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ABSTRACT

The putative peroxisome proliferator-activated receptor (PPAR) a ligand,
conjugated linoleic acid (CLA) induced cytoplasmic lipid droplet (LD) formation in
HAIIE rat hepatoma cells. Currently, the mechanism(s) by which CLA isomers affects
hepatic LD formation is unclear. We have investigated the role of PPARa and fatty acid
(FA) activation in the regulation of hepatic LD formation induced by CLA isomers [cis-
9,trans-11 (c9,t11), trans-10,cis-12 (t10,c12)] and linoleic acid (LA) in an in vitro model
of lipid accumulation. Dose response of ¢9,t11 and t10,c12 CLA isomers as well as LA in
quiescent H4IIE cells was assessed by Oil Red O staining and subsequent quantification
after 24 hours. LD formation was induced by the CLA isomers similar to LA in a dose-
dependent manner. However, treatment with the acyl CoA synthetase (ACS) inhibitor,
triacsin C, resulted in significantly reduced LD formation. A similar reduction in lipid
accumulation was observed with the PPARa activator, Wy14643. Furthermore, CLA
isomers promoted H4IIE viability at 60 uM but decreased viability at a higher dose of
180 uM.

To further understand the role of PPARa in hepatic steatosis, we studied the level
and phosphorylation of PPARa in livers of male lean and fa/fa Zucker rats fed either a
control diet or fa/fa Zucker rats fed a CLA isomer (0.4% wt/wt c9,t11 or 0.4% wt/wt
t10,c12) diet for 8 weeks. Immunoblotting results showed that only the t10,c12 CLA
isomer significantly reduced phospho-PPARa S21 compared to the lean control (In Ctl)

and it was associated with a significant increase in the phosphorylation of p38 mitogen



activated protein kinase (MAPK).These changes were not observed with the ¢9,t11 CLA
isomer.

Taken together, we have shown that CLA isomers directly induce LD formation
in quiescent H4IIEs by activation of the lipid storage pathway which was significantly
reduced by triacsin C or Wy14643. Also, we demonstrate for the first time that only the
t10,c12 CLA isomer significantly reduced PPARa phosphorylation while it increased p38
MAPK phosphorylation. These results indicate that the anti-steatotic effects of the
t10,c12 CLA isomer is associated with changes in PPARa phosphorylation and thereby

its activity in a MAPK-independent manner.
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1. INTRODUCTION

Hepatic steatosis, as defined by accumulation oégxfat in the liver and not
caused by alcohol or other known causes of liveeae, is known as non-alcoholic fatty
liver disease or NAFLD (146). NAFLD is strongly ked with obesity and other
metabolic changes, such as impaired glucose taeramsulin resistance and subsequent
hyperinsulinemia, hypertension and dyslipidemiachitare collectively defined as the
metabolic syndrome (MetS) or Syndrome X (183). prevalence of fatty liver and
related metabolic disorders is rising rapidly wavide.

The most common cause of fatty liver disease ina@ans obesity. In Canada,
fatty liver disease is now becoming evident indtgh, due to an alarming increase in
childhood obesity. According to data available fritta Canadian Liver Foundation, it is
estimated that one in ten Canadian children isvoeight (1). Fatty liver disease affects
3% of normal weight children and 22-53% of obes&lodn and can be found in children
as young as four years of age. According to cumsttistics, more than 50% of Canadian
adults are overweight. It is estimated that 75%l#se individuals are at risk of
developing simple fatty liver or hepatic steat@sisl up to 23% of obese individuals are
at the risk of developing non-alcoholic steatoh#igaiNASH) (1).

NASH represents the more severe end of the specfINAFLD. NASH differs
from the simple accumulation of fat in the liveiah is a completely benign condition,
as inflammation is present. The prevalence of NASE+6% in the general population.

Up to 20% of adults with NASH develop cirrhosis anmto 11% may experience liver-



related deaths. Many individuals develop chroniefifailure and require liver
transplantation as the last resort. The first livansplant in Canada took place in 1970 in
Montreal, Quebec (3) and this procedure has saetives of hundreds of Canadians in
the last several decades. However, in some cagestion of the transplanted liver by

the body can lead to repeat transplants which caar@anywhere from 24 hours to many
years later. Currently, hundreds of Canadians heedtransplants but available organs

are limited.

To date, the underlying molecular mechanism(sjHerdevelopment of fatty liver
is poorly understood. Some of the important paramseissociated with the development
of fatty liver include triglyceride (TG) synthegi®8), fatty acid (FA) uptake, FA
synthesis and TG export in the form of very low-slgnlipoproteins (VLDL) (84).
Imbalance in any of these normal lipid metabolisathprays can result in excess lipids in
the liver. Other causes of fatty liver diseaseudel starvation and protein malnutrition,
long term use of total parenteral nutrition (a fegdprocedure that involves infusing
nutrients directly into the blood stream), inteatinypass surgery for obesity and rapid

weight loss (2).

A series of comparative rat liver perfusion expentins indicated that free fatty
acids (FFAs) are the major source of substratéhtohepatic production of TGs (62).
Excess flux of FFA into the liver contributes tedr impairment in NAFLD but the
mechanism remains unclear. The main products wof §ipnthesis are TGs and, although
a certain amount of lipid storage may even be logpatective, prolonged lipid storage
can result in an activation of inflammatory reanti@nd loss of metabolic competency.

Recently, it was discovered that cytoplasmic ligiidplets (LDs) are dynamic organelles



participating in several important metabolic reaics as well as trafficking and inter-
organellar communication to distribute neutraldgpand phospholipids to various
membrane-bound organelles within the cell (70, 2BBwever, few studies have

highlighted the role of FAs on LD-associated pnasdn fatty liver.

It is noteworthy to mention that exogenously sugbliFAs are activateda acyl
Co-A synthetase (ACS) to their FA acyl-CoAs to barmneled either toward lipid
synthesis and storage or toward oxidation pathwHys.products of ACS activity,
namely, FA acyl-CoAs, can then be metabolized tmfdG, phospholipids and
cholesteryl esters. Muoio et al. (136) reported thacsin C, a selective inhibitor of
ACS, inhibited TG synthesis in hepatocytes fromrid by 70% and in starved rats by
40%. Triacsin C also inhibited the synthesis oflebteryl ester and TG in mouse

peritoneal macrophages, leading to a reductiorDofdrmation (141).

Conjugated linoleic acid (CLA) shares a very simbackbone to oleic acid (both
are 18-carbon FAs) and, therefore, it is absoredircorporated into lipids in a manner
similar to oleic acid (12). CLA isomers have bebown to be incorporated into
membrane phospholipids and alter FA homeostasisld-25, 73, 94, 195). Several
studies have implicated CLA in reducing both ardohate accumulation in
phospholipids and eicosanoid production, and haggested that the physiological
effects of CLA may in part be due to competitionthwlinoleate as substrate fa6

desaturation, the rate-limiting step for arachiderfarmation from linoleate (14-15, 23).

CLA isomers are potent ligands of peroxisome pecdifor activated receptor

(PPAR)« and increase the expression of many P& #dRget genes (134, 232). In



contrast, a study conducted by Peters et al. (h7BPARx null mice showed that genes
coding liver FA oxidation and FA binding were affied by CLA, thus indicating that
CLA can also operatéa a PPAR: independent mode of action. In addition to itsutid-
induced activation, transcriptional activity of PR&is regulated by phosphorylation
mainlyvia extracellular signal regulated kinase (ERK)-mitogetivated protein kinase
(MAPK) (49, 208). However, the isomer-specific eteof the CLA isomersis-
9trans-11 (c9,t11)frans-10cis-12 (t10,c12)] on PPA&phosphorylation remain
unexplored in théa/fa Zucker rat.

There is evidence that a CLA mixture markedly aieed hepatomegaly and
hepatic TG accumulation (139, 150) with improveetifunction [lower serum alanine
aminotransferase (ALT) and alkaline phosphatagef 8 weeks irfia/fa Zucker rats. A
recent study from our lab has shown that the aaststic effects of the t10,c12 CLA
isomer in obesé/fa Zucker rats were associated with a significantese in hepatic
adipophilin level, and reduced LD size in the |i{204).

Currently, there is no medication proven to effeslly treat fatty liver disease.
This societal burden of steatosis warrants the f@eehhanced understanding of cellular
mechanisms relevant to the progression of fatgrland has raised a lot of interest in the
scientific community. Therefore, the developmeneéfitacious therapeutic interventions
to reverse or attenuate development of this disisasiprimary concern. The focus of
this thesis is to study the role of CLA isomersdkerapeutic treatment for fatty liver or
hepatic steatosis and delineate potential mecharisonsing on two key players of

hepatic lipid metabolism, namely, ACS and PRAR



1.1 Study Rationale

In the pathogenesis of NAFLD, accumulation of Igpid hepatocytes and reduced
hepatocyte viability are strongly implicated inehAse progression from the potentially
reversible condition of steatosis to severe acatechronic liver injury (184). To date,
the triggers of fatty liver and the molecular magkes by which it relates to FA
metabolism and signaling molecules are incomplatatjerstood. Hepatic lipid
overloading mainly in the form of TGs is consideeegrerequisite for the development
of NAFLD (113, 169). Previous evidence from our ks shown that the t10,c12 CLA
isomer reduced liver lipid content and inflammatiand improved liver function (150,
205). However, CLA isomers induced LD formatiorHAIIE rat hepatoma cells (205).
Currently, mechanisms by which CLA isomers affebtformation remain unclear.

A recent study provided evidence that steatosasseciated with ACSS5 up-
regulation in primary human hepatocellular carciaqidepG2) cells and human steatotic
liver (184). Another important group of moleculardets for the treatment of fatty liver
and fatty liver associated metabolic abnormaliseBPARy, primarily due to its
regulation of genes involved in FA oxidation (970) Transcriptional activity of
PPARu is regulated by phosphorylatiera the MAPK pathway (49, 208), but the effects
of CLA isomers on PPA&phosphorylation remain unexplored in tada Zucker rats.
The cytotoxicity of CLA isomers, particulary thedtt12 isomer, has been previously
reported for rat hepatomas, however, no directtinkD formation was shown (247).
Use of rat H4lIE hepatoma cells can thus be a du@ol in elucidating a mechanism

for the direct effects of CLA isomers on hepatic tddmation and hepatocyte viability.



1.2 Statement of Hypotheses

1. CLAisomers (c9,t11 or t10,c12) induce LD formatioa ACS which is
prevented by triacsin C or Wy14643.

2. Increased LD formation by CLA isomers reduces H4HEhepatoma
viability.

3. The anti-steatotic effect of t10,c12 CLA isomeplesda/fa Zucker rats is
associated with increased PPAphosphorylatiorvia the MAPK signal

transduction pathway.



1.3

Aims of the Study

Aim 1: To study the dose response of CLA isomers (c9,t21®c12) and

linoleic acid (LA) on lipid accumulation and H4lat hepatoma viability.

Aim 2: To study the effect of the ACS inhibitor, triac€non lipid accumulation

in response to CLA treatment in H4IIE cells.

Aim 3: To determine the effect of Wy14643, a potent PRABonist, on H4lIE

viability in response to treatment with CLA isomers_A.

Aim 4: To determine the effects of 8 week dietary suppteaton with CLA
isomers on the expression and phosphorylation 8R%Hn the livers of male

fa/fa Zucker rats.



1.4 Anticipated Significance

This will be the first study to investigate thenser-specific effects of CLA on
cell viability relative to LD formation in quiesceR4IIE hepatoma cells. This study will
also focus on the mechanism of LD formation andhligét the potential roles of ACS
and PPAR. This will also be the first study to assess swerier-specific effects of
dietary CLA on the phosphorylation of PPAR the livers of obese and insulin resistant
fa/fa Zucker rats. Therefore, results from these studitdhelp to determine the
importance of PPARand ACS in fatty liver and/or LD formation and seljuent effects

on hepatocyte viability as a direct or indireceetfof CLA isomers.



2. REVIEW OF LITERATURE

2.1 Non-Alcoholic Fatty Liver Disease (NAFLD)

Steatosis is the process of abnormal retentioipiofsl mainly in the form of TGs
within a cell. The risk factors associated withasdsis are varied, and include diabetes
mellitus (10), hypertension (22) and obesity (1®R)ch collectively constitutes a

condition known as the metabolic syndrome (MetS$ymdrome X (183).

In the absence of alcohol consumption or any dthewn causes of liver disease
(hepatitis B or C, toxic or autoimmune liver diseasemochromatosis, Wilson’s disease,
hypobetalipoproteinemia), hepatic steatosis, ase@foy accumulation of excess fat in
the liver (>5-10% fat as determined by histologyknown as NAFLD (146). The Dallas
Heart Study reported that liver fat of 5.6% (55.¢ of TG/g of liver tissue) is the upper
limit of normal in healthy non-obese subjects (n5)3#h the absence of excessive alcohol

consumption, liver disease or diabetes and witmabserum ALT levels (206)

2.1.1 Prevalence and Significance

The incidence of NAFLD and obesity are closely édkIn one study, about 75%
of obese subjects were estimated to have NAFLDen20B6 developed NASH, which is
defined as fatty liver disease with inflammatioB)5The overall morbidity risk of an

individual is increased by excess accumulatiorabfrf adipose tissue, liver and other



organs due to increased predisposition of the iddal to the development of metabolic
abnormalities.

Considerable variation is observed for the estiomatif NAFLD prevalence
depending on the methods and population studied KBRvever, it is the most common
cause of increased serum aminotransferase adiuiiarkers for liver injury (33). In the
population-based Dallas Heart Study, about 30-38Bfests (Caucasian, African
American and Hispanic) had hepatic steatosis wiven fat was measured Bii-
magnetic resonance spectroscopy (MRS) (206). Gbasd type 2 diabetes mellitus
(T2DM) further increased the prevalence of NAFLD. (8terestingly, several studies
have shown that NAFLD can be used to predict casdioular disease (CVD) and T2DM
independent of obesity (102, 212). Histologicallgsia of liver biopsies from morbidly
obese patients undergoing bariatric surgery shahetd86% had steatosis, 24% had
NASH, and 2% were cirrhotic (125). Most of the ®db§ (~79%) with NAFLD have
normal ALT, thus suggesting a normal serum ALT\afstidoes not exclude steatosis

(24).

Simple steatosis can progress into more seriousH\ih mild to moderate
fibrosis (38), as characterized by lobular inflantisraand hepatocellular ballooning in
addition to steatosis. A biopsy may be requireddiagnosis of NASH (8). Over a period
of 15 years, ~5-15% of these individuals can dgvsekvere fibrosis, of which up to
~10% will develop cirrhosis and thus have a greas&rof developing hepatocellular

carcinoma (9).

10



2.1.2 Sources and Composition of Intrahepatic Triglyceride (TG)

Excess fat is primarily stored in adipose tissuthenform of TGs since the
adipocytes are specifically designed to store gnédpesity is associated with excess
deposition of fat in the liver and is consideredaor risk factor for the development of
fatty liver diseases. Lipid peroxidation, cytokireesd other pro-inflammatory compounds
have also been implicated in steatosis and itsrpssgon to steatohepatitis (56).

Frayn et. al (58) showed that the hepatic uptakeF#s and secretion of lipids in
the form of VLDL depends on the nutritional stdtethe fasting as well as in
postprandial stat&le novo hepatic lipogenesis contributes very little to iea-
hepatocellular TG in normal subjects (13). The magurce of intra-hepatocellular TG
during fasting is FA delivered to the liver in tfeem of VLDL-remnants and FFA from
intravascular lipolysis in peripheral tissues (69). In the postprandial state, adipose
tissue lipolysis contributes the majority (~45%)F# used for hepatic VLDL synthesis
even though it is suppressed by insulin (13). Hewveexcess amounts of both glucose
and VLDL are produced by the insulin resistantyféitter in NAFLD (191) resulting in

hyperglycemia and hypertriglyceridemia (6, 197).

A recent study in normal subjects reported the dhynaole of hepatic lipid stores
using®*C-labeled FA in a lipid mixture (ingested alonglwitormal breakfast) and
showed that labeled FA reached peak incorporatidgrepatic TG stores after 6 hours
when measured with MRS (182). Also, in markedlyahohally obese subjects,
splanchnic lipolysis accounts for only about 30% epatic FA delivery, and the main
source of intrahepatocellular FA appears to origimaainly from the peripheral tissues

(148).

11



Obesity is associated with hepatic insulin resistaand liver fat, and several
studies have reported variations in liver fat caht any given body mass index (BMI)
or waist circumference (101, 250). A recent studiiealthy subjects overfed a fast food-
based diet for 4 weeks reported ~9% weight gair3-f@d increase in liver fat content
and a 4-5-fold increase in serum ALT activity (93).

Liver fat content is elevated with increased intakéat, particularly saturated fat
(174, 218), and decreased with weight loss (118) With the decrease in hepatic TG
being relatively faster and greater compared terasftes in the body (218). A recent
study on the FA composition of intrahepatocelldiér reported increased amounts of
saturated FA (SFA) and decreased amounts of uasatuFA (UFA) in fatty livers
(100). Interestingly, the main products of lipichHyesis are TGs and the FA residues in
TGs are primarily composed of UFAs (178).

Recent studies have shown that fats are not tleepsayers in fatty liver
development. Excess consumption of carbohydrateslsa been found to be associated
with insulin resistance, hypertriglyceridemia andreasedle novo lipogenesis in
humans (55, 77). Consumption of carbohydrates, aadhuctose, stimulates hepade
novo lipogenesis more than glucose in normal subjd@&8)( These data show that
increased consumption of refined sugars, suchuatoe, could play a major role in the
development of fatty liver and associated MetS.

In addition to the acquired causes of NAFLD, genftctors have also been
recently suggested to contribute to NAFLD basedesults from family studies (238)

and studies comparing different ethnic groups (Z2).
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2.1.3 Key Players in NAFLD

Disturbances in lipid metabolism are one of theaneguses of NAFLD. The
adipocytes are specifically designed to store gnangl accommodate excess fat as TGs
in the form of large or small LDs. ACS catalyzes #ttivation of FAs to acyl-CoA
esters, which are metabolised either toward ligittsesis and storage (mainly as TGs) or
toward oxidation pathways (131). PPARs constitusalaset of nuclear receptors that
function as intracellular sensors for cholesteretaholites, FFAs, and a range of other
lipophilic molecules (66). PPARs are ligand-actadatranscription factors that
subsequently bind to regulatory regions in targeieg, thereby modulating their
expression (20, 227). PPARs have been relatedthmtloccurrence or progression of
NASH (210). These receptors are attractive thettap#argets for the treatment of

disorders of lipid metabolism (20, 66).

I. Role of Lipid Droplet (LD) Formation in NAFLD

Cytoplasmic LDs were considered to be inert ordaselhich store neutral lipids
in the form of TGs for use as an energy source. él@w through proteomic studies, it is
now known that LDs are metabolically active struetuthat play major roles in lipid
transport, sorting, and signaling cascades. Inquéat, LDs maintain a dynamic
communication with the endoplasmic reticulum (ERJ ¢he plasma membraria
sphingolipid-enriched domains of the plasma menrahe lipid rafts. These
microdomains frequently harbor receptor tyrosimeakes and other signaling molecules

and connect extracellular events with intracellsignaling cascades (70, 255).
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Steatosis may occur in conjunction with other meliatabnormalities such as
insulin resistance in patients with chronic hepaft virus (HCV) infection. The
pathogenic mechanisms involved in HCV-induced hepd¢atosis are mediated by the
HCV core protein, whose expression is associatéad M accumulation, changes in
lipogenic gene expression and/or the activity pddjenic proteins, and effects on
mitochondrial oxidative function (144). The impaorta of genes such as PPAR
(discussed in section 2.1.3-iii) in HCV-mediategladbsis has been elucidated in mice
(144).

Although many studies have shed light on the gesgphysiology and the
cellular mechanisms of fat accumulation, furthedenstanding of LD biology could
indicate potential therapeutic targets to prevemeduce the accumulation of LDs and
alleviate disease conditions such as fatty liveedses.

Biogenesis of the LD

LD biogenesis was originally thought to oceat accumulation of neutral lipids
within the ER membrane bilayer. Eventually, the iatured by budding, resulting in a
lipid core that was enclosed by a protein-contgmhospholipid monolayer. However, a
recent study by Robenek et al. (187) contradidtegirtotion by employing freeze-
fracture replica immunogold labelling (FRIL), aretiron microscopic technique, and
demonstrating that LDs appear to develop extermadlf£ER membranes at specialized
sites where the lipid gets enwrapped by the ERnately ending up in a phospholipid
monolayer membrane. The facing leaflets of the ERibrane and droplet surface are
enriched in adipophilin. This group also demonsttahat the perilipin/ADRP/TIP47

(PAT) family proteins (discussed in the followingcsion) are not only located at the
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surface of the LD but can occur throughout the lobecand are also present in the
plasma membrane.
Structure and LD-associated proteins (PAT proteins)

In non-adipocytes, LDs are small, mobile and irdevéth other cellular
organelles, such as the mitochondria and the pssmes (255). In contrast, adipocytes
primarily contain very large and immotile LDs, segting that the morphological
differences between LDs in adipocytes and non-agigs must be due to different
interactions of LDs with other organelles in diéfat cell types. Murphy et al. (138) have
highlighted the complexity of LD interactions, whican be both homotypic (LD-LD)
and heterotypic (LD-other organelles) in both adiyies and non-adipocytes. Digel et al.
(47) reported the heterogeneity of LDs within agiencell with a focus on microscopy,
especially live cell imaging. LDs are also heterugmis in size, location and protein
content. The proteins that coat LDs change duriddlogenesis and are dependent upon
the cell’s metabolic state (52).

The PAT family proteins are involved in the acavatand mobilization of lipids
(216). In mammals, five members of the PAT protamily have been identified, and
these include perilipin, ADRP or adipophilin, taiteracting protein of 47 kDa (TIP47),
S3-12 and OXPAT/myocardial LD protein/lipid-storagdy@plet protein 5 (18, 52, 114,
167, 241). All PAT proteins bind intracellular LDsither constitutively or in response to
metabolic stimuli, such as increased lipid fluxoior out of LDs. PAT proteins are
structurally related and regulate the access at#p to the lipid esters present in the LD
core (114). Lipolysis in adipocytes is stimulatsdtie translocation of hormone-

sensitive lipase (HSL) from the cytosol to the aaef of the intracellular LD, which is
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coated with perilipin (115). PAT proteins are imgamit in the regulation of cellular lipid
metabolism both in mammals and in model organisi8} (

When energy is required, the stored TGs in LDshgoolyzedvia activation of
lipolytic pathways that govern the release of stdféds from the adipocyte TG pool
which constitutes the major energy reserve in alsinfde released FAs are then
transported by serum albumin to various tissugsduide energy.

Very little is understood about how mammals pacKagevithin cells. PAT
proteins play important roles in packaging fat ibhi@s and regulate the coordination of
lipid storage and utilization. The two major PATofmins (perilipin and adipophilin)
constitutively associate with LDs and play impottaoies in sustained fat storage and
regulation of lipolysis (241). However, during rdgat storage, nascent LDs are coated
with other PAT family proteins such as TIP47, S3ah?2l OXPAT/MLDP/PAT-1 (241).
FA pathways in the liver

FAs in the liver can enter a catabolic or a biokgtit pathway by being directed
for oxidation, TG storage, phospholipid syntheketpne body formation, or they can be
secreted from the liver in the form of VLDL. Undegyperinsulinemic and
normoglycemic conditions, insulin decreases apgliptein B (apoB)-100 and VLDL-
TG production in normal subjects (90, 121) by disegpression of apoB-100 synthesis
and VLDL assembly. In addition, insulin also sugses the hepatic uptake of FA&

its antilipolytic effect (68, 78, 112).
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il. Acyl-CoA synthetase (ACS)

Enhanced lipogenesis appears as a major abnorrahgpatic fatty metabolism
in subjects with NAFLD. Thus, decreasing hepapodjenesis may help to reduce
hepatic TG synthesis and content in such pati&as (

ACSs activate FAs for intracellular metabolism ame involved in the regulation
of FA uptake. The intracellular utilization of lopain FAs may be subdivided into

three steps:

a. uptake across the plasma membrane
b. activation by esterification with coenzyme A, and
C. subsequent metabolism.

ACS enzymes are essential tiernovo lipid synthesis, FA catabolism and
membrane remodeling. The length of the carbon abfihe FA species defines the
substrate specificity for the five different ACSzgmes (which were characterized on
this basis). Mammalian ACSs activate FAs with usimain lengths of 12 to 20 carbon
atoms.

The ACS isoforms differ in their subcellular lo@ati Using non-cross-reacting
ACS1, ACS4, and ACS5 peptide antibodies, Lewin.gtld 1) showed that ACS4 was
the only ACS isoform present in peroxisomes anghitochondria-associated membrane
fractions isolated from livers of gemfibrozil-tredtrats and associated with TG
synthesis. ACS1 was present in ER fractions and5A@&s present in mitochondrial
fractions.

A recent study provided evidence that hepatocwyatssis is associated with

ACSS5 up-regulation in primary human hepatocytequ®cells and human steatotic
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liver and the authors proposed that ACS5 could ptaymportant role in fatty liver-
related disorders (184). The predominant pathwary&As include their storage,
membrane biosynthesis or conversion to energy. B@Ssential for both oxidation and
esterification of FAs. However, the molecular megba of FA activation and
subsequent channeling toward one particular matapathway is not well understood.
Vanden Heuvel et al. (225) showed that ACS actimisg reduced significantly
by perfluorodecanoic acid (PFDA), a potent peraxisgroliferator, in rat liver
mitochondria and microsomes. The inhibition of ABBSPFDA was similar in liver
mitochondria and microsome preparations. PRARtvators such as fibrates have been
reported to induce ACS mRNA levels in liver or pigose tissue which was associated
with a concomitant increase in FA uptake (127).sEhéata suggest that the
hypolipidemic effect of peroxisome proliferatorsyriee potentially mediated by the

ACS enzyme resulting in increased FA oxidation gettliced TGs.

iii. Peroxisome Proliferator Activated Receptors (PPARS)

PPARs belong to the nuclear receptor superfamiiytearve been identified in a
wide range of species, and include numerous celtataptors for nutrients and steroids
(224). PPARs are activated by a variety of ligathdd regulate the transcription of genes
involved in a number of biological processes, idotg lipid and glucose metabolism,
and overall energy homeostasis (26-27, 57, 224neSaf the endogenous ligands of
PPARs are FAs and eicosanoids (36, 67). PPAR agdmase been widely used for the

treatment of dyslipidemia (fibrates) and insulisistéance (thiazolidinedione or TZDs)
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(57). Therefore, PPARSs serve as an important gobupolecular targets for the
treatment of fatty liver and fatty liver associatadtabolic abnormalities.

PPARs play an important role in the regulation reérgy metabolism (124) and
share a common molecular structure and mechaniswtioin (46). Following their
activation by specific ligands, PPARs heterodimenath the nuclear receptor retinoid X
receptor (RXR) and subsequently bind to specificADBsponse elements called
peroxisome proliferator response elements (PPRa}da in the promoter or in intronic
regions of PPAR target genes (75, 79, 124, 142pnUigand binding to PPARS, co-
activators are recruited and co-repressors aredasd. This leads to chromatin
remodeling which permits the initiation of genenseription (20, 203).

The three PPAR isoforms identified so far inclut®\Ra, PPAR3/6 and PPAR
(46, 248). Each PPAR isoform governs the expressi@gpecific target genes in a tissue-
specific manner that ultimately displays ligandfeity.

PPARa

PPARu is highly expressed in metabolically active tissureeluding liver, muscle
and brown adipose tissue. In the liver, PleAfRays a pivotal role in numerous processes
including gluconeogenesis and lipid metabolism J1PPARy is an important regulator
of hepatic nutrient metabolism including FA oxideti(peroxisomal and mitochondrial),
FA uptake, amino acid metabolism, glycerol metam]iand lipoprotein assembly and
transport (96, 124, 165). An anti-obesity role RRRARu is well supported by several
studies in rodents administered synthetic PRABonists (71, 123, 226).

PPARy mediates the effects of hypolipidemic fibrate drughich decrease

plasma TGs and increase plasma HDL concentrati6(@). PPAR activation up-
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regulates genes involved in FA oxidation pathways iacreases hepatic uptake and
esterification of FFAs (59). Murakami et al. (13@licated a protective effect of PPAR
agonism against abnormal lipid metabolism in therlof obese Zuckda/fa rats. Thus
PPARu is a key regulator of lipid homeostasis in hepgies and is a target for not only
the hypolipidemic drugs but also FAs (240).

PPARu can exist in a phosphorylated form, and its phosgation is increased
by ciprofibrate in Fao cells (106). However, relaty little is known about the specific
signaling pathways through which it operates. Idi#eh to its ligand-induced activation,
PPARu is regulated by ubiquitination (176) and phosplairgn via ERK-MAPK,
protein kinase A (PKA) and protein kinase C (PK@)(

Diradourian et al. (49) showed that anisomycin3& activator, induced a dose-
dependent phosphorylation of PPARNd a 50% inhibition of its transcriptional actyvi
in COS-7 cells. Anisomycin-induced p38 phosphoigtatiecreased both endogenous
and PPAR ligand-enhanced hepatic carnitine-palmitoyl trars$e | (CPTI) and acyl
CoA oxidase (ACOX) gene expression in H4IIE hepaa®lls (49). Paumelle et al.
(168) reported that simvastatin inhibited RKi@activation of PPAR transrepression
activity by inhibition of PPAR phosphorylation. However, dehydroepiandrosterone
(DHEA) regulates PPA&action by inducing PPARMRNA and protein levels as well
as increasing PPARtranscriptional activity through decreased receptmsphorylation
at serines in the activating factor (AF) 1 regig08). They demonstrated that the serines
at positions 12 and 21 were rapidly dephosphorglateon treatment of HepG2 with

DHEA and nafenopin. Mutation of serines at posi#ri2, and 21 to an uncharged
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alanine residue significantly increased transaipdi activity, whereas mutation to
negatively charged aspartate residues (represephiogphorylation) reduced it.
PPARB/5

While PPARy and PPAR have been extensively studied over many yearshmuc
less is known about the function of the PPBARSsotype. Studies with genetically
modified PPAR/5 mice have illustrated the importance of this nackeceptor in white
adipose tissue and skeletal muscle, two organsthet a key role in glucose
homeostasis (134, 211, 230-231). It was showndattatation of PPAIR/S in adipose
tissue protects against adiposity and hyperlipidenyiinducing FA catabolism (231).

PPARB/S is expressed ubiquitiously and has been implicetedvariety of
cellular processes ranging from regulation of FAdakon and inflammation to wound
healing in skin (117). However, within the live?RRB/5 has been found to be
differentially expressed in different cell typeshvihe highest levels reportedly found in
hepatic endothelial cells (81).
PPARy

PPARy serves as the molecular target for an importagscdf anti-diabetic
drugs, the TZDs, and is activated by polyunsatdr&i&es (PUFAs) and FA-derived
molecules. PPARexpression is highest in adipose tissues wheiays an important
role in the process of cell differentiation and @sdion of the adipocyte phenotype (103,
189). Most of the target genes of PPA&e involved in adipogenesis and lipogenesis,
including FA binding protein 4, glucose transpoftet.UT)-4, glycerol 3-phosphate
dehydrogenase, lipoprotein lipase (LPL) and glyckirase (109). PPARactivation by

TZDs effectively lowers plasma glucose levels byrpoting insulin responsiveness in
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tissues, thereby stimulating glucose uptake. Iemt&l TZDs also reduce plasma FFA
concentrations (152, 209).

Several studies have shown that the expressiapagénic and adipogenic genes
such as sterol regulatory element binding protSREBP), ADRP and PPARare
strongly up-regulated in steatotic livers (133, 1%4igh fat diets up-regulated PPAR
the hepatic tissue of PPAR mice and increased the expression of adipocyté&ersr

which may be a contributing factor to the developtrad fatty liver (166).

2.2 Conjugated Linoleic Acid (CLA)

2.2.1 Source and Synthesis

CLA consists of several conjugated and stereois@mariations of LA €is, cis-
A9,12-octadecadienic acid) with a unique spatiaicstire and distinct biological
functions. The ¢9,t11 and t10,c12 isomers are tbgt mvell-studied CLA isomers
because of their unique physiological effects (157)

Source

CLA can be found naturally in ruminant products;tsas milk, cheese and beef
(72, 164, 196), and exists predominantly (80-90%%t11 isomer, which is also known
as rumenic acid (119, 129, 164).

Some of the dietary supplements contain a 50:5@um&of the ¢9,t11- and
t10,c12-CLA isomers and are now readily availabléhe market (105). However,
specific benefits for humans appear to be relatiselall and conflicting. Therefore,
further investigations are still required to confithe presence or absence of any
detrimental effects in humans.
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Synthesis

Kay et al. (92) have shown that the endogenousegid is responsible for more
than 91% of the ¢9,t11-CLA isomer found in milk édtcows fed fresh pasture. In
ruminants, CLA is either absorbed or further meliabd to vaccenic acidrans-11-
octadecenoic acid) (95) in the gut, which can keragonverted by the enzym®
desaturase back to the ¢9,t11-CLA isoform (157).175

CLA can also be chemically synthesized by severthods (21, 44-45). CLA
food supplements are currently synthesized by ia&asomerization of LA enriched
vegetable oils such as safflower and sunflowead are mostly available in a 1:1 ratio

of ¢9,t11- and t10,c12-CLA isomeric mixture (12942

2.2.2 Physiological Effects

A mixture of CLA isomers was shown to prevent cancean experiment with
fried ground beef conducted in mice that were claltyi treated to induce epidermal
neoplasia (72). This initial discovery of the agdircinogenic property of the isomeric
mixtures of CLA ignited a considerable amount cle@ch4, 157)

Several experiments have reported that CLA isomemsixtures have beneficial
effects against obesity, diabetes, insulin restsahepatic steatosis, atherosclerosis and
cancelin vivo andin vitro. Variations on some of these effects have alsa begorted
between species, and also between the c9,t11 Ared PICLA isomers with the t10,c12
CLA isomer apparently responsible for changes iytmomposition and adipocyte

morphology (34, 39, 54, 76, 157, 162).
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A brief synopsis of some of the physiological efseaf CLA is provided below

with a specific focus on NAFLD.

I. Obesity and Insulin-Resistance

Park et al. (161) first observed the delipidatiffects of a CLA mixture in the
ICR line of mice where a CLA-supplemented diet .€orn oil plus 0.5% CLA)
produced about a 60% decrease in body fat aftertéoiive weeks of feeding. Several
studies have reported the body fat lowering eféé¢he t10,c12 CLA isomer in several
species, including mice, rats, chickens, pigs amddns (82, 158). Dietary CLA mixtures
have been reported to reduce adiposity in Spragqueldy and Zucker rats (11, 200,
247). However, the opposite effect was observaabase Zucker rats fed 0.5% dietary
CLA (200). Several studies in swine have reported CLA mixtures decreased fat
deposition and increased lean tissue (155-156,235, The t10,c12 CLA isomer
significantly reduced adipose tissue mass but dicsignificantly increase fat
accumulation in liver or muscle, potentially confing observations in earlier
experiments that CLA increases energy expenditumeice (43, 91, 235-236).

Thefal/fa Zucker rat has a mutation in the leptin receptat ia considered a
model for the metabolic syndrome since it is mdsbabese as well as insulin resistant.
Noto et al. (149) observed an improvement in olat@se tolerance and higher adipose
GLUT-4 mRNA levels when 6 week ofd/fa Zucker rats were fed a 50:50 mixture of
CLA for 8 weeks, but there was no decrease in beeight. Studies involving this
animal model have shown the isomer-specific effeEGLA with the t10,c12 CLA

isomer being responsible for inducing weight lasgroving muscle glucose transport
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and decreasing fasting glucose and insulin le&8% However, no changes in body
weight, adiposity, muscle glucose or insulin lewgése observed with the c9,t11 CLA
isomer (80). Noto et al. (151) observed signifibatdrger adipocytes in thia/fa control
rats than those fed the t10,c12 CLA isomer sugggstn improvement in adipocyte
function or an improved ability to mobilize storkgoids.

The effect of CLA on body composition changes imhuas remains unclear.
Most of the research in humans has shown that GbAers do not have a significant
effect on body weight (105, 122, 214). A CLA mixtueduced body fat mass but had no
effect on BMI in a randomized double-blind triaing 60 overweight or obese people
(19). The same study also reported that no additiefiect on body fat mass is achieved
with doses > 3.4 g CLA per day. Similar effects @ebserved in other human trials
(186, 202, 217).

Krieder et al. (104) evaluated the effects of sappntation with a CLA mixture
on body composition in 24 resistance trained m@le&8 days. No significant
differences were reported in this short term stadjpough trends for improved strength
and performance were reported for the CLA grougerestingly, the loss of body fat
induced by CLA mixture is 40-50% greater in miced tkets containing 0.5-1% CLA as
compared to that observed in humans (214). Théfsgatices may be attributed to the
duration, dose of CLA, and age of species. Gengrstilildies in mice are conducted with
a much higher dose than humans, and mostly invgre@ing animals. Further
investigation in humans with higher dose and lortyegation will be needed to

understand the role of CLA in humans (143).
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ii. Diabetes

A CLA mixture was shown to improve hyperinsulineraiad normalize glucose
tolerance in Zucker diabetfe/fa (ZDF) rats (83), a finding that was later confidrizy
Ryder et al. (190) who reported improved insulimstated glucose tolerance and
glycogen synthase activity in the soleus musclf rats. They also showed that these
effects were predominantly exerted by the t10,clLZ Gomer (190). Several studies
have also confirmed these resultsafia Zucker rats and suggested that the t10,c12 CLA
isomer exerts its anti-diabetogenic effects throagbduction in oxidative stress and
muscle lipid levels (80, 213).

Nagao et al. (140) showed that severe hyperinsuimen ZDF rats was
attenuated with a CLA mixture and that this respomas associated with an enhanced
level of plasma adiponectin and improved insulinsgi#gvity. In contrast, several studies
have shown that t10,c12 CLA supplementation leadsdulin resistance in mice (34, 42,
188, 223) and humans (185-186), which may be ateibto a decrease in plasma leptin
levels (230) or an increase in TG levels in thectag14). These results show opposite
effects of CLA in mice and humans compared to thexeby emphasizing the
importance of species-specific differences assediaith the supplementation of CLA in

diabetes.

iii. Atherosclerosis
Lee et al. (107) found that a CLA mixture (0.5 gAZtabbit per day) had anti-
atherosclerotic effects in rabbits based on a dsera total and LDL cholesterol and

TGs, as well as decreased atherosclerotic plagteeiaorta. Similar results were
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reported in hamsters with diet-induced hyperchelestmia where a CLA mixture
reduced total plasma cholesterol (147, 239). Howewree study in hamsters fed a diet
supplemented with either both isomers (c9,t11 46¢ci2 CLA) or pure c9,t11 CLA
found a reduction in plasma lipids with the mixedmers only (65). In contrast, a dietary
CLA mixture was reported to increase aortic fattgak formation in C57BL/6mice

(135).

In humans, no differences were observed in plagglgtegation, thrombosis,
plasma cholesterol, LDLs or TGs with a CLA mixtuméervention (16-17). Interestingly,
a study showed that both the CLA isomers (c9,t1tl@yxc12) have an effect on human
platelet aggregation and suggested that CLA isofmere anti-thrombotic properties
(221). Subsequently, Toomey et al. (220) showetagetary CLA mixture prevented
the development of lesions and caused their reigressapolipoprotein E (apoE) null

mice with pre-established atherosclerotic lesions.

Iv. Cancer

Ha et al. (72) have contributed immensely on the@arcinogenic effects of
isomeric mixtures of CLA with their experimentsammouse model treated with 7,12-
dimethylbenzf]anthracene to induce epidermal neoplasia. Theysilswed that CLA
mixtures inhibited mutagenesis in bacteria. Theigrater reported that CLA mixtures
had antioxidant properties and inhibited tumorigésne the forestomach of mice (73).

The c9,t11-CLA isomer was predominantly involvedhe anti-carcinogenic
effect, since it was the only isomer present iedignd mammary tumor extracts (87).

Several studies have indicated that CLA may exedrti-carcinogenic effects by
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regulating the cell cycle (25, 88, 120) and apoptoathway (89, 153-154, 159-160). In
contrast, some experiments did not observe anycantinogenic effect (173, 242). As

such, the use of CLA in cancer therapy should bhéu investigated.

V. NAFLD

CLA supplementation produces markedly differenpoeses in the liver of rats
and mice. In mice, the t10,c12-CLA isomer predomilyaexerts steatotic effects and
increases the mass of the liver up to four timés 84, 40, 94, 223). A study in mice
attributed this to an increase in liver TG, chaest, cholesterol esters and FFAs (94). In
contrast, CLA mixtures have been shown to decrkapatic TG accumulation in the
ZDF rat (234), Zuckefa/fa rat (139, 150) and Otsuka Long-Evans TokushimgyFat
(OLETF) rat (181) models. The t10,c12 CLA isomes baen shown to decrease liver
TG in OLETF rats (229) ani@d/fa Zucker rats (205). This effect was not observedh wit

the ¢9,t11 CLA isomer (195).

2.2.3 Potential Mechanisms by which CLA affects NAFLD

To date, the triggers of fatty liver or hepaticastesis and the mechanisms by
which it relates to excessive lipid accumulatioa lilker are incompletely understood.
The molecular mechanism underlying the developraoésteatosis and progression to
steatohepatitis has not been delineated. Likewhsefactors underlying the effect of

CLA isomers on NAFLD are uncleatr.
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LD Formation

Recently, LDs have emerged as important intracgllofganelles in lipid
homeostasis and are important for FA and sterayithesis, FA activation and lipolysis
and contribute to the pathophysiology of metabdiszases, particularly in fatty livers.
(61).

A few recent studies have highlighted the role Dfdssociated proteins in fatty
liver usingin vitro andin vivo models (74, 169, 205). Chung et al. (31) showatltD-
associated proteins play an important roladipocyte TG metabolism and demonstrated
that the t10,c12 CLA-mediatedduction of human adipocyte TG content is assediat
with thedifferential localization and expression of ADRRlgrerilipin A protein.

When energy is required, the stored TGs in LDshgorolyzedvia activation of
lipolytic pathways that govern the release of stdfés from the adipocyte TG pool
which constitutes the major energy reserve in alinide released FAs are then
transported by serum albumin to various tissugsduide energy.

A CLA mixture markedly alleviated hepatomegaly dmghatic TG accumulation
(139, 150) with improved liver function (lower semlALT and alkaline phosphatase) and
favorable modification of the serum lipoprotein file(reduced VLDL and LDL and
elevated HDL) after 8 weeks fa/fa Zucker rats. Liver FA binding protein (L-FABP)
and ACOX, markers of FA transport and oxidatiospectively, were expressed at
higher levels with the supplementation of 1.5% Qhixture infa/fa Zucker rats (150).

A recent study from our lab has shown that the-stettotic effects of t10,c12
CLA isomer in obeséa/fa Zucker rats were associated with a significantese in

hepatic adipophilin, but not perilipin levels, amdluced LD size in the liver (205). The
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same study (205) also demonstrated that treatniéttItE rat hepatoma cells with CLA
isomers (c9,t11 or t10,c12) neither prevented avenrsed, but rather induced
cytoplasmic LD formation in these cells. Currentiygchanisms by which CLA isomers
affect hepatic steatosis are unclear. CLA may bekiwg either independently or
dependently on PPARor by regulating other molecules. H4IIE cells tlans be a

valuable tool in elucidating a mechanism for thfeet of CLA on fatty liver.

Genes involved in FA Synthesis and Oxidation

A CLA mixture was observed to increase both livArdynthesis and oxidation in
rats (15, 134, 170)). These observations wereasfirmed at both the gene and protein
level in two lines of mice (ICR and C57BL/6J) (20Apwever, the degree of increase
differed between lines for some enzymes involveth@se two processes. For FA
synthesis, they reported an increase in activityraRNA levels of acetyl Co-A
carboxylase (ACC), FA synthase (FAS), and malicyarezin CLA-treated mice (207).
However, an increase in ACC mRNA, but not FAS, vegorted by Tsuboyama-
Kasaoka et al. (222-223). For FA oxidation, anease in the activity of mitochondrial
and peroxisomal palmitoyl-CoA oxidation, CPTI, paemmal ACOX, 3-hydroxyacyl-
CoA dehydrogenase, and an increase in mRNA level$?d 1 and II, ACOX and
bifunctional enzyme was reported in CLA-treateden(i207). Several studies have also
reported an increase in CPTI activity, with a geeafffect being exerted by the t10,c12
CLA isomer (41, 128). An increase in ACOX activityd gene expression and CPTI
activity coupled with an increased rate of careitdependent palmitate oxidation was

reported in mice supplemented with the t10,c12 @dkner. In addition, an increase in
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the expression of CPTI in the liver (100%) and ntei$200%) with an almost doubled
expression of CPTIl was observed (41).

A recent study reported that CLA is metabolizechbpatocytes at a higher rate
than LA and that CLA is a poorer substrate forudall and VLDL-TG synthesis (177).
These data suggest that increased FA oxidationagitisequent decreased FA
availability for TG synthesis is a potential mecisamby which CLA can reduce TG

levels in rat liver (177).

ACS

Other investigators have reported that triacsia €glective inhibitor of ACS,
inhibited TG synthesis by 70% in hepatocytes frechfats and by 40% in starved rats
and suggested greater inhibitiondefnovo TG synthesis than FA reacylation (136).
Triacsin C also inhibited the synthesis of cholsgtester and TG in mouse peritoneal
macrophages, leading to a reduction of LD forma(ibtil). Matsuda et al. (130)
demonstrated that triacsin C has anti-atherogewiggsties in LDL receptor-knockout
(LDLR™) mice fed a high cholesterol diet. Incubation véthM triacsin C completely
abolished LD formation in anti-Fas-treated apoptbtiman HuT 78 cells, with
concomitant reversion of TG, CE and phospholipadsdntrol levels (86). Therefore,
ACS is an important enzyme in the regulation of [€@&ls and subsequent LD
formation, and represents a potential mechanismtbgh CLA isomers may affect

hepatic lipid metabolism.

PPARa
CLA isomers increase the expression of ACOX, cytonte PA50A1 (CYP4AL:

o-hydroxylation of FAs) and L-FABP, all known targgnes of PPA& (134, 150, 232).
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In contrast, a study conducted by Peters et al)(ilt/PPAR null mice showed that
genes coding liver FA oxidation and FA binding waftected by CLA, thus indicating a
PPARu independent mode of action by CLA. Isomer-spedffects of CLA were also
reported with t10,c12-CLA causing a decrease in RlPéxpression and an increase in
ACO (but not CYP4A1), and with c9,t11-CLA causingiacrease in PPAd&Rexpression
(232).

Since PPAR is the main PPAR isoform expressed in liver arithg been shown
to regulate the expression of genes involved iratiepxidation (97, 170), it would be
interesting to study the effects of CLA on thiswgeription factor in the process of LD

formation resulting in lipid accumulation.

Desaturase index

The ratio of SFAs and MUFAs is one of the deternmgrfiactors in understanding
disease conditions related to abnormal lipid mdisimosuch as hepatic steatosis. Several
experiments have confirmed a shift in the rati®bA:MUFA in vivo andin vitro,
particularly palmitate:palmitoleate (16:0/16:1) astdarate:oleate (18:0/18:1) with
t10,c12 CLA supplementation (23, 29, 53-54, 64,, 185). These results implicate an
important role of scdl, the enzyme that catalyhesiosynthesis of MUFAs (91, 108).
In contrast, a recent study in mice fed a diet &mppnted with 0.5 g/100 g of CLA
mixture for 4 days found no change on the SFA:MUBR#0 (245), suggesting that the
change may be due to downstream, as opposed tb difects of CLA. Another study
demonstrated the scd1 independent delipidativetsfte t10,c12-CLA isomer using
scdl null mice, which displayed reduced hepatonyegdh the supplementation of this

isomer (91). The t10,c12-CLA isomer was also asgediwith an increase in 18:1 n-9
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and a decrease in 18:2 n-6 which may be attribiatetianges in the activity of

desaturase enzymes such as scdl and therebyiagiehet FA profiles (94).

2.3  Effects of Lipid Accumulation on Cell Viability

The concentration-dependent accumulation of ligievall as mitochondrial
damage are regarded as two early events for hepatity (198). Culturing of
trophoblasts (isolated from normal term human pita® in 0.25 mM non-esterified FA
(NEFA) for 24 hours up-regulated FA esterificatfmmocesses, inhibited FA oxidation,
inhibited glycerol release (a marker of lipolysas)d promoted ADRP and LD formation,
all consistent with the up-regulation of FA storagel buffering capacity. However,
there was no effect on cell viability, apoptosisiormone secretion. HepG2 cells
displayed elevated oxidative stress, loss of miadhnial function and loss of viability
when challenged with pro-oxidants such as ethanBlLd-As such as arachidonic acid
(243). Exposure of murine or human hepatocytes W-®s resulted in lipid
accumulation without changes in cell viability.dantrast, incubating cells with SFAs
significantly decreased cell viability and incred®aspase activation and apoptosis, with
only minor LD accumulation.

To date, one study has determined the dose-depiecytetoxicty of mixed CLA
or CLA isomers in rat hepatic stellate cells (HS&sTincubated for 24 hours with 10-
180 uM of t10,c12 , ¢9,t11 or a mixed form (c9,t11Q@;c12; 41%:44%) of CLA (251).
The results from this study showed that the c9QLA isomer exhibited the most intense
cytotoxic effect as the survival rate of the HSGsweduced to 60% with 80 uM of

c9,t11 CLA treatment, while cell survival was oslightly affected by the CLA mixture.
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The degree of DNA fragmentation was most severédcted in HSCs treated with 80
UM of ¢9,t11 CLA. Other investigators reported tatier 48 hours supplementation with
50 uM t10, c12 CLA isomer or 50 uM of c9, t11 CLgomer, mouse mammary tumor
cell viability was significantly reduced by 80% a2d%, respectively (98). Although a
certain amount of lipid storage may even be hepateptive, prolonged excess lipid
storage can result in an activation of inflammat@gctions and loss of metabolic
competency (7). The cytotoxicity of CLA isomersg t10,c12 isomer in particular, has
been previously reported for rat hepatomas, howenedirect link to LD formation was

shown (247).

2.4 Treatment of NAFLD

There is no one treatment available for NAFLD, hogre PPAR agonists
(TZDs) have been reported to decrease liver fatecdrand increase hepatic insulin
sensitivity in patients with T2DM. Metformin, whidctivates AMP-dependent kinase
(AMPK), on the other hand, has been reported tg amieliorate hepatic insulin

sensitivity but may not change liver fat conterit42249).

2.5 Summary of Current State of Knowledge

The t10,c12 CLA isomer appears to have an inde#ett on reducing hepatic
steatosis iffia/fa Zucker rats while both CLA isomers appear to premd formation in
HA4IIE cell cultures. The mechanism for this diffece is currently unknown. Some

evidence indicates that triacsin C and Wy14643c¢ediG accumulation in lipid loaded
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hepatocytes, implicating the importance of ACS BRARy in LD formation. CLA may
be increasing FA uptake and directing the poolativated FA acyl CoAs toward a lipid
storage pathwawia the activation of the ACS in H4IIE cells. On thther hand, the
effect of CLA isomers on H4IIE viability relative D formation remains to be

explored.

In addition to its ligand-induced activation, tranptional activity of PPAR is
regulated by phosphorylation mainiya ERK-MAPK (49, 208). However, the isomer-
specific effects of the ¢9,t11 or t10,c12 CLA isomen PPAR phosphorylation remain

unexplored.
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3. MATERIALS AND METHODS

3.1 Rat H4IlIE Hepatocytes

3.1.1 Cell Culture

Rat H4lIE hepatoma cells (American Type Culturel@xion, CRL 1548) were
maintained as previously described (252). Cellsevgeown to 60-70% confluency on a
12-, 24- or a 96-well plate in alpha-Minimum Essan¥ledium @-MEM) supplemented
with 10% fetal bovine serum (FBS). Quiescence veageaed by incubation in serum-

free media for 72 hours.

3.1.2 Cell Treatments

The inhibitors or activators were typically addédrinutes prior to the addition
of the FAs directly into the cell culture mediaarder to allow enough time for the
activation of specific transcription factors orrsd transduction pathways (253-254). The
chemicals are listed in Table 1. The optimal cotregion of the chemicals was

determined following a dose-response and a timeseostudy for up to 24 hours.

3.1.3 Cell Lysing

The treatments were terminated by aspirating theiarfeom the wells and
washing the cells twice with 2 mL of 1x Phosphatdf&ed Saline (PBS) (Thermo
Scientific, Rockford, IL). Two hundregl of 2x sample buffer (0.5 M Tris-HCI pH 6.8;
10% SDS; Glycerol) was added to the cells, whichevedlowed to lyse by incubating at

37 °C for 5 min. The cells and the solubilised matavere pipetted into separate
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microfuge tubes and sonicated to shear the DNA.sEneples were then stored at°80

for further analysis.

3.1.4 Oil Red O Staining

Lipid accumulation in H4IIE cells was quantified bying Oil Red O staining as
previously described (132). Cells were fixed wi@®d phosphate-buffered formalin for 1
hour and washed with 60% isopropanol. The cellewdowed to completely dry before
staining with Oil Red O for 10 minutes. The Oil R@dstain was then washed under tap

water followed by elution of the stain using 1009%rBpanol for 10 minutes.

The optical density (OD) of the eluate was measaté&x0 nm using a FLUOstar
Omega plate reader and analyzed with Omega Datly#is&oftware version 1.00
(BMG Labtech, Durham, NC) in order to quantify dhegree of staining and, therefore,

the amount of lipid present in the cells.

3.1.5 Cell Viability Assay

Cell viability in H41IE cells was assessed using tell counting kit-8 (cck-8)
assay that utilizes the tetrazolium salt, WST-8§7Znethoxy-4-nitrophenyl)-3-(4-
nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazoliumonosodium salt]. WST-8 is reduced
by dehydrogenases in cells to give a yellow-colgmextiuct (formazan), which is soluble
in the tissue culture medium. The amount of thenbBran dye generated by the activity
of dehydrogenases in cells is directly proportidnaghe number of living cells. The cck-
8 assay is much more sensitive and has many adyentwer the conventional MTT,
XTT, MTS or WST-1 assays. It consists of a readyde solution and does not require

any organic solvent or isotope. There is also remlrfer any harvesting, washing or
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solubilization step and, therefore, experimentsadreis greatly reduced.

HA4IIE rat hepatoma cells were seeded in 96-wetkglé5,000 cells/well) and
grown to 60-70% confluency im-MEM supplemented with 10% FBS. Quiescence was
achieved by incubation in serum-free media for @ark.

Required materials

. Ready to use cck-8 solution

. FLUOstar Omega plate reader (450 nm filter)
. 96-well plate

. CO; incubator

Cells were treated in triplicate and then incubdtednother 24 hours at 37 °C.
Ten pl of the cck-8 solution was added to each wfethe plate. After 4 hours of
incubation at 37 °C in a GOncubator, absorbance was measured using a FLUOsta

Omega plate reader at 450 nm.

3.2 Liver Tissue

Livers from seven-week old male lean daffa Zucker rats fed either a control
diet (the In CTL and fa CTL groups, respectivelypaliet containing 0.4% wt/vas-9,
trans-11 (fa 9,11 group) or 0.4% wthirtans-10cis-12 (fa 10,12 group) in free fatty acid
(FFA) form for 8 weeks (kindly provided by Danieli#ringer) were excised, rinsed in
phosphate-buffered saline (PBS) pH 7.4, weighed saap-frozen in liquid nitrogen

before being stored at -80°C for further studies.
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3.2.1 Protein Extraction from the Hepatic Tissue of Zucker Rats

For the quantification of proteins present in tlepdtic tissue of the Zucker rats,
livers were homogenised in a detergent-containahgti®n in order to release the various
proteins. The homogenate was then centrifugedn@ve insoluble materials and make

the proteins available for analysis by immunobiati

Required reagents
» 3x Sample Buffer: 3% SDS, 30% glycerol, 0.2 M THi€! pH 6.8, ddHO)

« Liquid nitrogen (N)

Hepatic tissue was weighed (40-50 mg) and quictilyeced with liquid N in a
mortar and allowed to freeze. It was ground infme powder with a pestle and 3x
sample buffer was added to the powder which was shiered into a uniform paste and
allowed to sit for a minimum of 15 minutes to periysis of the cells. The suspension
was pipetted into a 1.5 ml microfuge tube and d¢eiged (Eppendorf Centrifuge 5804,
Hamburg, Germany) at 15,294 g for 5 minutes. Aéemtrifugation, the supernatant was
removed and put into another tube and sonicatedi¢®nsmembrator, Model 100,
Thermo Fisher Scientific Inc.) for 15 seconds teastthe DNA, thereby decreasing the
viscosity of the sample. The samples were thentifieahor stored at -8t for further

analysis.

3.3 Quantification of Protein Samples

Following sonication, protein concentration of fugcker rat hepatic tissue and

the H4IIE cell lysates was determined by usingBleenchoninic acid (BCA) protein
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assay (Pierce Rockford, IL) to enable equal prdtading onto the SDS-polyacrylamide
gels. The reaction between the BCA reagents angrtiteins produces a colored product
and the intensity can be measured by spectronaatalysis at 550 nm. The measured
intensity is directly proportional to the amountpobtein in each sample. The results
from each assay are compared to a standard cadibi@trve and the quantity of protein
is calculated.
Required reagents
* Pierce protein assay reagent A (Cat #23223, Th&aomntific, Rockford, IL):
sodium bicarbonate, BCA and sodium tartrate inNd.2dium hydroxide
» Pierce protein assay reagent B (Cat #23224, Th&trentific, Rockford, IL):
cupric sulphate
* Protein standard: 2 mg/mL bovine serum albumindsesh (Cat # 23209,
Thermo Scientific, Rockford, IL) diluted with 3xmsgle buffer for tissue
samples or with 2x sample buffer for H4IIE celldyss to produce 6
standards (0.2, 0.4, 0.6, 0.8, 1.0 and 2.0 mg/mL)
» 2x sample buffer (0.5 M Tris HCI pH 6.8; 10% SDSycg&rol (Cat # BP229-

1, Fisher))

3x Sample Buffer (3% SDS, 30% Glycerol, 0.2 M THi€1 pH 6.8, ddHO)

Ten microlitres of each of the standards and tbé&epr samples were pipetted, in
triplicate, into the wells of a 96-well microplai€at #167008, Nunclon, Roskilde,
Denmark). A ratio of 221L of reagent A to 4L of reagent B was mixed in a volume to
allow 200pL to be pipetted into each well. The plate was batad at 37C for 30

minutes and then read at 550 nm on a microplatierg@hermomax, Molecular Devices
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Corp, Sunnyvale, CA). Softmax Pro Software (Vers2dd¥, Molecular Devices Corp,

Sunnyvale, CA) was used to determine the finalggnotoncentration in each sample.

3.4 Sodium Dodecylsulfate Polyacrylamide Gel Electrophoresis (SDS-

PAGE)

After quantification of the protein extracts frohetliver tissue or the H4IIE cell
lysates, SDS-PAGE was used to separate the vagiiotsins according to their
molecular mass. Samples were loaded into the wetlse gel and a current was applied.
The current draws the denatured and negativelygeldgoroteins though the gel
depending on the molecular mass.

Required reagents

20% acrylamide

 10% SDS

e 1.5 M Tris-HCIl pH 8.8

* 10% ammonium persulfate

* N, N, N’, N'-Tetramethylethylenediamine (TEMED) (4805615, MP
Biomedicals, Solon, OH)

* ddHO

* 0.5M Tris-HCI pH 6.8

* H,O-saturated butanol

* 10% Bromophenol blue

» 2-mercaptoethanol (Cat # 6010, Omnipur, U.S.A)

41



» SDS-PAGE electrode buffer: 0.125 M Tris, 0.96 Majhe, 0.5% SDS

One or 1.5 mm spaced glass plates were insertecisandwich clamp assembly,
placed into a casting stand and the appropriat@ratpg gel percent was poured between
the glass plates. Using a pasteur pipette, a smadunt of HO-saturated butanol was
gently added over the top of the separating geld&e the surface of the gel smooth and
even. The gel was left to polymerize for approxiehaB0 min, then the #D-saturated
butanol was discarded and the gel was rinsed wikhh@. The stacking gel was
subsequently poured on top of the separating g&b Ar 15 well comb was inserted and
the gel was left to polymerize for 30 minutes. Whias stacking gel had polymerized,
the sandwich clamp assembly was transferred teldetrophoresis apparatus and the
SDS-PAGE buffer was poured into the middle of tleeteophoresis apparatus as well as
into the buffer tank.

The concentration of protein determined from theABotein assay was used to
calculate the appropriate volume of each sampleh [peotein sample was mixed 1:1
with a solution of bromophenol blue (to help viszalthe dye front) and 2-
mercaptoethanol (to denature the proteins). Theksmvere heated in a @Wwater bath
for 5 minutes to further denature the proteinstétnosamples (10-15 pg) were separated
on SDS-polyacrylamide gels. The gel percentagerdiggbon the size of the desired
protein with smaller proteins (< 30 kDa) run on=dgel, 30-100 kDa proteins run on
7.5% or 10% gels and proteins >100 kDa were rua 6% gel. The gel was run at 20
mA constant current per gel for 70-90 minutes. €tednine the molecular mass, the

Bench Mark™ Prestained Protein Ladder (BioRad) was used.
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3.5 Gel Transfer

Following SDS-PAGE, the proteins in the gel werctabphoretically transferred

to a 6.8 cm x8 cm polyvinylidene difluoride (PVDiRembrane.

Required reagents

Transfer Buffer
. 20% methanol, 0.25 mM Tris, 130 mM glycine, ¢dH
. 5x Tris-buffered saline in Tween-20 (TBST): 0.1 MsSFHCI pH
7.4, 0.25% Tween-20

. 1x TBST: 1 part 5x TBST and 4 parts ddH
. Methanol (Fisher Scientific, Fair Lawn, NJ)

The glass plates from the SDS-PAGE were removedhanstacking gel was
discarded. The PVDF membrane was first equilibratate transfer buffer for 5 minutes
and then placed on top of the gel while immersedansfer buffer. The membrane was
covered with blotting paper on both sides. Any Heblvere pressed out and the
components were placed inside a transfer cassetite itransfer buffer solution. The
transfer buffer solution was poured into the taftkraaddition of an ice pack and a stir
bar and placed on a magnetic stirrer on mediumdsigectrode wires were attached to
the electrode module and current applied at 10660 minutes for a 1.0 mm thick gel
or 75 minutes for 1.5 mm thick gel). Membranes wiité transferred proteins were
removed and placed in a container with 1x TBST dagehe membrane and stored at

4°C.
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3.6 Immunoblotting

Immunoblotting was used to identify the proteingndérest using a method
adapted from Gallagher et al (63). This procedgesan antibody to detect and quantify
a single protein after electrophoretic transferagbrotein mixture to a PVYDF membrane.
Required reagents
e 1xTBST
* 3% BSA in TBST (Bovine serum albumin fraction V,t@40735080001,
Roche Diagnostics, Mannheim, Germany)

* 1% BSAiIn TBST

* Lumigen PS-3 detection reagent (Ref # RPN2132 WP+ .umigen PS3, GE
Health, Piscataway, NJ)

» Primary (f) antibody

« Horseradish peroxidase (HRP)-linked secondafydgtibody

The membranes were agitated on an orbital shakekdd with 3% BSA-TBST
(bovine serum albumin in Tris-buffer saline with &en-20) for 1 hour followed by 1
hour incubation with the“lantibody at room temperature (RT). Subsequertéy 1t
antibody was removed and the membrane was washadfiimimum of 20 minutes in
1x TBST, with the TBST refreshed each time. The tm@me was then incubated with
HRP-conjugated 2antibody for 1 hour and the washing step was tepeas previously
described for the®antibody. All 2 antibodies were used at a dilution of 1:10,00BBS
containing 1% BSA. The®hnd the 2 antibodies are listed in Table 2 and Table 3,
respectively. Afterwards, the membrane was dippddiGL plus Western blotting

detection system (GE Health Care) and the relatitemsity was captured by exposing
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the membrane to an X-ray film (Kodak Scientific lgivag). The band of interest on the
film was later quantified using Quantity One softevéversion 4.5.0) on a GS-800
Imaging Densitometer (Bio-Rad Laboratories, Hersu@A).

Optimisation of the 1° antibody

One of the most common problems in immunoblottgidetermining the correct
dilution of the  antibody. Therefore, it is imperative to optimiee T antibody
concentrations which may require contacting théadly manufacturing companies
and/or other researchers who have made use ohtib@dies in their publications.

All of the 1° antibodies were used at a 1:1000 dilution in shigly. However, the
main difference was between the PR&&hd the other antibodies. A much better result
was achieved with 2 hours of blocking for all tHéARa antibodies. In addition, the non-
phospho-PPAR antibody required an overnight incubation while ghospho-PPAéR

antibodies gave a good signal with the usual 1 rmubation.

3.7 Stripping of PVDF Membranes

The PVDF membrane was stripped and washed sa tt@uld be re-probed with
a new antibody and/or a loading control.
Required reagents
Sripping buffer
» 10% SDS; 0.5 M Tris-HCI pH 6.8; ddB
* 2-mercaptoethanol
e 1xTBST

« 10% Bleach
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In order to strip the PVDF membrane, it was covevel 25 mL of stripping
buffer per membrane and 8Q of 2-mercaptoethanol was added for every 10 mthef
stripping buffer. This procedure was carried ou ilnme-hood. The container was
completely sealed and placed in a larger contauméch was again sealed in order to
reduce the strong smell of the reagents. The aoetavas agitated overnight at RT
following which the solution was poured down theksin the fume hood. The membrane
was placed in a new container and covered with B8Tand washed by agitation for 5
minutes. This process was repeated until no odasrdetected. The old containers were

rinsed with 10% bleach and left in the fume hootll @ime odour dissipated.

3.8 Data Analysis

Statistical analysis was performed using one waglysis of Variance (ANOVA)
with Statistical Analysis Software (SAS Version.8,1SAS Institute Inc., Cary, NC.) for
Western blot data using a mixed-model analysis witandom intercept for the
repetitions and by estimate statements for indalidomparisons of treatments versus
the control. For all othan vitro data, statistical analysis was performed usingveae
ANOVA with Origin. Significant differences amongtitment group means were
determined with Tukey'’s test. Differences were ad&red statistically significant at
p<0.05 and are indicated by different lowercaseist n=3. Data are expressed as mean

+ standard error of the mean (SEM).
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Table 1. List of Chemicals

Chemical Functions Working | Vehicle Company Catalog #
Conc.
Dexamethasone  synthetic 0.25uM Water Sigma D4902
glucocorticoid
Wy14643 PPAR agonist | 250uM DMSO Tokyo Fl1102
Kasei
Kogyo
Triacsin C ACS Inhibitor | 4 uMm DMSO Biomol EI218
International
c9,t11 CLA cis9trans-1l | 60puM Ethanol | Cayman | 90140
CLA isomer Chemical
Co.
t10,c12 CLA trans-10cis-12 | 60 uM Ethanol Cayman 90145
CLA isomer Chemical
Co.
Linoleic acid PPAR agonist | 60 uM Ethanol Cayman 90150
Chemical
Co.
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Table 2. List of Primary Antibodies

Primary Antibody Size (kDa) | Secondary| Company Catalog
#
PPARu (H-98) 52 Rabbit Santa Cruz 9000
Phospho PPAR(Ser 12) 52 Rabbit Abcam 3484
Phospho PPAR(Ser 21) 52 Rabbit Abcam 3485
Phospho MAPK p44/42 | 44, 42 Rabbit Cell Signaling 9101
(Thr 202/Tyr 204)
MAPK p44/42 44,42 Rabbit Cell Signaling 9102
Phospho MAPK p38 43 Rabbit Cell Signaling 9211
MAPK p38 43 Rabbit Cell Signaling 9212
scdl (E-15) 37 Goat Santa Cruz 14720
eEF2 95 Rabbit Cell Signaling 2332
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Table 3. List of Secondary Antibodies

Secondary Antibody Working Company Catalog #
Dilution

HRP Rabbit: Blotting 1:10000 BioRad 170-6515

grade goat anti-rabbit IgG

(H + L)(Human IgG

adsorbed) HRP

HRP Goat: Peroxidase- | 1:10000 Jackson 005-030-003

conjugated chrom-pure Immunoresearch

Goat IgG

Laboratories
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4. RESULTS

4.1 Dose response of CLA isomers and linoleic acid on LD formation in

rat hepatoma cells

Rat H4lIE hepatoma cells were grown to 60-70% eanity on a 12- or 24-well
plate in alpha-Minimum Essential MediunxMEM) supplemented with 10% fetal
bovine serum (FBS). Quiescence was achieved byatmn in serum-free media for 72
hours. Quiescent H4IIE cells were treated withed#ht concentrations (60 uM, 120 uM
and 180 puM) otis-9trans-11 (c9,t11) otrans-10cis-12 (t10,c12) CLA isomers or
linoleic acid (LA). Cells without any of the abotreatments were included as controls.
The cells were incubated for 24 hours at 37 °Qrtrer to assess lipid accumulation, the
cells were stained with Oil Red O to visualize L&y&l counter-stained with hematoxylin
to assess the histological appearance after treatmth respective CLA isomer or LA.
Compared to the untreated controls, treatment ofEHzells with individual CLA
isomers or LA resulted in significant LD formationa dose-dependent manner (Figures
1-6). However, there was no significant differencépid accumulation at higher
concentrations, i.e. between 120 uM and 180 uMdfé CLA (Figure 2) or t10,c12
CLA (Figure 4) or LA (Figure 6) which neither inasged nor decreased relative to 60 uM
but remained at a plateau phase. Interestingly) thaugh treatment with 180 uM of LA
resulted in a higher LD concentration, fewer celése observed in comparison with the
control or lower concentrations of LA (Figure 6) pAssible explanation is that most of

the cells treated with 180 uM LA were stained miwe to a much larger number of LDs
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in these cells. Alternatively, cell death led to dBposition onto the plate and this

material was stained with the Oil Red O.
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Figure 1. Dose response @is-9,trans-11 (c9,t11) CLA isomer on lipid
accumulation in quiescent H4IIE cells.

HA4IIE rat hepatoma cells were treated with 60 u®RO 1M and 180 uM c9,t11
CLA for 24 hours to assess the direct effects isfifomer on the cytoplasmic LD
formation. Lipid accumulation was determined byrstay cells with Oil Red O
and counter-stained with hematoxylin. LDs are gdired while the nuclei appear
blue. Treatments were conducted in triplicate &edgictures are representative
of three independent experiments. Scale bar repiee48um and is applicable to
all panels.
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Figure 2. Quantification of lipid accumulation in quiescent H4lIE cells
treated with increasing concentrations otis-9trans-11 (c9,t11) CLA isomer.

HA4IIE rat hepatoma cells were treated with 60 pu&Q utM and 180 pM c9,t11
CLA for 24 hours to assess the direct effects isfifomer on the cytoplasmic LD
formation. Lipid accumulation was quantified affer hours by eluting the Oil
Red O stain in 2-propanol and measuring the abeoebaf the eluate at 500 nm.
Data are presented as adjusted mea®EM of three independent experiments
performed in triplicate. Differences between treztits were considered
significant at p<0.05 and are indicated by diffédlemwercase letters.
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Figure 3. Dose response dfans-10cis-12 (t10,c12) CLA isomer on lipid
accumulation in quiescent H4IIE cells.

HA4IIE rat hepatoma cells were treated with 60 uRQ tM and 180 uM t10,c12
CLA for 24 hours to assess the direct effects isfifomer on the cytoplasmic LD
formation. Lipid accumulation was determined byrstey cells with Oil Red O
and counter-stained with hematoxylin. LDs are gdired while the nuclei appear
blue. Treatments were conducted in triplicate d&edgictures are representative
of three independent experiments. Scale bar repiee48um and is applicable to
all panels.
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Figure 4. Quantification of lipid accumulation in quiescent H4lIE cells
treated with increasing concentrations otrans-10cis-12 (t10,c12) CLA
isomer.

HA4IIE rat hepatoma cells were treated with 60 pROQ uM and 180 pM t10,c12
CLA for 24 hours to assess the direct effects isf ifomer on the cytoplasmic LD
formation. Lipid accumulation was quantified affer hours by eluting the Oil
Red O stain in 2-propanol and measuring the abrogdaf the eluate at 500 nm.
Data are presented as adjusted mea®EM of three independent experiments
performed in triplicate. Differences between tresis were considered
significant at p<0.05 and are indicated by diffédlemwercase letters.
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Figure 5. Dose response of linoleic acid on lipidcaumulation in quiescent
HA4IIE cells.

HA4IIE rat hepatoma cells were treated with 60 uRO 1M and 180 uM LA for
24 hours to assess the direct effects of LA orcyteplasmic LD formation.

Lipid accumulation was determined by staining cefith Oil Red O and counter-
stained with hematoxylin. LDs are stained red wthienuclei appear blue.
Treatments were conducted in triplicate and theupes are representative of
three independent experiments. Scale bar repres@pts and is applicable to all
panels.
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Figure 6. Quantification of lipid accumulation in quiescent H4lIE cells
treated with increasing concentrations of linolei@cid.

HA4IIE rat hepatoma cells were treated with 60 pRO M and 180 puM LA for

24 hours to assess the direct effects of LA orcttieplasmic LD formation.

Lipid accumulation was quantified after 24 hoursehyting the Oil Red O stain in
2-propanol and measuring the absorbance of théeedtt®00 nm. Data are
presented as adjusted mearSEM of three independent experiments performed
in triplicate. Differences between treatments wemesidered significant at

p<0.05 and are indicated by different lowercaseist
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4.2 Triacsin C effectively reduces LD formation in H4IIE cells

Exogenously supplied FAs are activateg acyl co-A synthetase (ACS) to FA
acyl-CoAs to be channeled either toward lipid sgsth and storage or toward oxidation
pathways. The FA acyl-CoAs can then be metaboliaédrm triglycerides (TGs),
phospholipids (PL) and cholesteryl esters (CEhédfe is an excess supply of exogenous
FAs, they can be stored as TGs in LDs. Therefoesimwestigated the effect of inhibiting
this first essential step in the metabolism of lahgin FA metabolism in the
hepatocytes. Quiescent H4IIE cells were pre-treaidd4 uM of the ACS inhibitor,
triacsin C, for 10 minutes. Cells were then treat&ti 60 UM of the individual CLA
isomers (c9,t11 or t10,c12) or LA for 24 hours.|€elithout any of the above treatments
were included as controls. After 24 hours incubmgttbe cells were stained with Oil Red
O to visualize LDs and counter-stained with hemglioxo assess histological
appearance. Compared to the untreated contraddnteamt of H4IIE cells with individual
CLA isomers resulted in significant LD formationtérestingly, pre-treatment of H411E
cells with triacsin C before the supplementatiothvimdividual CLA isomers or LA
significantly reduced LD formation (Figures 7-8).

These results indicate that LD formation by CLAnss or LA is regulated at
the initial level of TG synthesis and suggest th@ plays an important role in the

regulation of CLA isomer- or LA-induced LD formation H4IIE hepatocytes.
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Figure 7. Effect of triacsin C on lipid accumulatian induced bycis-
9trans-11 (c9,t11) andrans-10cis-12 (t10,c12) CLA isomers and linoleic
acid in quiescent H4IIE cell.

QuiescenH4lIE rat hepatoma cells were pre-treated with 4 quktsin C (T)
or vehicle for ten minutes prior to the additionl@0 uM of c9,t11 CLA, 120
MM 110,c12 CLA or 120 uM LA. Cells were incubated &nother 24 hours
to assess the effects of triacsin C on cytoplasgmid¢ormation in response to
the respective FAs. Lipid accumulation was deteeaiby staining cells with
Oil Red O and counter-stained with hematoxylin. ldbs stained red while
the nuclei appear blue. Treatments were conduntégplicate and the
pictures are representative of three independgrererents. Scale bar
represents 1Qm and is applicable to all panels.
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Figure 8. Quantification of lipid accumulation in quiescent H4lIE cells
treated with triacsin C on lipid accumulation induced bycis-9trans-11
(c9,t11) andtrans-10cis-12 (t10,c12) CLA isomers and linoleic acid.

QuiescenH4lIE rat hepatoma cells were pre-treated with 4 quiltsin C or
vehicle for ten minutes prior to the addition 0D32M of c9,t11 CLA, 120 uM
t10,c12 CLA or 120 uM LA. Lipid accumulation wasaified after 24 hours by
eluting the Oil Red O stain with 2-propanol and sweang the absorbance of the
eluate at 500 nm. Data are presented as adjustaustn&EM of three
independent experiments performed in triplicatéfdbeénces between treatments
are considered significant at p<0.05 and are inéithy different lowercase
letters.
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4.3 Wy14643 reduces lipid accumulation in CLA isomer as well as

linoleic acid treated cells

Fibrates are well known hypolipidemic drugs tha¢@pevia the nuclear
transcription factor PPAR H4IIE cells specifically express the PPARoform and it
acts as a lipid sensor in the cells. Thereforeinwestigated the direct effects of PPAR
activation on CLA- and LA-induced LD formation idHE cells using the potent
PPARu activator, Wy14643. Quiescent H4IIE cells were-jpeated with 250 puM of
Wy14643 for ten minutes. Cells were then treatethi W20 pM of the individual CLA
isomers (c9,t11 or t10,c12) or LA for 24 hours.|€elithout any of the above treatments
were included as controls. After 24 hours incubgttbe cells were stained with Oil Red
O to visualize LDs and counter-stained with hemgioxo assess the histological
appearance. Compared to the untreated contraddnteamt of H4IIE cells with individual
CLA isomers or LA resulted in significant LD fornian. Treatment with Wy14643 prior
to individual CLA isomer supplementation signifitigrreduced LD formation (Figures
9-10). However, H4IIE cells pre-treated with Wy136g¥ior to LA supplementation
exhibited no difference to the untreated controls.

These results indicate that PPARctivation plays an important role in the

reduction of CLA isomer- and LA-induced LD formatiocn H411E hepatocytes.
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Figure 9. Effect of Wy14643 on lipid accumulationnduced bycis-
9trans-11 (c9,t11) andrans-10cis-12 (t10,c12) CLA isomers and
linoleic acid in quiescent H4IIE cells.

Quiescent H4IIE rat hepatoma cells were pre-treaidd250 uM

Wy14643 or vehicle for ten minutes prior to the iidd of 120 uM of
c9,t11 CLA, 120 uM t10,c12 CLA and 120 uM LA. Celiere incubated
for another 24 hours to assess the effects of W43 48/y) on cytoplasmic
LD formation in response to the respective FAsid_gccumulation was
determined by staining cells with Oil Red O andrdeu-stained with
hematoxylin. LDs are stained red while the nucpgear blue. Treatments
were conducted in triplicate and the pictures apgasentative of three
independent experiments. Scale bar representsnlénd is applicable to all
panels.
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Figure 10. Quantification of lipid accumulation in quiescent H4IIE cells
treated with Wy14643 on lipid accumulation inducedy cis-9,trans-11

(c9,t11) andtrans-10cis-12 (t10

c12) CLA isomers and linoleic acid.

treaidd 250 uM Wy14643 or

Quiescent H4IIE rat hepatoma cells were pre

vehicle for ten minutes prior to the addition 0D32M of c9,t11 CLA, 120 uM

t10,c12 CLA and 120 uM LA. Lipid accumulation wasagtified by eluting the
Oil Red O stain with 2-propanol and measuring theogbance of the eluate at
500 nm. Data are presented as adjusted me&#dV of three independent
experiments performed in triplicate. Differencesieen treatments were

considered significant at p<0.05 and are indichtedifferent lowercase letters.
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4.4 CLA isomers promote cell viability at low concentration

To evaluate the effect of lipid accumulation on vrebility of H4IIE rat
hepatomas, quiescent H4IIE cells were treated afterent concentrations (0 pM, 60
UM, 120 uM and 180 puM) of CLA isomers (c9,t11 d,tl12) or LA for 24 hours at 37
°C. Cells without any of the above treatments vireckided as controls. After incubating
for 24 h, cell viability was measured with the &lkssay. As shown in Figure 11 and 12,
cell viability was significantly increased at thé gM concentration of both CLA isomers
(compared with the untreated controls, p < 0.0®weler, a much higher concentration
of ¢9,t11 CLA isomer (180 uM) significantly decredscell viability compared with
controls as well as with the 60 uM ¢9,t11 CLA grp(p< 0.05). A similar increase in
viability was observed for cells treated with th@,c12 CLA isomer at 60 uM, compared
to 0, 120 and 180 uM but none of the treatmentsedsed viability compared to the
untreated control (Figure 12). There was no stediby significant effect of the 60 uM
LA treatment on cell viability, however, treatmevith LA at 180 uM resulted in a
significant decrease in H4IIE viability comparediwihe untreated control (p < 0.05,

Figure 13).
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Concentration of ¢9,t11 CLA (uM)

Figure 11. Effects ofcis-9,trans-11 (c9,t11) CLA isomer on quiescent H4lIE
cell viability.

Quiescent H4IIE rat hepatoma cells were treateld @M, 120 uM and 180

UM of c9,t11 CLA isomer in separate wells of a 9élhplate. Cells were
incubated for 24 hours at 37 °C. Cell viability waessessed by using the cck-8 kit.
The absorbance was measured at 450 nm using aptaitereeader. Data are
presented as adjusted mearSEM of three independent experiments performed
in triplicate. Differences between treatments wemesidered significant at

p<0.05 and are indicated by different lowercaseist
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Figure 12. Effects oftrans-10cis-12 (t10,c12) CLA isomer on quiescent H4lIE
cell viability.

Quiescent H4IIE rat hepatoma cells were treateld @M, 120 uM and 180

MM of t10,c12 CLA isomer in separate wells of av@é! plate. Cells were
incubated for 24 hours at 37 °C. Cell viability waessessed by using the cck-8 kit.
The absorbance was measured at 450 nm using aptaitereeader. Data are
presented as adjusted mearSEM of three independent experiments performed
in triplicate. Differences between treatments wemesidered significant at

p<0.05 and are indicated by different lowercaseist

68



0.8 - -

Cell viability (OD at 450 nm)

0 60 120 180

Concentration of LA (uM)

Figure 13. Effects of linoleic acid on quiescent HKE cell viability.

Quiescent H4IIE rat hepatoma cells were treateld @M, 120 uM and 180
MM LA in separate wells of a 96-well plate. Cellsreincubated for 24 hours at
37 °C. Cell viability was assessed by using the&&#it. The absorbance was
measured at 450 nm using a microplate reader. &atpresented as adjusted
meanst SEM of three independent experiments performedpticate.
Differences between treatments were consideredfisgm at p<0.05 and are
indicated by different lowercase letters.
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4.5 Wy14643 reduces cell viability in the presence of CLA isomers or

linoleic acid

As shown previously, compared to the untreatedroboells, treatment with 60
UM of the individual CLA isomers significantly ireased cell viability, but there was no
effect of 60 UM LA treatment. Interestingly, combthtreatment with a PPARactivator,
Wy14643, resulted in decreased cell viability wisempared to the cells treated with 60
1M concentration of the respective FAs alone. HaueWy14643 alone without any of
the FA treatments had no effect on cell viabilfjgure 14) indicating that PPAR

activation under conditions of lipid accumulati@sults in reduced cell viability.
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Figure 14. Effect of Wy14643 and fatty acid suppleentation on quiescent
HAIIE cell viability.

Quiescent H4IIE rat hepatoma cells were treateld 250 uM Wy14643 or
vehicle for ten minutes prior to the addition of |68 of ¢9,t11 CLA, 60 uM
t10,c12 CLA or 60 uM LA in separate wells of a 96Hplate. Cells were
incubated for another 24 hours at 37°C. Cell vighbilas assessed by using the
cck-8 kit. The absorbance was measured at 450 rg asnicroplate reader.
Data are presented as adjusted mea®EM of three independent experiments
performed in triplicate. Differences between treatils were considered
significant at p<0.05 and are indicated by diffélemwercase letters.
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4.6 Role of dietary CLA isomers on expression and phosphorylation of

PPARa in fa/fa Zucker rats

The reduction in LD formation in Wy14643-treated|Hcells suggests that
PPARy may effectively modulate FA metabolism under ctinds with elevated FAs
such as obesity and steatosis. Therefore, we iga¢stl the effect of dietary CLA
isomers on PPA&Rexpression and phosphorylation in the livers wfegk old malda/fa
and lean Zucker rats fed either a control or a @dfer (0.4% wt/wt c9,t11 or 0.4%
wt/wt t10,c12) diet for 8 weeks (kindly provided Bynielle Stringer).

Hepatic tissues from these animals were used forunoblotting. Our results
showed that th&/fa rats fed t10,c12 CLA isomer (fa 10,12) had a digaintly lower
level of phospho-PPAIRS21 compared to the lean control (In Ctl) (Figlé¢. However,
there was no significant difference in the phosplation of PPAR at the two serine
positions (S12 and S21) between filéa control (fa Ctl) and the CLA-fetb/fa rats
(Figures 15-16). There was no significant effectlietary CLA on PPAR levels (Figure
17). Also, no significant changes were detectettiénlevels of stearoyl co-A desaturasel
(scdl) in the fa groups as compared to the InFigufe 20). In contrast, there was a
trend towards an increase in the phosphorylatiqpddi42 MAPK in the fa Ctl and the fa
10,12 groups compared to the In Ctl group which m@observed with the c9,t11 diet
(Figure 18). The t10,c12 CLA isomer significanthgieased the phosphorylation of p38
MAPK in thefa/fa rats (fa 10,12 group) compared to In Ctl (Figudg. 1

These results suggest that only the t10,c12 CLA&@ffects the

phosphorylation of PPAR specifically through a decrease in its phospladigh at Ser
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21, while the c9,t11 isomer had no significant efien the phosphorylation at either of
the serines (S12 as well as S21). Interestingéydicrease in PPARphosphorylation by
the t10,c12 CLA isomer was associated with activatf the p38 MAPK pathway. This
indicates that the t10,c12 CLA isomer affects PRARosphorylation and thereby its
transcriptional activity in a MAPK-independent mannit is interesting to note that the
phosphorylation levels of PPARS21 (Figure 16) and p38 MAPK (Figure 19) are
reversed suggesting that the two signalling patlswasty be inversely regulated in the

Zucker rats.
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a) InCTL faCTL fa9,11 fa 10,12
pPPARa S-12

C—— q
b) PPARG -———

1.0

pPPARa S-12/ PPARG. (Arbitrary units)

Inctl factl fa 9,11 fa 10,12

Figure 15: Phospho-peroxisome proliferator activatd receptor (PPAR) a S-
12 levels in livers of lean andia/fa Zucker rats.

a) Hepatic protein extracts from lean Zucker rat<(), fa/fa Zucker rats (fa ctl),
fa/fa Zucker rats featis-9trans-11 CLA (fa 9,11) anda/fa Zucker rats fedrans-
10cis-12 CLA (fa 10,12) for 8 weeks were analyzed by imotlotting using
antibodies that recognize phospho-PRAR12 and PPA&R A representative blot
is shown.

b) Corresponding densitometric analysis of the bgpanel a) in arbitrary units.
Experimental data were analyzed with SAS softwamrsjon 9.1.3), using a
mixed model analysis with a random intercept foe tepetitions. Data are
presented as adjusted mearSEM (n=6). Contrast statements were used to make
individual comparisons of treatments versus contlfferences between
treatments were considered significant at p<0.0% ane indicated by different
lowercase letters.
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Figure 16: Phospho-peroxisome proliferator activatd receptor (PPAR) a S-
21 levels in livers of lean anda/fa Zucker rats.

a) Hepatic protein extracts from lean Zucker rat<(), fa/fa Zucker rats (fa ctl),
fa/fa Zucker rats featis-9trans-11 CLA (fa 9,11) anda/fa Zucker rats fedrans-
10cis-12 CLA (fa 10,12) for 8 weeks were analyzed by imotlotting using
antibodies that recognize phospho-PRBAR-21 and PPA&. A representative
blot is shown.

b) Corresponding densitometric analysis of the bgpanel a) in arbitrary units.
Experimental data were analyzed with SAS softwamrsjon 9.1.3), using a
mixed model analysis with a random intercept foe tepetitions. Data are
presented as adjusted mearSEM (n=6). Contrast statements were used to make
individual comparisons of treatments versus contlfferences between
treatments were considered significant at p<0.0% ane indicated by different
lowercase letters.
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Figure 17: Peroxisome proliferator activated receptr (PPAR) a levels in
livers of lean andfa/fa Zucker rats.

a) Hepatic protein extracts from lean Zucker rat<(), fa/fa Zucker rats (fa ctl),
fa/fa Zucker rats featis-9trans-11 CLA (fa 9,11) anda/fa Zucker rats fedrans-
10cis-12 CLA (fa 10,12) for 8 weeks were analyzed by imhlotting using an
antibody that recognizes PPARA representative blot is shown.

b) Corresponding densitometric analysis of the bgpanel a) in arbitrary units.
Experimental data were analyzed with SAS softwamrsjon 9.1.3), using a
mixed model analysis with a random intercept foe tlepetitions. Data are
presented as adjusted mearSEM (n=6). Contrast statements were used to make
individual comparisons of treatments versus contlfferences between
treatments were considered significant at p<0.0% ane indicated by different
lowercase letters.
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Figure 18: Phospho-p44/42 MAPK (mitogen activated iotein kinase) levels
in livers of lean andfa/fa Zucker rats.

a) Hepatic protein extracts from lean Zucker rbt<(), fa/fa Zucker rats (fa ctl),
fa/fa Zucker rats fedis-9trans-11 CLA (fa 9,11) andia/fa Zucker rats fedrans-
10cis-12 CLA (fa 10,12) for 8 weeks were analyzed by imohlotting using
antibodies that recognize phospho-p44/42 MAPK atti4? MAPK. A
representative blot is shown.

b) Corresponding densitometric analysis of the bgpdnel a) in arbitrary units.
Experimental data were analyzed with SAS softwaeesfon 9.1.3), using a

mixed model analysis with a random intercept fer ribpetitions. Data are
presented as adjusted mearSEM (n=6). Contrast statements were used to make
individual comparisons of treatments versus conidferences between
treatments were considered significant at p<0.@baaa indicated by different
lowercase letters.
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Figure 19: Phospho-p38 MAPK (mitogen activated prain kinase) levels in
livers of lean andfa/fa Zucker rats.

a) Hepatic protein extracts from lean Zucker rat<(), fa/fa Zucker rats (fa ctl),
fa/fa Zucker rats featis-9trans-11 CLA (fa 9,11) anda/fa Zucker rats fedrans-
10cis-12 CLA (fa 10,12) for 8 weeks were analyzed by imotlotting using
antibodies that recognize phospho-p38 MAPK and [d3%K. A representative
blot is shown.

b) Corresponding densitometric analysis of the bgpanel a) in arbitrary units.
Experimental data were analyzed with SAS softwamrsjon 9.1.3), using a
mixed model analysis with a random intercept foe tlepetitions. Data are
presented as adjusted mearSEM (n=6). Contrast statements were used to make
individual comparisons of treatments versus contlfferences between
treatments were considered significant at p<0.0% ane indicated by different
lowercase letters.
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Figure 20: Stearoyl co-A desaturase 1 (scdl) levatslivers of lean andfa/fa
Zucker rats.

a) Hepatic protein extracts from lean Zucker rat<(), fa/fa Zucker rats (fa ctl),
fa/fa Zucker rats featis-9trans-11 CLA (fa 9,11) anda/fa Zucker rats fedrans-
10cis-12 CLA (fa 10,12) for 8 weeks were analyzed by imhlotting using an
antibody that recognizes scdl. A representativeidlshown.

b) Corresponding densitometric analysis of the bgpanel a) in arbitrary units.
Experimental data were analyzed with SAS softwamrsjon 9.1.3), using a
mixed model analysis with a random intercept foe tlepetitions. Data are
presented as adjusted mearSEM (n=6). Contrast statements were used to make
individual comparisons of treatments versus contlfferences between
treatments were considered significant at p<0.0% ane indicated by different
lowercase letters.
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5. DISCUSSION

The triggers leading to fatty liver and their redatto the molecular mechanisms
and respective signaling molecules that modulapatie FA metabolism are
incompletely understood. Hepatic lipid overloadmginly in the form of TGs is
considered a prerequisite for the development oFNA (113, 169). The cytotoxicity of
CLA isomers, particulary the t10,c12 isomer, hasnbgreviously reported for rat
hepatomas, however, no direct link to LD formatieas shown (247). The nuclear
transcription factor, PPA&R and ACS are key players in hepatic FA oxidatiod a
activation, respectively. Thus, they play importasies in the regulation of hepatic lipid

metabolism.

Our hypothesis states that an increase in LD faomahduced by CLA isomers
(c9,t11 or t10,c12) reduces rat hepatoma H4lIEiligbAs LD formation in hepatocytes
is poorly understood, our first aim was to underdtthe underlying mechanism. We,
therefore, investigated the role of FA and PRARtivation in the regulation of these
cellular processes. We compared the effects aérdifft concentrations of the ¢9,t11 and
t10,c12 CLA isomers to their parent FA, LA, in f@cess of LD induction in quiescent
HA4IIE cells. We found that CLA isomers as well asihcreased LD formation in a
dose-dependent manner up to 120 uM. However, werodd no significant difference
in lipid accumulation at higher concentrations (b2@ 180 puM) of the FAs, indicating

that LD formation reaches a plateau phase. Furtbienthis response to LD formation
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was associated with changes in H4IIE viability. fa first time, we report that triacsin
C significantly reduces CLA- and LA-induced LD foation in quiescent H4IIE cells
implicating an important role of ACS in conditiow#th increased lipid accumulation
such as fatty liver diseases. We also demonstiatattivation of PPARby Wy14643
produces similar effects and supports previoudrigglthat PPAR plays a primary role
in the regulation of hepatic lipid metabolism.dtimportant to mention that the effect of
triacsin C on cell viability was not studied. Trsat C was able to reduce LD
accumulation in the FA treated cells but it is umkm if this effect of triacsin C will
affect cell viability. It could be speculated thia¢ inhibition of LD formation with
triascin C occurs at an earlier stage, therebypiting cell growth as was observed with
the Wy14643 treatment. In addition to eamitro studies, we have also investigated the
effects of dietary CLA isomers on PPARNd MAPK phosphorylation ifa/fa rat liver
and speculate on the importance of this signalatgyeay in the anti-steatotic effect of

the t10,c12 CLA isomer observed in flaga Zucker rats.

CLA isomers and LD formation

Recent findings from our lab have indicated thafGéomers neither reduce nor
prevent but rather induce LD formation in H411EIs€R05). Therefore, we further
investigated the dose response of ¢9,t11 and 2@¢A isomers on lipid accumulation
in quiescent H4IIE cells and subsequent cell vigbhiSince CLA consists of positional
and geometric isomers of LA, we conducted a sinsiédrof experiments using LA to

determine CLA-specific effects. Compared to theeated controls, treatment of H4IIE
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cells with individual CLA isomers or LA for 24 hauresulted in significant LD
formation in a dose-dependent manner, but aftenaentration of 120 uM there was no
increase or decrease in LD formation (Figures Irbact there was no significant
difference in lipid accumulation at higher concatitns, i.e. between 120 uM and 180
MM of ¢9,t11 CLA (Figure 2), t10,c12 CLA (Figured LA (Figure 6) lipid
accumulation remained at a plateau phase. Excesgyeis stored as TGs sequestered in
LDs during lipogenesis in mammalian cells, butdits understood about how animals
package fat within cells. LDs participate activadya variety of metabolic processes and
are, therefore, considered functional and dynamgemelles in cells. When energy is
required, the stored TGs are hydrolyzed via agtwadf lipolytic pathways and the
released FAs are then transported by serum albtawiarious tissues to provide energy.
Zehmer et al. (255) observed that in non-adipocytBs are small, mobile and interact
with other cellular organelles, such as the mitochi@ and peroxisomes. Therefore, LD
formation may be part of a hepatoprotective medmarat lower lipid concentrations that
operates by reducing the cellular levels of nomn#std toxic FAs. Also, since CLA
isomers affect hepatic LD formation in a similasdalependent pattern as the essential
FA, LA, we speculate that both CLA and LA may betabelized in similar pathways in

the liver.

CLA isomers and cell viability

Accumulation of intracellular lipid in non-adipo@g is associated with
lipotoxicity (5, 85, 233) We, therefore, evaluathd viability of H4IIE rat hepatomas

following exposure to different concentrations dfACisomers (c9,t11 or t10,c12) or LA
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for 24 hours. H4IIE viability was significantly ineased at the 60 M concentration of
c9,t11 CLA isomer as detected by the WST-8 dyeuiieéd.1). However, at a much
higher concentration of c9,t11 CLA isomer (180 uk8ll viability was significantly
decreased. Although LDs are essential for nornibfugction, excess accumulation of
intracellular lipid is associated with several nbetiic diseases, including hepatic

steatosis, insulin resistance and inflammation (7).

A similar statistically significant increase in kelability was observed for the
t10,c12 CLA isomer at 60 uM. Likewise, there wasgnificant decrease in H4llIE
viability at a much higher concentration of 180 i\,c12 CLA (Figure 12). The
cytotoxicity of CLA isomers, the t10,c12 isomerparticular, has been reported for rat
hepatomas (246), however, to date, no link to Libnftion has been studied. CLA
isomers have been shown to inhibit the proliferabb3T3-L1 preadipocytes (193), as
well as numerous cancer cell lines (30, 99, 116rdRrtly, the isomer-specific effect of
the c9,t11 and t10,c12 CLA isomers was studieditands found that while both CLA
isomers inhibited the proliferation of human brezsicer cells, the c9,t11 isomer had the
strongest effect (30). However, we demonstrateHferirst time that the effect of CLA
isomers on H4IIE viability is mainly dependent &we toncentration. From our results, it
can be speculated that the CLA isomers have aiymsifect on cell growth at low
concentrations, however, as the concentration ofrildieases, it begins to exhibit a
negative effect on cell viability mainly due to ttoxic nature of unesterified FAs in the

cells.
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There was no effect of the 60 pM LA treatment an\tiability of quiescent
H4IIEs, however, treatment with LA at concentrasidgrigher than 120 uM resulted in a
significant decrease in cell viability (Figure 13he accumulation of lipids in liver and
other metabolically relevant organs such as paticreata-cells, heart and skeletal
muscle contributes substantially to the pathophggioof insulin resistance, steatotic
liver disease and heart failure (201). Accumulatbfipid in non-adipose tissues under
obese conditions, is also associated with ER stmaisschondrial dysfunction, and
ultimately apoptosis (244). In one study, when peatic islets from the Zucker diabetic
fatty rats were cultured with different FAs (oleatepalmitate), an increase in ceramide
level and apoptosis were observed. These effeats bbecked by fumonisin B, an
inhibitor of ceramide synthesis, suggesting thas EAuse apoptosita a ceramide-
mediated pathway (199). Taken as a whole, theskestimply that lipid accumulation
can either act as a marker or as a source of bigxicproducts such as ceramide that
reduce cell viability or promote apoptosis.

In another study, the cytotoxicity of oleate anthptate in isolated normal rat
islet beta-cells was associated with less TG actation, and the authors speculated that
the FAs themselves are non-toxic. Rather it iSdhmation of cytosolic TG from
exogenous FA that protects against FA-induced &stp{35). Therefore, it is uncertain
as to whether TG exerts only positive or negatiteces (145). We studied the dose
response of CLA isomers (c9,t11 or t10,c12) andonthepatoma viability and have
determined that the CLA isomers promote cell groatttower concentrations but reduce
cell viability at higher concentrations. There waseffect of LA on H4IIE viability at a

low concentration (Figure 13). However, it reducedl viability at higher concentrations
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in a manner similar to that observed with the Ckémers. Our results are consistent
with previous reports that, although a certain ama lipid storage may be
hepatoprotective, prolonged excess lipid storageresult in a loss of metabolic

competency (7).

Triacsin C effectively reduces hepatoma LD formation

To directly address the effect of inhibiting thesfiessential step in the hepatic
synthesis of long-chain FAs, in the presence afagenous supply of CLA isomers or
LA, we treated quiescent H4IIE cells with triac€lna potent inhibitor of ACS. A pre-
treatment with 4iM of triacsin C for 10 minutes was sufficient torainish CLA isomer
or LA stimulated hepatic LD formation (Figure 7)uQresults demonstrate that inhibiting
ACS and thereby preventing TG synthesis signifigaretduces hepatic LD formation in
quiescent H4IIE cells (Figure 8).

Our data are consistent with previous reportsekagenously supplied FAs are
converted by ACS to their FA acyl-CoAs, which chart be metabolized to form TGs,
phospholipids and cholesteryl esters. The predomipathways for FAs are their storage
as TGs in LDs, membrane biosynthesis, and convetsienergy (48). The length of the
carbon chain of the FA species defines the sulessgzcificity for the five different ACS
enzymes characterized so far. Mammalian ACS aetiFAls with usual chain lengths of
12 to 20 carbon atoms. CLA, which consists of pos#él and geometric isomers of LA,
is an 18 carbon FA and, therefore, CLA isomers s&ye as good substrates for this

enzyme. The ACS isoforms differ in their subceltdécation. Using non-cross-reacting
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ACS1, ACS4, and ACSS5 peptide antibodies, Lewin.gtld 1) showed that ACS4 was
the only ACS isoform present in peroxisomes anghitochondria-associated membrane
fractions isolated from livers of gemfibrozil-tredtrats and proposed that ACS4 is linked
to TG synthesis (110).

Ourinvitro findings are also in agreement with othevivo reports that have
shown that triacsin C can inhibit TG synthesis@p#&tocytes from both fed (about 70%)
and starved rats (about 40%) (136). Triacsin C @sibited the synthesis of cholesteryl
ester and TG in mouse peritoneal macrophagesnigadia reduction of LDs (141).
Recently, Matsuda et al (130) have reported thabition of ACS activity in LDLR"
mice fed a high cholesterol diet has anti-atheragactivity. Our results have
demonstrated for the first time that LD formatiorH4IIE cells in response to CLA
isomers or LA treatment is directly reduced bydsia C.

Therefore, we conclude that ACS is an importanyerein mediating CLA or
LA induced hepatic LD formation. Future studiesdatermining the effects of CLA

isomers or LA on ACS activity may thus be useful.

Wy14643 reduces lipid accumulation in CLA isomer as well as LA

treated cells

HA4IIE cells specifically express the PPARoform (253), which is an important
transcription factor regulating genes of FA oxidatiln the liver, PPAR plays a pivotal
role in numerous processes including gluconeogsr@esl lipid metabolism (124).

PPARy mediates the effects of hypolipidemic fibrate drughich decrease plasma TGs
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and increase plasma HDL concentrations. Curretitéymechanisms by which CLA
isomers affect fatty liver or hepatic steatosiswarelear. CLA may be working either
independently or dependently of PPARI4IIE cells are thus a valuable tool for
elucidating the direct effects of PPARctivation on CLA isomer- or LA-induced
hepatic lipid accumulation by using a potent PleARtivator, Wy14643.

Similar to our results with triacsin C, we obsertedt treatment with Wy14643
prior to supplementation with individual CLA isomsasr LA significantly reduced LD
formation (Figures 9-10). These studies were a@ueising quiescent H4IIE cells
treated with 25@M of Wy14643 for 10 minutes prior to the additioh6® pM c9,t11
CLA or 60uM t10,c12 CLA or 6QuM LA, followed by a further 24 hour incubation
period. However, it was interesting to note thatii§3 reduced LD formation in LA
treated cells to the level of the untreated costwdiile only partially inhibiting LD
formation in response to the CLA isomers (Figurd9}

Contrary to ourn vitro results, several studies in rats showed that Cé&ehses
hepatic TG levels by increasing the gene expressitipid oxidative genes (180-181,
228), which are target genes of PRARurthermore, recent evidence from our lab
demonstrated that the t10,c12 CLA isomer reducpatiesteatosis in obese insulin-
resistanfa/fa Zucker rats, possibly by decreasing hepatic adiiogbvels and reducing
LD size in the liver (205). It is interesting totedhat adipophilin is transcriptionally
regulated by PPA&In mouse liver and rat and human hepatoma cefsigh a highly
conserved direct repeat-1(DR-1) element (37). Ta&gather, these results indicate that
PPARu plays a significant role in the regulation of hiégpaG level in bothin vivo andin

vitro models.
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Wy14643 reduces H4IIE cell viability

As shown previously, compared to untreated comt$, treatment with 60 uM
of the CLA isomers significantly increased cellhilday but there was no effect of 60 uM
LA treatment. Interestingly, combined treatmen¥6f14643 (PPAR activator) with
CLA isomers or LA decreased H4IIE viability. Howey#/y14643 in the absence of the
FAs had no effect on cell viability (Figure 14). dindings indicate that PPAR
activation by Wy14643 in the presence of CLA isosrar LA was associated with
decreased cell viability thereby implicating thepmntance of this nuclear receptor in the
survival of the H4IIE cells. From our results, @rcbe speculated that the inhibition of
LD formation by Wy14643 occurs at an early stagereby also inhibiting cell growth at
an early stage. Consequently, this may decreabeiaeility at low concentrations (60

pnM) of the CLA isomers that otherwise promote gélbility.

Dietary CLA isomers and PPARa expression and

phosphorylation in liver of fa/fa Zucker rats

Our previous observation that PP&Rctivation is associated with reduced LD
formation in H4IIE cells suggests that PRAEffectively modulates FA metabolism
under conditions associated with elevated FAs sgabbesity and steatosis. PRAEan
exist in a phosphorylated form, and its phosphaiofeis increased by ciprofibrate in Fao
cells (106). In addition to its ligand-induced mation, PPAR is regulated by
ubiquitination (176) and phosphorylatisia ERK-MAPK, PKA and PKC (49). CLA,

primarily the c9,t11 CLA isomer, has been showbéda potent ligand for human
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PPARu (134). However, the effect of CLA isomers on PRAshosphorylation is
currently unknown. Therefore, we investigated tfieat of dietary CLA isomers on
PPARu level and its phosphorylation in the livers of ek old malda/fa and lean
Zucker rats fed either a control or a CLA isome#d% wt/wt c9,t11 or 0.4% wt/wt
t10,c12) diet for 8 weeks (kindly provided by Ddl@estringer).

Immunoblotting results showed that feeding fdéa rats the c9,t11 CLA isomer
(fa 9,11) had no significant effect on PPARhosphorylation compared to the lean
control (In Ctl) (Figures 15). Also, compared te th Ctl, levels of phospho-PPARS21
were significantly lower in the t10,c12 CLA-féalfa rats (fa 10,12) while there was no
significant effect of t10,c12 on phospho-PRARL2 (Figure 16). However, PPARevel
was not significantly affected by any of the digt@LA treatments (Figure 17). These
results suggest that only the t10,c12 CLA isomfcéd PPAR phosphorylation at the
serine 21 position. Interestingly, treatment ofegeent H4IIE rat hepatoma cells with the
potent PPAR agonist, Wy14643 reduced phospho-PRAR 2 and S21 levels (Figures
A.1-A.2 in the Appendix section). Other investigat(208) have shown that PPAR
MRNA and protein levels as well as PRARanscriptional activity are increased through
decreasing receptor phosphorylation at serindsaAfF1 region of human hepatoma
cells (HepG2) (discussed in detail in Review ottature 2.1.3-iii PPARs- PPAR
section). These results show that both Wy14643tlaad10,c12 CLA isomer similarly
reduce hepatic PPARphosphorylation at Ser 21whereas the ¢9,t11 CbAer has no

significant effect on PPA&Rphosphorylation.

There was no significant difference in the levdlstearoyl co-A desaturasel

(scdl) in the fa Ctl and the fa 10,12 groups corgbéo the In Ctl (Figure 18).
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Furthermore, we observed no significant differeincde phosphorylation of p44/42
MAPK (Figure 19) in the fa Ctl and the fa 10,12 gpe compared to the In Ctl group.
The t10,c12 CLA isomer significantly increased p@sphorylation of p38 MAPK in the
fa/farats (fa 10,12 group) compared to all the otheugs (In Ctl, fa Ctl and the fa 9,11
groups) (Figure 20). However, neither of the CLAners affected p44/42 MAPK
phosphorylation in quiescent H4IIE rat hepatoméd@ligures A.5-A.6 in the Appendix
section). These data imply that the effects oftiflec12 CLA isomer on p44/42 MAPK
phosphorylation observed in tfefa Zucker rats may be an indirect effect of this CLA

isomer.

A recent study demonstrated that aldose reductasiel{ catalyzes the reduction
of a variety of aldehydes and carbonyls, includimgnosaccharides) regulates hepatic
PPARu phosphorylation and activity mainly by p44/42 MARBIKgnaling in mouse
hepatocytes (179). The MAPK signal transductiomyaty has an important role in cell
growth. Thus, discovering if CLA isomers mediatéAR functions either in a MAPK-
dependent or -independent manner could provideiLisgbrmation regarding the actions
of this important bioactive compound. We have destrated that the activation of
MAPK signalling molecule (increased p38 phosphdigig in fa 10,12 rats was
associated with reduced PPARhosphorylation at S-21 indicating that the t10,E1LA
isomer affects these molecules through indepenaihtvays. It is also interesting to
note that a similar response in PRAfReduced phosphorylation) and MAPK (increased
phosphorylation) was observed with the PRRARtivator, Wy14643 (Figure A.3 in the

Appendix section). Therefore, we speculate that #6¢B and the t10,c12 CLA isomer
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increase PPA&transcriptional activity via reduced receptor pitazrylation in a MAPK

independent manner.

The importance of PPARas a dietary FA sensor and in regulating hepaic F
content and composition was highlighted in anogitedy under low fat intake conditions
(4.8% w/w) which showed that PUFAs reduced hegatistores in wild-type PPAR
mice but not PPAR null mice (126). NAFLD is closely linked with oligsand an anti-
obesity role for PPAR s well supported by several studies in rodentsiastered
synthetic PPAR agonists (71, 123, 226). Murakami et al. (137)dated a protective
effect of PPAR agonism against abnormal lipid metabolism in therlof obese Zucker

fa/fa rats.

Previous studies from our laboratory have demotestrénat the PPA&Iligand,
t10,c12 CLA, reduces hepatic steatosis in obesdimeesistanfa/fa Zucker rats. These
changes were associated with a significant decliedsepatic adipophilin levels and a
reduction in LD size (205). This effect was notetved with the c9,t11 CLA isomer.
Our results, therefore, contribute to an understandf the roles of FA and PPARN
CLA-induced LD formation in H4IIE cells and in urrdeanding the mechanism of the
anti-steatotic effect of the t10,c12 CLA isomefaffa Zucker rats. Priore et al. (177)
have also suggested that increased FA oxidatidmaeihsequent decreased FA
availability for TG synthesis is a potential mecisamby which CLA isomers reduce TG
levels in rat liver. PPAR activation up-regulates genes involved in FA otaa

pathways, as well as increases hepatic uptakestadfieation of FFAs (59). Therefore,
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future studies need to focus on expression of RP@Ryet genes involved in FA
oxidation in response to CLA isomer treatment.

These results indicate that PPARctivation has important implications in
treating NAFLD mainly by the reduction of hepatiD formation via decreased receptor
phosphorylation which possibly increases its treaptional activity and affects hepatic
gene transcription. The H4IIE cells served as &uliseodel to examine the direct effects
of CLA isomers, particularly on signal transductiwhile the animal model looked at the

long-term exposure of dietary CLA. Thus these ty&tams play different roles.
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6. CONCLUSIONS

The findings from this study support our first hyipesis that CLA isomers
(c9,t11 or t10,c12) induce LD formation via ACS wais prevented by triacsin C or
Wy14643. Since a similar effect on lipid accumwativas observed with LA, it can be
concluded that LD formation in H4IIE cells is natique to CLA isomers but more likely
a FA effect.

ACS regulates the first essential step of TG foromaby converting FAs into
their acyl CoA forms in the endoplasmic reticuluwmmich is also the site associated with
the biogenesis of LDs in cells. We show for thetftrme that ACS inhibition with
triacsin C is linked to significant reductions iegdatic LD formation by LA or CLA
isomers. In addition to ACS, we show that in thespnce of Wy14643, LD formation
was significantly reduced. These results indicaée FA and PPAR activation have a
modulating role in hepatic lipid accumulation.

The increase in LD formation induced by CLA isomgarticularly at high
concentration, was found to be associated withaedlwat hepatoma viability and
thereby supports our second hypothesis.

From our results, we conclude that the physioldgffacts of CLA isomers on
LD formation and cell viability are related and ded largely on the concentration of the
FA. At low dosage, LD formation is hepatoprotectiseactivating the storage pathway

via ACS and subsequent sequestering of the exéesas$TGs into LDs. CLA isomers
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(c9,t11 or t10,c12) promote quiescent H4IIE viabitit low concentrations while LA has
no such effect. However, the ability of the hepgtes to store excess FAs declines at
higher doses of CLA and LA and this effect was asged with reduced cell viability.
Consequently, concentrations higher than 120 pMefCLA isomers or LA decreased
the viability of the hepatoma cells.

In addition, we demonstrate for the first time tegtary t10,c12 CLA isomer
significantly reduced PPARphosphorylation which is contrary to our last hy@sis.
The t10,c12 CLA isomer specifically increased p38RK phosphorylationn vivo but
this effect was not observed with the ¢9,t11 isofBese results indicate that the t10,c12
CLA isomer mediates hepatic PPARhosphorylation and thereby its activity in a
MAPK-independent manner. Since these changes weéyebserved between the In Cil
and the obese insulin resistéafa rats fed the t10,c12 CLA diet, the group with
decreased hepatic steatosis, we speculate thehtzmt of PPAR through decreased
receptor phosphorylation at serine 21 in the Allore may be an independent effect of
the t10,c12 CLA isomer in obesity and insulin resise.

Therefore, results of this thesis provide noveights into the mechanism of the
isomer-specific effects of CLA in LD formation, telability and help to shed light into
the underlying mechanism, particularly with resgedhe role of ACS and PPAR

activation in these two important cellular processe
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7. STRENGTHS AND LIMITATIONS OF THE RESEARCH

STRENGTHS

One of the greatest strengths of this study wasisleeof the rat H4IIE
hepatoma cell line as the experimental model. IgjirBIIE cells specifically
express the PPARisoform. Secondlyin vitro models enable the investigation of
the effects of various compounds under similar ¢gangs and timelines, which is
not feasible with animal models.

By using H4IIE cells, we have demonstrated forfirst time that LD
formation by CLA isomers and LA is dose-depende¥e.further showed that
this effect is markedly reduced by triacsin C, gepbinhibitor of acyl CoA
synthetases, as well as the PRAdgonist, Wy14643. This vitro model has
enabled us to examine the direct effects of CLANSs on hepaocyte viability
with respect to LD formation and lipid accumulation

Furthermore, cell viability was assessed with WSWASich is much more
sensitive than the conventional MTT, XTT, MTS or W$ and the kit does not
require harvesting, washing or solubilization stdpgsus, experimental error is
greatly reduced. The cck assay can also be usaditate cell growth, however,
when applied to quiescent and non-growing celisait be used to measure

survival or cell viability.
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LIMITATIONS

One of the main limitations of this study was relijag the cell viability
assay. Cell viability was measured indirectly vtttk cck-8 kit which is based on
the reduction of tetrazolium salts (WST-8) to formaa by dehydrogenases. It
therefore implicates a role of the mitochondrighis process, but we did not
study the effects of CLA isomers on mitochondriadtiion/permeability.

Another limitation of this study was that the effeof the inhibitors or
activators were not examined on the expressiohef target genes or directly on

the enzyme activity.
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8. FUTURE DIRECTIONS

. To determine the isomer-specific effects of theél®and t10,c12 CLA on the
expression of PPARtarget genes in hepatic LD formation.

. To measure the activity of the hepatic ACSLs irpoese to PPAR agonists
and/or CLA isomers in order to gain a better un@eding of the mechanism that
triggers FA channeling into specific catabolic gnthetic pathways.

. To perform hepatic FA profiling in order to determaithe effects of c9,t11 and
t10,c12 CLA isomers and Wy14643 on FA compositanng determine the total
amount of lipid.

. Since the mitochondria play an important role in®#dation and apoptosis, it
would be interesting to study the effect of thesepounds on mitochondrial

activity or permeability.
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10. APPENDIX

NAFLD is closely linked with obesity and an antiesiity role for PPAR is well
supported by several studies in rodents admintgyethetic PPAR agonists (71, 123,
226). PPAR can exist in a phosphorylated form, and its phosgétion is increased by
ciprofibrate in Fao cells (106). In addition to iggand-induced activation, PPARS
regulated by ubiquitination (176) and phosphorglatia MAPK, PKA and PKC (49).
The MAPK signal transduction pathway has an impuntale in cell growth. Thus,
discovering if MAPK signal transduction pathway nates PPAR activationvia
affecting the phosphorylation of this nuclear reoepould provide useful insights into

the role of PPAR in NAFLD and its associated hepatocellular damage.

Results from the studies presented in this thesie demonstrated that the CLA
isomers (c9,t11 and t10,c12) differentially afféed phosphorylation of PPARwith the
t10,c12 isomer decreasing phosphorylation at Sgro2ition and the ¢9,t11 isomer
reducing PPAR phosphorylation at both the serine sites (S12edkag S21). However,
this effect was associated with the activatiorhefp44/42 MAPK, particularly with the
t10,c12 CLA isomer. These results suggest thaCth& isomers affect PPAR
phosphorylation and thereby its transcriptionaivétgtin a MAPK-independent manner.
Other investigators (208) have shown that PEAHRNA and protein levels as well as
PPARu transcriptional activity are increased throughrdasing receptor phosphorylation

at serines in the AF1 region of human hepatoma ¢ditpG2) (discussed in detail in
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Review of Literature 2.1.3-iii PPARs- PPARection). However, the effect of the

PPARu agonist, Wy14643, on PPARand MAPK phosphorylation was not studied.

Therefore, preliminary studies were undertakemvestigate the effects of
Wy14643 on PPAR and MAPK phosphorylation using quiescent H4lIEhepatoma
cells. Cellular protein extracts were used for imminiotting. Our results showed that
treatment with 250 uM Wy14643 significantly reduthkd level of phospho-PPARS12
compared to the untreated control or to the 50 pu1 4843 group (Figure A.1).
Similarly, levels of phospho-PPARS21 were significantly lower in the quiescent H#II
cells treated with higher concentrations of Wy146430 uM and 250 pM groups)
compared to the untreated control or to the 50 14843 treatment group (Figure
A.2). Interestingly, treatment with 250 uM Wy146&gignificantly increased the
phosphorylation of p44/42 MAPK compared to all ttkeer groups (Figure A.3).

Therefore, in order to gain more insight into timelerlying molecular mechanism
of Wy14643-induced p44/42 MAPK phosphorylation, stedied the effects of the potent
p44/42 inhibitor, PD98059 on p44/42 MAPK phosphatign. Interestingly, treatment
with 10°> M PD98059 significantly reduced Wy14643-inducedsiihorylation of p44/42
MAPK compared to the Wy14643 treatment group (Feghr).

We next compared the effects of the individual Aké&mers (c9,t11 or t10,c12)
on Wy14643-induced p44/42 MAPK phosphorylatiorwds found that neither of the
CLA isomers affected p44/42 MAPK phosphorylatiomgared to the untreated controls
(Figures A.4 and A.5). However, concomitant additoxd 250 pM Wy14643 in the
t10,c12 CLA isomer treated cells significantly ieased p44/42 MAPK phosphorylation

(Figure A.5). These results indicate that Wyl464@diced phosphorylation of p44/42
135



MAPK is not affected by the t10,c12 CLA isomer.drgstingly, combined treatment of
the c9,t11 CLA isomer and Wy14643 significantlyweed p44/42 MAPK
phosphorylation compared to the Wy14643 treatmesupg(Figure A.6). Thus, the
c9,t11 CLA isomer potentially suppresses Wyl14648:aed phosphorylation of p44/42
MAPK similar to the p44/42 inhibitor, PD98059.

To conclude, our preliminary results have demotetirghat the PPARagonist,
Wy14643 reduced the phosphorylation of PRAR serines 12 and 21 in the AF1 region
of the H4IIE rat hepatoma cells. We also obserhatl this effect of Wy14643 was
associated with increased phosphorylation of p4AMAPK. Thus, we report that
Wy14643 reduces hepatic PPARhosphorylation at both serine 12 and 21 positions
whereas the t10,c12 CLA isomer reduces P& ARosphorylation only at Ser 21.
Therefore, we speculate that these compounds seEilRBAR transcriptional activity
via reduced receptor phosphorylation in a MAPK indejegih manner, since these
changes were associated with increased MAPK phoglalion. It is also interesting to
note that only the ¢9,t11 CLA isomer suppressediilg@4643-induced p44/42 MAPK
phosphorylation. This effect was not observed wh#t10,c12 CLA isomer. In addition,
Wy14643 affects p44/42 MAPK in a MEK-dependent narsince PD 98059 inhibited
Wy14643-induced p44/42 MAPK phosphorylation. It Wwbbe interesting to see if the
c9,t11 CLA isomer affects p44/42 MAPK phosphoryatin a similar manner. Future
research may help to further clarify the underlymnglecular mechanism of CLA isomers

and Wy14643 on the MAPK signalling pathway and PRAMnNscriptional activation.
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Figure A.1: Phospho-peroxisome proliferator activagd receptor (PPAR)a S-
12 levels in quiescent H4IIE rat hepatoma cells.

a) Quiescent H4IIE rat hepatoma cells were treaddd50 uM, 100 uM and 250
MM Wy14643 (Wy) in triplicate for 30 minutes to diuthe dose response of this
PPARu agonist on the phosphorylation of PRARCellular protein extracts were
analyzed by immunoblotting using an antibody tleabgnizes phospho-PPAR
S-12. A representative blot is shown.

b) Corresponding densitometric analysis of the bgpénel a) in arbitrary units.
Band intensities on each blot were quantified lansg densitometry and
plotted as means SEM (n=3). Statistical significance (p < 0.05) vaetermined
by one-way ANOVA and Tukey’s test. Bars with ditfet letters are significantly
different.
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Figure A.2: Phospho-peroxisome proliferator activaed receptor (PPAR)a S-
21 levels in quiescent H4IIE rat hepatoma cells.

a) Quiescent H4IIE rat hepatoma cells were treaidd50 uM, 100 uM and 250
MM Wy14643 (Wy) in triplicate for 30 minutes to dtuthe dose response of this
PPARu agonist on the phosphorylation of PRARCellular protein extracts were
analyzed by immunoblotting using an antibody tleabgnizes phospho-PPAR
S-21. A representative blot is shown.

b) Corresponding densitometric analysis of the bgpdnel a) in arbitrary units.
Band intensities on each blot were quantified lansing densitometry and
plotted as means SEM (n=3). Statistical significance (p < 0.05) veetermined
by one-way ANOVA and Tukey’s test. Bars with difet letters are significantly
different.
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Figure A.3: Effects of Wy14643 on phospho-p44/42 MK (mitogen
activated protein kinase) levels in quiescent H4lIEat hepatoma cells.

a) Quiescent H4IIE rat hepatoma cells were treaddd50 uM, 100 uM and 250
UM Wy14643 (WYy) in triplicate for 15 minutes to diuthe dose response of this
PPARu agonist on the phosphorylation of p44/42 MAPK.|@al protein

extracts were analyzed by immunoblotting usingtadies that recognize
phospho-p44/42 MAPK and p44/42 MAPK. A represeuntalilot is shown.

b) Corresponding densitometric analysis of the bgpénel a) in arbitrary units.
Band intensities on each blot were quantified lansg densitometry and
plotted as means SEM (n=3). Statistical significance (p < 0.05) veetermined
by one-way ANOVA and Tukey’s test. Bars with ditfet letters are significantly
different.

139



a) None None+Wy PD PD+Wy

ek o

p44/42 MAPK |

b)

181 T 1-Wy14643 | T
7] +Wy14643
14 | -

12 + a .

1.0 .

0.8 |- ]

06 | -

O

04

L

0.2 | E

p-p44/42 MAPK/p44/42 MAPK (Arbitrary units)

0.0

None PD
Treatments

Figure A.4: Effects of PD98059 on phospho-p44/42 M (mitogen
activated protein kinase) levels in quiescent H4lIEat hepatoma cells.

a) Quiescent H4IIE rat hepatoma cells were predteaith 10> M PD98059

(PD) for 30 minutes followed by the addition of 25M Wy14643 (WYy) for
another 30 minutes (in triplicate) to assess tfeces of this potent p44/42 MAPK
inhibitor on Wy-induced phosphorylation of p44/42ARK. Cellular protein
extracts were analyzed by immunoblotting usingtadies that recognize
phospho-p44/42 MAPK and p44/42 MAPK. A represeutallot is shown.

b) Corresponding densitometric analysis of the bgpénel a) in arbitrary units.
Band intensities on each blot were quantified lansg densitometry and
plotted as means SEM (n=3). Statistical significance (p < 0.05) vaetermined
by one-way ANOVA and Tukey's test. Bars with ditfet letters are significantly
different.
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Figure A.5: Effects oftrans-10cis-12 (t10,c12) CLA isomer on phospho-
p44/42 MAPK (mitogen activated protein kinase) levis in quiescent H411E
rat hepatoma cells.

a) Quiescent H4IIE rat hepatoma cells were predceaith 60 pMrans-10cis-
12 CLA (t10,c12) for 30 minutes followed by the auoh of 250 uM Wy14643
(Wy) for another 30 minutes (in triplicate) to ass¢he effects of this CLA
isomer on Wy-induced phosphorylation of p44/42 MARXIlular protein
extracts were analyzed by immunoblotting usingtadies that recognize
phospho-p44/42 MAPK and p44/42 MAPK. A represeutalilot is shown.

b) Corresponding densitometric analysis of the bgpénel a) in arbitrary units.
Band intensities on each blot were quantified lansg densitometry and
plotted as means SEM (n=3). Statistical significance (p < 0.05) vaetermined
by one-way ANOVA and Tukey's test. Bars with ditfet letters are significantly
different.
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Figure A.6: Effects ofcis-9trans-11 (c9,t11) CLA isomer on phospho-p44/42
MAPK (mitogen activated protein kinase) levels in giescent H4IIE rat
hepatoma cells.

a) Quiescent H4IIE rat hepatoma cells were preadtewith 60 pMcis-9trans-11
CLA (c9,t11) for 30 minutes followed by the additiof 250 uM Wy14643 (Wy)
for another 30 minutes (in triplicate) to assessdfiects of this CLA isomer on
Wy-induced phosphorylation of p44/42 MAPK. Cellupaptein extracts were
analyzed by immunoblotting using antibodies thabgmize phospho-p44/42
MAPK and p44/42 MAPK. A representative blot is stmow

b) Corresponding densitometric analysis of the bgpdnel a) in arbitrary units.
Band intensities on each blot were quantified lansg densitometry and
plotted as means SEM (n=3). Statistical significance (p < 0.05) vaetermined
by one-way ANOVA and Tukey’s test. Bars with difet letters are significantly
different.
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