, CA); active viral particle concentration (plaque forming units
(PFU)/ml).

HepG2 cells were infected with recombinant adenovirus after
reaching 80% confluence. Most studies used a virus to cell ratio of
20, i.e., 20 plaque forming units [PFU]/cell. Cells were infected with
virus 48h prior to treatment with drugs or '“C-labeled
compounds. LnCap cells are resistant to adenoviral infection and
expression of green fluorescent protein (Ad-GFP); less than 10% of
cells expressed GFP after receiving Ad-GFP at 100 PFU/cell.
Accordingly, LnCap cells were not used for elongase or desaturase
over expression studies.

2.7. Lipid extraction and reverse phase high performance
chromatography

After treating cells with '¥C-labeled compounds, cells were
washed with PBS + 0.2% BSA. Total lipid was extracted from cells
using chloroform:methanol (2:1) plus 1 mM butylated hydro-
xytoluene [29]. Total lipid was fractionated by thin layer
chromatography (TLC): stationary phase: Whatman LK6D glass
plates (GE Healthcare, Pittsburg, PA); mobile phase, hexane:diethyl
ether:acetic acid (60:40:0.8). After drying, radioactivity on the TLC
plates was quantified by phosphorimager, Storm 820 (Amersham
Biotech-Molecular Dynamics, Sunnyvale, CA) analysis.

Total lipids were saponified using 0.4 N KOH in 80% methanol
and heating to 65 °C for 2 h. After neutralization with 0.45 N HCl,
fatty acids were extracted with hexane +2% acetic acid. After
drying under nitrogen and in vacuo overnight, fatty acids were

resuspended in methanol + 0.1% butylated hydroxytoluene (Sig-
ma-Aldrich, Inc., Atlanta, GA) and used directly for reverse-phase
chromatography (RP-HPLC). The RP-HPLC conditions were: YMC J-
Sphere (ODS-H80) column and a gradient starting at 77.5%
acetonitrile + acetic acid (0.1%) and ending at 100% acetonitri-
le + acetic acid (0.1%) over 70 min with a flow rate of 1.0 ml/min
using a Waters 600 controller (Waters Corporation, Milford, MA).
Fatty acids were detected using UV absorbance at 192 nm (Waters
model 2487) and evaporative light scatter (Waters model 2420),
and/or 3-scintillation counting (Inflow 2:1; INUS Systems, Tampa,
FL [24,25]. Fatty acid and complex lipid standards for TLC and RP-
HPLC were obtained from Nu-Chek Prep (Elysian, MN) and Avanti
Polar Lipids (Alabaster, AL).

2.8. Gas chromatographic analysis of fatty acids

Gas chromatography was used to identify a new fatty acids, i.e.,
11,14-eicosadienoic acid (20:2, n —6). Accordingly, fatty acid
methyl esters (FAME) were prepared from saponified fatty acids
extracted as described above. FAME were prepared using 1% H,SO4
in methanol and heating to 90 °C for 1 hr. FAME were extracted in
hexane, dried and resuspended in hexane + 0.05% butylated
hydroxytoluene for quantitation by gas chromatography (Aligent
7890 GC, Agilent Technologies, Brush Prairie, WA) equipped with a
flame ionization detector (FID) [conditions: column,
100 mm x 0.25 mm ID, 0.2 wm HP-88; inlet temperature = 250 °C;
vol. injected 1 wl; split ratio varies from 1:5; carrier gas
A =hydrogen; B = helium; head pressure 2 ml/min constant flow;
oven To: 120°C 1 min. 10 °C/min to 175 °C, 10 min 5 °C/min to
210°C, 5min 5 °C/min to 230°C, 5 min; detector temperature,
280 °C; detector gases: 40 ml/min hydrogen; 450 ml/min air,
Helium to make up gas 30 ml/min]. Standards for fatty acid methyl
esters (GLC-682, GLC-642, and GLC-643) were obtained from Nu-
Chek Prep (Elysian, MN).

2.9. Fatty acid oxidation

Fatty acid oxidation was measured in cells after treatment with
14C_labeled fatty acids. Media was collected, centrifuged at
3000 x g and used to quantify fatty acid oxidation products as
described [33]. Briefly, 0.5 ml of media was transferred to wells in
24-well costar plates. The media was acidified with perchloric acid
(10% v/v). The wells were overlaid with Whatman 3MM paper
soaked with 2 M NaOH. The lid was returned to the 24-well plate,
firmly sealed and shaken at 37 °C for 6 h. Afterward, the 3MM
paper was recovered, dried and cut according to the pattern of
wells. Each well/3MM paper was transferred to a microfuge tube
containing water (1.0 ml) and shaken for 2 h at room temperature.
14C_radioactivity in the water represents *CO, production and
was quantified by 3-scintillation. The media remaining in the wells
of the 24 well plate was recovered, centrifuged at 3000 x g for
10 min. C-radioactivity in the supernatant, i.e., '*C-acid soluble
material (ASM, represents incomplete fatty acid oxidation, e.g.,
ketone bodies, acyl carnitine and TCA metabolites) was quantified
by -scintillation counting. The generation of all FAO products was
blocked by etomoxir (an inhibitor of fatty acid oxidation)
treatment (10 wM, 6 h) (Sigma, St. Louis, MO).

2.10. Immunoblot analysis for Elovl5 and Elovl6

Extracts of HepG2 cells were prepared as described previously
[29] and included both protease (Complete mini-EDTA free
protease inhibitor cocktail, Roche Diagnostics, Indianapolis, IN)
and phosphatase inhibitors (1 mM 3-glycerolphosphate, 2.5 mM
Na-pyrophosphate, 1 mM Na3VO,4) (Sigma Chemicals, St. Louis,
MO). Proteins (25-100 j.g) were separated electrophoretically by
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SDS-polyacrylamide gel electrophoresis (NUPAGE 4-12% poly-
acrylamide Bis-Tris, Invitrogen, Carlsbad, CA) and transferred to
nitrocellulose (BA83) membranes. Antibodies used in these studies
included: Elovl5 [29] and Elovl6 (# Ab69857, AbCam, Cambridge,
MA). The IRDye 680 and IRDye 800 secondary antibodies were
obtained from LiCor, Inc. (Lincoln, NB). Antigen-antibody reactions
were detected and quantified using LiCor Odyssey scanner and
software.

2.11. Fatty acid elongation assay

Mouse liver microsomes were prepared and used for a fatty acid
elongation assay as described [24,25]. The fatty acyl-CoA substrate
used for this assay was 18:3, n — 6-CoA, a substrate for fatty acid
elongase-5 (Elovl5).

2.12. Statistical analysis

The statistical analysis performed in this work included ANOVA
(one- and two-way) plus post hoc Tukey honestly significant
difference test (http://faculty.vassar.edu/lowry/VassarStats.html).
A p-value < 0.05 was considered statistically different.

3. Results

3.1. Expression levels of enzymes involved in DNL, MUFA and PUFA
synthesis in HepG2 and LnCap cells

The relative abundance of transcripts encoding enzymes
involved in DNL (ACC1, ACC2, FASN), fatty acid elongation
(Elovl1-7) and fatty acid desaturation (FADS1, FADS2 and SCD1)
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was examined in HepG2 and LnCAP cells (Fig. 1S, Supplementary
material). ACC1 is the predominant ACC isoform in both cell types.
The distribution of fatty acid elongases in HepG2 cells is similar to
that seen in rat, mouse and human liver; Elovl5 mRNA is the most
prominent elongase expressed in both cells as well as human and
rodent liver [24,25]. Both FADS1 and SCD1 are well expressed in
both cell types. FADS2, however, is poorly expressed in HepG2 cells
when compared to LnCap cells. This pattern of desaturase
expression is similar to that found in primary rat hepatocytes
(not shown), FADS2, however, is well expressed in rat, mouse and
human liver [29].

3.2. Effect of soraphen A on DNL in HepG2 and LnCap cells

Biochemical and genetic studies have established that soraphen
Ais a potent inhibitor of eukaryote ACC [34-36]. Soraphen A binds
the biotin carboxylase (BC) domain of ACC1 and ACC2 and
interferes with oligomerization of the BC domain. Oligomerization
is required for ACC activity [37,38].

To examine the effect of soraphen A on malonyl CoA and DNL in
HepG2 cells, cells were treated with DMSO (vehicle) or soraphen A
at 100nM for 6 h. Cellular malonyl CoA was extracted and
quantified (Section 2). Soraphen A treatment of HepG2 cells
suppressed malonyl CoA levels by >60% (Fig. 1A). To measure DNL,
HepG2 received [2-4C]-acetate 2 h after beginning soraphen A
treatment (Fig. 1B and C). [2-'C]-Acetate is converted to '“C-
acetyl CoA and serves as a substrate for ACC for DNL and HMG-CoA
synthase-1 for cholesterol synthesis. Total lipids extracted from
cells were fractionated by thin layer chromatography and
quantified for 'C-radioactivity in lipid fractions. Soraphen A
inhibited '“C-acetate assimilation into nearly all lipids containing
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Fig. 1. Effect of soraphen A on cellular malonyl CoA and [2-'4C]-acetate metabolism in HepG2. (A) Measurement of malonyl CoA in HepG2 cells. HepG2 cells were grown to
~90% confluence in 100 mm Petri dishes in DMEM + 10% FBS. Cells were treated with DMSO (0.5%, vehicle for soraphen A] or soraphen A (100 nM) for 6 h, harvested and
extracted for malonyl CoA (Section 2). Results are expressed as Malonyl CoA, pmoles/mg protein; the results are the mean =+ standard deviation (S.D.); n=5; *; p < 0.01, t-test.
(B and C) Effect of soraphen A on de novo lipogenesis in HepG2 cells. HepG2 cells grown in 6 well plates were treated with DMSO (white bars) or soraphen A (100 nM, black bars) for
2 h. prior to adding [2-'4C]-acetate (0.5 p.Ci/well-6 well plate; 4.3 wM; 58 mCi/mmole). Cells were maintained in media containing DMSO or soraphen A for an additional 6 h and
then extracted for total lipids (panel B) or fatty acids (panel C) (Section 2). Total lipid was fractionated by thin layer chromatography & the distribution of C in lipid fractions was
quantified by phosphor image analysis. Lipid standards (cholesterol ester [CE, 18:1, n — 9], triacylglycerol [TAG, triolean], NEFA [18:1, n — 9], cholesterol (Chol), diacylglycerol [DAG,
diolean] and polar lipid [PL, phosphatidyl choline] were obtained from Nu-Chek Prep & Avanti Polar Lipids. Results are expressed as phosphor-image units x10~*mean + SD,n = 3; *,
p < 0.05 DMSO (white bars) versus soraphen A (black bars). Total lipids were saponified and the resulting non-esterified fatty acids were fractionated and quantified by RP-HPLC and
B-scintillation counting. Results are expressed as Distribution of '“C-in fatty acids, CPS (counts/s) mean + SD, n = 3; *, p < 0.05 DMSO (white bars) versus soraphen A (black bars).
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Fig. 2. Effect of soraphen A on palmitate metabolism. HepG2 and LnCap were grown to 80% confluence as described in Section 2 and treated with DMSO or soraphen A
(100 nM) for 2 h prior to addition of '4C-16:0 (50 wM). Cells were maintained in the presence of vehicle (DMSO) or soraphen A (100 nM) for an additional 6 h. After treatment,
cells were extracted for total lipid, saponified and fractionated by RP-HPLC as described in Section 2. Panels A & C illustrate the distribution of 'C in 16:0 and its elongation
and desaturation products in HepG2 cells [A] and LnCap cells [C]. Results are reported as % distribution of '#C in Fatty Acids, mean + SD, n = 4; *, p < 0.05 DMSO (white bars)
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the "C-CPS in [18:0 + 18:1, n — 7 + 18:1, n — 9] and dividing by the sum of '*C-CPS in [16:0 + 16:1, n — 7].

fatty acids, including phospholipids, diacylglycerol, triacylglycerol
and cholesterol esters by >80%. In contrast, soraphen A stimulated
assimilation of “C-acetate into cholesterol, >2-fold.

The distribution of '“C into fatty acids was assessed after total
lipids were saponified and fractionated by RP-HPLC (Fig. 1C). The
fatty acid products of [2-'%C]-acetate labeling were 16:0 >16:1,
n—-7 >18:0=18:1, n—7=18:1, n—-9 > 14:0. At 100 nM, sor-
aphen A inhibited the formation of all products. Palmitate and
16:1,n — 7 were the only products detected, but at very low levels.
This pattern was seen in both HepG2 cells (Fig. 1) and LnCap cells
(not shown) and is similar to results reported by others using ACC
inhibitors [8,13].

Other inhibitors of fatty acid synthesis were examined,
including the FASN inhibitors C75 [32] and orlistat [39]. Based
on studies by others [40], C75 was predicted to augment fatty acid
elongation because of its effects on cellular malonyl CoA content.
While C75 (at 50-200 wM) inhibited DNL (ICsq > 200 wM), C75
had little effect on fatty acid elongation or desaturation (Fig. 2S and
3S, Supplementary material) or FAO (not shown) in HepG2 cells.
When compared to soraphen A, C75 is a weak inhibitor of DNL in
HepG2 cells. Orlistat (at 200 M) had no effect on DNL in HepG2
cells (not shown).

3.3. Effect of soraphen A on palmitate (16:0) metabolism in HepG2
and LnCap cells

The robust inhibition of DNL by soraphen A precludes an
accurate assessment of soraphen A effects on fatty acid elongation
or desaturation. Accordingly, HepG2 and LnCap cells were treated
with 50 wM [1-'C]-16:0 in the absence and presence of soraphen
A for 6 h (Fig. 2). 16:0 was rapidly assimilated into complex lipids
including polar lipids, cholesterol esters, DAG, and TAG; soraphen
A had no effect on the uptake of 4C-16:0 or the distribution of 1C
into complex lipids (not shown). Saponification and RP-HPLC

analysis revealed that [1-!“C]-16:0 was converted to both
elongated and desaturated fatty acids including 16:1, n—7,
18:0, 18:1, n—7 and 18:1, n —9 in both HepG2 (Fig. 2A) and
LnCap (Fig. 2C) cells. The formation of these elongated and
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A) represents the level of Elovl6 protein abundance in HepG2 following infection
with Ad-Luc or Ad-Elovl6. Ad-Luc has no effect on Elovl6 protein abundance; Ad-
Elovl6 infection increases Elovl6 ~3-fold, a value consistent with physiological
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desaturated products is consistent with the gene expression
profiles for Elovl6 and SCD1 in both cells (Fig. 1S, Supplementary
material). Soraphen A (100 nM) inhibited the formation of all
elongated fatty acids, i.e,, 18:0, 18:1, n—7 and 18:1, n — 9, by
>75%. Soraphen A, however, did not inhibit desaturation of 16:0-
16:1, n— 7, a SCD1 catalyzed reaction. While the desaturation
index (Fig. 2B and D) was not significantly affected by soraphen A
treatment, the elongation index was suppressed by 60% in HepG2
cells and >90% in LnCap cells. Soraphen A impaired the capacity of
16:0-treated HepG2 and LnCap cells to form saturated or
unsaturated fatty acids longer than 16-carbons.

In an effort to override this effect, fatty acid elongation was
induced by infecting cells with Ad-Elovl6, an adenovirus expres-
sing fatty acid elongase-6 (Elovl6). Elovl6 is involved in the
elongation of SFA and MUFA [24,25,41]. Infection of HepG2 cells
with Ad-Elovl6 elevated Elovl6 protein abundance ~3-fold
(Fig. 3A). This level of Elovl6 expression is comparable to the fold
change induced in mouse liver following PPARx agonist treatment
[24,25]. Cells with elevated Elovl6 abundance had a 3-fold increase
in the formation of 14C-18:0 from “C-16:0, but had little effect on
the levels of 16:1, n — 7 or the formation of C18:1 (cis-vaccenate
[18:1, n — 7] or oleate [18:1, n — 9]) (Fig. 3B). Treatment of cells
with soraphen A (0.1 wM) abrogated formation of all 18-carbon
fatty acids (C18:0 and C18:1). Under basal (Ad-Luc) or stimulated
(Ad-Elovl6) conditions, soraphen A inhibited the formation of all
18-carbon fatty acids derived from 16-carbon fatty acids, but did
not impair desaturation of 16:0 to form 16:1, n — 7.

3.4. Effects of soraphen A on linoleate (18:2, n — 6) metabolism in
HepG2 and LnCap cells

To determine if soraphen A affects essential fatty acid
metabolism, HepG2 cells were treated with '#C-18:2, n—6
(50 wM) (Fig. 4). Linoleic acid is the predominant essential fatty
acid found in the human and rodent diet. Linoleic acid (18:2,n — 6)
metabolism is very complex and many elongation and desatura-
tion products are formed (Fig. 4A). HepG2 cells take up >90% of
[1-1%C]-18:2, n — 6 from the medium within 6 h. Of the intracellu-
lar '“C-fatty acids recovered, less than 5% was elongated or
desaturated (Fig. 4B). The predominant product of [1-14C]-18:2,

n — 6 metabolism in HepG2 cells was '#C-20:2, n — 6, i.e., 11, 14-
eicosadienoic acid. The identity of 20:2, n — 6 was verified by using
both RP-HPLC and GC methods along with authentic standards
(Section 2). This fatty acid was recently described in studies using
the FADS2 knockout mouse [42]. Poor conversion of 18:2,n — 6 to
20:4, n — 6 can be explained, at least in part, by the low level of
FADS2 expression in HepG2 cells (Fig. 1S). Despite the low level of
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elongation and desaturation in these cells, soraphen A inhibited the
formation of all 20- and 22-carbon PUFA by >90%. Soraphen A,
however, stimulated the formation of 18:3, n—6 by >10-fold
(Fig. 4B).

Elongation of 18:2, n—6 in HepG2 cells was induced by
infecting cells with an Elovl5-expressing adenovirus (Ad-Elovl5).
Elovl5 converts 18:3-CoA to 20:3-CoA as well as 20:4-CoA to
22:4-CoA (Fig. 5A). Ad-Elovl5 infection increased Elovl5
protein abundance by 6-fold (Fig. 5A). Elevated Elovl5 activity
also significantly increased 20:2, n — 6 formation by 3-fold
(Fig. 5B). Soraphen A suppressed the formation of all 20- and 22-
carbon PUFA, but stimulated the formation of 18:3, n — 6 by
2-fold.

In an effort to stimulate 18:2, n — 6 desaturation, HepG2 cells
were infected with adenovirus expressing FADS1 (Ad-FADS1) and
FADS2 (Ad-FADS2) (Fig. 6A). These two desaturases play a major
role in PUFA synthesis (Fig. 4A). The impact of Ad-FADS1 and Ad-
FADS2 on 18:2, n — 6 metabolism in HepG2 cells is shown in the
(Fig. 4S, Supplementary material). The combination of Ad-FADS1
and Ad-FADS2 expression in HepG2 cells was required to
increased 20:4, n — 6 formation by >20-fold. The level of 20:4,
n — 6 formed represents only 10% of the total '“C-fatty acids in
HepG2 cells. Soraphen A essentially abrogated formation of all
20-22 carbon PUFA and stimulated the formation of 18:3,n — 6 by
>10-fold.

In contrast to HepG2 cells, LnCap cells have robust expression of
FADS?2 (Fig. 1S). As expected, >60% of intracellular '“C-labeled fatty
acids are 20:3, n—6, 20:4, n—6 and 22:4, n — 6. Soraphen A
inhibited the formation of all 20 and 22-carbon products and
stimulated the formation of 18:3, n — 6 by >10-fold. The fraction of
14C-fatty acids recovered as 18:2, n — 6 increased because of
inhibited elongation. The outcome of these studies establishes that
soraphen A significantly alters essential fatty acid metabolism and
the accumulation of 18:2, n — 6 metabolites in HepG2 and LnCap
cells.

3.5. Effect of fatty acid elongases and desaturases on fatty acid
oxidation

Infection of HepG2 cells with recombinant adenovirus expres-
sing elongases (Elovl5 and Elovl6) and desaturases (FADS1 and
FADS2) stimulates16:0 and 18:2, n — 6 metabolism by increasing
the formation of elongated and desaturated fatty acids (Fig. 3, 5,6 &
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Fig. 4S, Supplementary material). Elevated expression of Elovl5 and
Elovl6 in HepG2 cells did not impair DNL (Fig. 5S, Supplementary
material). To determine if elevated fatty acid elongase & desaturase
activity stimulated fatty acid oxidation, media from the experi-
ments reported in Figs. 3 and 5 was assayed for fatty acid oxidation
products, as acid soluble material [ASM] (Fig. 7). ASM consists of
14C_labeled ketone bodies, acyl carnitines and citric acid cycle
metabolites derived from the '“C-labeled fatty acids.

Soraphen A treatment increased [3-oxidation ~3-fold following
treatment of cells with [1-'C]-palmitate or [1-'“C]-linoleate
(Fig. 7A and B). Physiologically relevant levels of expression of
Elovl5 or Elovl6 had no apparent effect on [3-oxidation of 16- and
18-carbon fatty acids in the absence or presence of soraphen A.
Elevated elongase expression also did not enhance “C-fatty acid
conversion to *CO, (Fig. 6S, Supplementary material).

In an effort to determine if higher levels of elongase expression
affect 3-oxidation, HepG2 cells were infected with either Ad-Luc or
Ad-Elovl5 up to 200 PFU/ml; cells were treated with [1-14C]-18:2,
n — 6 (Fig. 8). The immunoblot illustrates the effect of increasing
the dose of Ad-Elovl5 on Elovl5 protein abundance in HepG2 cells.
At 100 PFU/cell, Elovl5 protein was induced 30-fold. Elevated
expression of Elovl5 correlated with elevated production of 20:2,
n—6 (Fig. 8B). Measurement of fatty acid oxidation (ASM)
indicates that when compared to Ad-Luc infected cells, the level
of 3-oxidation increased only 2-fold in cells receiving >100 PFU of
Ad-Elovl5 per cell. While supra-physiological levels of Elovl5
expression can induce FAQ, this level of Elovl5 expression is likely
never achieved in vivo.

The effect of Ad-FADS1 plus Ad-FADS2 infection on 18:2,n — 6
oxidation was also examined (Fig. 9). Expression of FADS1 and

FADS2 in HepG2 cells stimulated the conversion of 18:2, n — 6 to
longer, more unsaturated fatty acids. This was associated with a
modest (40%), yet significant increase in FAO. Soraphen A,
however, induced a 3-fold increase in 18:2, n — 6 oxidation.
Stimulation of PUFA synthesis is a weak regulator of FAO, when
compared to inhibition of ACC by soraphen A.

3.6. Dose response of soraphen A on fatty acid synthesis and
elongation

While the inhibitory mechanism of soraphen A on acetyl CoA
carboxylase activity is well established [37,38], it is possible that
soraphen A has a direct effect on fatty acid elongation. To assess
this possibility, we determined if soraphen A inhibited fatty acid
elongation in isolated mouse liver microsomes (Fig. 10A). The fatty
acyl CoA substrate used for this assay was 18:3, n — 6-CoA; 18:3,
n — 6-CoA is a substrate for Elovl5, the predominant elongase
expressed in HepG2 cells (Fig. 1S) and mouse and human liver (2,
41), and the elongase responsible for generating 20:2, n — 6 in
HepG2 cells (Figs. 5 and 8). Hepatic microsomes were pretreated
with soraphen A for 10 min at doses ranging from 0.1 to 10 uM,
prior to initiating the reaction with NADPH. These doses of
soraphen A are equal to or greater than those used in all studies
with HepG2 or LnCap cells. Fatty acid elongase activity was not
affected by soraphen A at any dose (Fig. 10A).

A dose response study was also used to determine if there was a
significant difference in the response of DNL and fatty acid
elongation to soraphen A. HepG2 cells were not infected in any
recombinant adenovirus. Fig. 10B illustrates the effect of soraphen
A on lipid synthesis and fatty acid elongation in HepG2 cells.
[2-14C]-acetate was used to label lipids (fatty acid and cholesterol,
Fig. 1). After treatment and organic extraction, the chloroform-
soluble products were quantified by [3-scintillation counting.
[1-1%C]-18:2, n — 6 was used as a substrate to generate 'C-20:2,
n — 6, an Elovl5 elongation product (Fig. 5); *C-20:2, n — 6 was
quantified by RP-HPLC and (3-scintillation counting. The results of
this study show that the lipid synthesis and fatty acid elongation
are equally sensitive to soraphen A; ICsg ~ 5 nM.

Next, the effect of soraphen A on PUFA metabolism was
assessed in HepG2 cells over-expressing FADS1 and FADS2. This
study examined the dose effect of soraphen A on C-18:2,n — 6
conversion to C20-22 PUFA (Fig. 10C) and 18:3, n — 6 (Fig. 10D).
Soraphen A inhibited the formation of C20-22 PUFA; ICs¢ ~ 5 nM.
Soraphen A stimulated a ~2.7-fold increase in 18:3, n — 6. These
values are identical to the ICsq for the soraphen A inhibition of DNL
and fatty acid elongation (Fig. 10B). Based on these results,
soraphen A does not directly inhibit fatty acid elongase activity,
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Fig. 9. Effect of enhanced PUFA synthesis on FAO in HepG2 cells. HepG2 cells were
infected Ad-Luc or Ad-FADS1 + Ad-FADS2 and treated with DMSO or soraphen A
(100 nM) and 50 wM '“C-linoleate as described in Fig. 6. The media was collected at
the time of cell harvest and assayed for fatty acid oxidation products, ASM, acid
soluble material (Section 2). Results are reported as ASM, nmoles/mg protein,
mean + SD, n=4; *, p<0.05 DMSO versus soraphen A; #, Ad-Luc versus Ad-
FADS1 + Ad-FADS2, Anova-one way.
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with duplicate samples, mean + S.D, n = 4.

but acts indirectly through its robust inhibition of ACC activity. As
such, ACC appears to be the major source of malonyl CoA required
for microsomal fatty acid elongation. This analysis establishes that
DNL, fatty acid elongation and C20-22 PUFA synthesis are equally
sensitive to ACC inhibition by soraphen A, i.e., [C5o ~ 5 nM.

4. Discussion

Our goal in this report was to assess the impact of ACC
inhibition on fatty acid elongation and desaturation in HepG2 and
LnCap cells. The rationale for this analysis is based on the fact that
malonyl CoA is a substrate for DNL and fatty acid elongation [18-
20] and a potent allosteric inhibitor of CPT1 activity and
mitochondrial 3-oxidation (FAO) [15,43]. To date, however, no
study has reported on the impact of ACC inhibition or ablation on
fatty acid elongation. This issue becomes particularly relevant in
light of the role fatty acid elongases play in the generation of the
diverse array of saturated, mono- and polyunsaturated fatty acids
in cells. Changes in fatty acid content of cells have broad effects on
metabolism, cell signaling, gene expression and impact the onset
and progression of chronic diseases.

The increasing obesity epidemic has prompted approaches to
manage the accumulation of neutral lipids in tissues because
elevated neutral lipid storage promotes inflammation and insulin
resistance [44-48]. ACC is an attractive drug target because of its
effects on DNL and FAO [12-14]. In LnCap cells, soraphen A inhibits
cell growth and promotes apoptosis [8]. ACC inhibitors lower
cellular malonyl CoA content and impact cholesterol and fatty acid

metabolism, insulin sensitivity, cell growth and apoptosis
[7,8,13,16,17,49]. Unlike RNAi approaches [50,51], however,
chemical inhibition of ACC rapidly inhibits fatty acid synthesis
(Fig. 1) [13,16]. Soraphen A was chosen for these studies because
the mechanism of soraphen A inhibition of ACC is well defined
[37,38]. The rapidity of soraphen A inhibition on lipid metabolism
minimizes non-specific or adaptive effects brought on by changes
in cell fatty acid composition and cell growth. Recombinant
adenoviral approaches were used to elevate elongase activity in an
effort to assess the impact of this manipulation on DNL and FAO. In
agreement with others [8,13,16], soraphen A inhibited DNL and
stimulates cholesterol synthesis in HepG2 and LnCap cells (Figs. 1
and 2). The new information reported here is: (1) soraphen A
inhibits elongation of products derived from DNL (Figs. 1 and 10),
and exogenous saturated (Figs. 2, 3 and 10) and unsaturated fatty
acids (Figs. 4-6 and 10). DNL, fatty acid elongation and PUFA
synthesis are equally sensitive to soraphen A inhibition,
ICso ~ 5 nM (Fig. 10). Soraphen A, however, has no direct effect
on fatty acid elongation in isolated microsomes (Fig. 10). (2)
Soraphen A augments the accumulation of unsaturated fatty acids
derived from saturated and polyunsaturated fatty acid precursors
(Figs. 3-6 and 10). (3) Elevated expression of fatty acid elongases,
Elovl5 and Elovl6, or fatty acid desaturases (FADS1 and FADS2)
failed to override the inhibitory effect of soraphen A on fatty acid
elongation, or synthesis of C18-22 MUFA or PUFA (Figs. 5 and 6).
These results establish that ACC inhibition not only impacts fatty
acid elongation, but disrupts pathways where both elongases and
desaturases are utilized to generate major MUFA and PUFA found
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in cells. These studies establish a strong link between ACC and SFA,
MUFA and PUFA synthesis through the control of fatty acid
elongase activity.

Based on mRNA analysis, ACC1 is the major ACC subtype
expressed in HepG2 and LnCap cells (Fig. 1S, Supplementary
material). Although soraphen A binds the BC domain of both ACC1
and ACC2 and inhibits ACC activity [37,52], soraphen A likely
targets ACC1 in both cell types. As such, ACC1 is likely the major
source of malonyl CoA for microsomal fatty acid elongation in
HepG2 and LnCap cells. Once ACC1 and ACC2-specific inhibitors
become available, it will be interesting to determine if ACC2
contributes malonyl CoA to fatty acid elongation.

Addition of soraphen A to high fat diets was found to improve
body weight, total body fat, peripheral insulin sensitivity and
plasma glucose, insulin and 3-hydroxybutyrate levels in C57BL/6
mice [7]. These authors did not describe effects on tissue or plasma
PUFA content. Based on our findings, dietary soraphen A or other
ACC inhibitors are predicted to alter tissue and plasma MUFA and
PUFA content. Inhibition of ACC affects PPARx regulated gene
expression [49]. PPAR« is a well established target of fatty acid
regulation [53]. Changes in cellular fatty acid elongases activity
affect cellular fatty acid content which in turn impacts PPARa
activity [29].

The effect of soraphen A on 16- and 18-carbon saturated and
monounsaturated fatty acid synthesis may be beneficial. Soraphen
A inhibits the elongation of fatty acids derived from DNL and
exogenously supplied 16:0 (Figs. 1-3). Inhibition of ACC, however,
does not attenuate the formation of 16:1, n — 7, a stearoyl CoA
desaturation (SCD) product of 16:0. Soraphen A and ablation of
SCD1 have a common effect on cell fatty acid composition; both
treatments lower tissue content of 18:1 (n — 7 and n — 9). SCD1
ablation inhibits hepatic triglyceride accumulation and protects
against diet-induced obesity [26,27]. The soraphen A-induced
accumulation of 16:1, n — 7 in cells is noteworthy because 16:1,
n — 7 was recently reported as a lipokine capable of enhancing
muscle insulin sensitivity [54]. Since soraphen A inhibits elonga-
tion, and not desaturation, chronic use of ACC inhibitors might
inhibit triglyceride synthesis and improve insulin sensitivity.

In contrast, ACC inhibition of PUFA synthesis raises concern
(Figs. 4-6). Soraphen A does not inhibit 18:2, n — 6 desaturation by
FADS2, its blocks the subsequent elongation of 18:3, n — 6 to 20:3,
n — 6 a substrate for FADS1. Soraphen A blocks arachidonic (20:4,
n — 6) synthesis. Since the same enzymes are used for both n — 3
and n — 6 PUFA synthesis, we predict that dietary 18:3, n — 3 will
not be converted to 22:6, n — 3. 20:4, n — 6 and 22:6, n — 3 are

major PUFA that affect multiple cell functions through diverse
mechanisms, including membrane fluidity, cholesterol content
and lipid raft integrity, eicosanoids and docosanoids, cytokine and
adhesion molecule production, as well as controlling several cell
signaling mechanisms and effects on gene expression [53,55]. An
absence of essential fatty acids in the diet (i.e., essential fatty acid
deficiency) or global ablation of a FADS2 leads to major problems
with skin, reproduction, vision and learning [56-58]. Disruption of
PUFA synthesis through inhibition of ACC is likely to significantly
affect multiple physiological systems.

Previous efforts to alter malonyl CoA metabolism involved over
expression of malonyl CoA decarboxylase (MCD) (Fig. 11); elevated
expression of MCD lowers hepatic malonyl CoA by 60%, reverses
hepatic steatosis and improves whole body insulin sensitivity in
high fat-fed mice [59]. Since elevated hepatic Elovl5 activity lowers
hepatic and plasma triglyceride content [29] and lowers plasma
glucose and insulin in high fat fed mice [60], we speculated that
elevated elongase activity in HepG2 cells might induce FAO.
Elevation of Elovl5 and Elovl6 expression in HepG2 cells did not
induce FAO of 16:0 or 18:2, n — 6 (Fig. 7). Supra-physiological
levels of Elovl5 stimulated 18:2, n — 6 elongation to 20:2, n — 6 by
~10-fold and FAO by ~2-fold (Fig. 8). Despite the fact that hepatic
fatty acid elongases are regulated by age, diet and drugs [24,25],
the changes seen in Elovl5 and Elovl6 activity in vivo do not
approach the changes described in Fig. 8. Our results do not
support a role for Elovl5 or Elovl6 in the suppression of cellular
malonyl CoA to levels sufficient to activate FAO. The finding that
elevated FADS2 stimulates both PUFA synthesis and FAO (Fig. 9)
suggests that altered PUFA synthesis might be a factor controlling
hepatic lipid and carbohydrate metabolism. Further study will be
required to define this mechanism.

Finally, HepG2 cells have low FADS2 expression (Fig. 1S,
Supplementary material) and 20:2, n— 6 is the predominant
product of 18:2, n — 6 metabolism (Figs. 4 and 5). Infection of
HepG2 cells with Elovl5 increases 18:2, n — 6 conversion to 20:2,
n — 6. This fatty acid was recently described in studies with the
FADS2 null mouse [42]. LnCap cells, in contrast, express high levels
of FADS2 and generate robust levels of 20:3, n — 6 and 20:4,n — 6
from 18:2, n — 6 metabolism. The paucity of FADS2 activity is not
unique to HepG2 cells. Other hepatoma cell lines (LO2, McA-
RH777) as well as rat primary hepatocytes have low FADS2
expression and FADS2-mediated desaturation [61]. Results with
primary cells and established cell lines contrast with the level of
expression of FADS2 in rat, mouse and human liver [24]. The reason
for the deficient FADS2 expression in hepatoma cell lines and rat

Soraphen A
ICsp ~5nM

De Novo
Lipogenesis

|

FASN

Long Chain
Saturated,

Acetyl-CoA

ACC1 Fatty Acid Monounsaturated
— | Malonyl-CoA Iiy ol
” y ‘ EIongation| &

McD Polyunsatul_'ated
co, Fatty Ac!d
Synthesis
\ 4
Cholesterol CPT1
Synthesis

(FAO)

Mitochondrial
. B-oxidation

Fig. 11. Schematic illustrating effects of soraphen A on lipid metabolism. See text for explanation.



D.B. Jump et al./Biochemical Pharmacology 81 (2011) 649-660 659

primary hepatocytes is unknown. Since Ad-FADS2 infection of
HepG2 cells restores desaturation of 18:2, n — 6, other factors
required for fatty acid desaturation are not limiting (Fig. 6).
Defining the impact of pharmacological regulators of fatty acid
synthesis requires using cells with the capacity for DNL, MUFA and
PUFA synthesis.

In summary, inhibition of ACC activity increases FAO and fatty
acid desaturation, but blocks DNL and fatty acid elongation.
Inhibition of ACC leads to a significant shift in fatty acid
metabolism where SFA and essential fatty acids are desaturated
but not elongated. This impairs the formation of key fatty acids e.g.,
18:1, n—-9, 20:4, n—6 and 22:6, n— 3, and promotes the
accumulation of 16:1, n — 7 and 18:3, n — 6. How such changes
in tissue fatty acid profiles impact cell function remain to be
determined. ACC plays an important role in SFA, MUFA and PUFA
synthesis through mechanism that are independent of its role in
DNL and FAO.
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