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SUMMARY

High density lipoprotein (HDL) or its apolipoprotsi remove excess free cholesterol
from cells to maintain cellular cholesterol homas&. This process, which is defined as
reverse cholesterol transport (RCT), prevents Kuessive cholesterol accumulating on
the vessel wall and the development of atherossierehich causes significant morbidity

and mortality in the developed societies.

In this study, apolipoprotein A-1 (apoA-I) and rhgkp-cyclodextrin (M3CD) were used
as cholesterol acceptors to investigate the mesimandf intracellular cholesterol
trafficking and its effect on cholesterol efflux uman fibroblast. ApoA-I is the main
protein of HDL that plays a key role in cholesteeéflux in vivo. It has been pointed out
that apoA-I could bind directly to the exofaciacéaof the caveolae to facilitate FC
desorption (Saito et al., 1997) and stimulate thadiocation of intracellular cholesterol
to the plasma membrane (Oram and Yokoyama, 1996)sahsequent enhancement of
the efflux of intracellular cholester¢Bviridov and Fidge, 1995). On the other hand,
MBCD is a non-specific acceptor for cholesterol. dtsgcholesterol from both caveolae
and non-caveolae membrane domains. The result;iedtan this study confirm that the
kinetics of cholesterol effluxes to apoA-I oifID were clearly different in most cases,
probably due to the fact that apoA-l andp@D take cholesterol from different
cholesterol pools. Here, the cholesterol was framm different cholesterol pools: plasma
membrane derived cholesterol, which was directbeled with*H-cholesterol, and de

novo synthesized cholesterol labeled by ustgcetate as the precursor.



Before cholesterol efflux, the cells were treatathwifferent drugs which would affect
the microtubules, the actin filaments, the Golgpaatus and the ER, respectively, to
examine if these subcellular organelles are inwivecholesterol trafficking and efflux.
From the results of this study, it is known thatvesslae is the key regulator of
intracellular cholesterol trafficking and efflux.idassembly of caveolae by cholesterol
depletion markedly increased the cholesterol efftaxapoA-I. Disruption of actin
microfilaments which are necessary for caveolaegiity also significantly enhanced
cholesterol efflux. This result is a further sugpfar the conclusion that caveolae are
very important for cholesterol trafficking and eftfl One of the other conclusions can be
drown through this study is that Golgi apparatupeaps to play a minor role in the
movement of nascent cholesterol from ER to plasmambmane. It seems that
microtubules, U18666A-inhibited cholesterol inthdar trafficking and ER-plasma
membrane contacts did not affect cholesterol effitpany significant level. However,

more investigations are needed to verify theserghtiens.

Xi



CHAPTER 1. INTRODUCTION

1.1 Cellular cholesterol homeostasis and atherosoesis

1.1.1. Cellular cholesterol homeostasis

Cholesterol is an essential component of cell-serfaembranes. It functions to maintain
the fluidity of cell membranes which separate tak ftrom its extracellular environment.

It also provides the material for synthesis of kaleds and steroid hormones. At the
cellular level, cholesterol homeostasis is mairgdiby regulated cholesterol uptake, de

novo synthesis, intracellular transport and efflux.

1.1.1.1. Cholesterol uptake

Extrahepatic cells obtain cholesterol by endogersymhesis and from circulating low
density lipoprotein (LDL) particles, which are takep via specific cell-surface receptors.
Brown and Goldstein first demonstrated the presefdegh-affinity LDL-binding sites
on the surface of normal cells (Brown and Goldst&886).LDL binds to LDL-receptors
that cluster in clathrin-coated pits, specializedaginations in the cell-surface, followed
by formation of clathrin-coated vesicles, which sedpuently become uncoated.
Thereafter, a complex vesicular pathway selectiagits both proteins and lipids that

enter the lysosomes for subsequent metabolisnggielg unesterified cholesterol to other



intracellular sites and plasma membrane (Fielding Bielding, 1997). The number of
LDL-receptors expressed on the cell-surface is rotlatl by negative-feedback

regulation involving the cells’ demand for cholesteand membrane-bound transcription
factors termed as sterol regulatory element-bingirgeins (SREBPs) (Horton et al.,
2002). When the concentration of cholesterol indék rises or demands for cholesterol
are low, transcription of the LDL-receptor is suggsed (Brown and Goldstein, 1986;
Horton et al., 2002); this slows down plasma LDkahnce and, consequently, the
accumulating particles tend to undergo oxidativenalige by free radicals. In contrast,
when cellular cholesterol levels fall or demands fdholesterol are high, gene
transcription is induced to enhance expression DBE lteceptors and LDL clearance.

These regulatory mechanisms serve to maintain astaon level of unesterified

cholesterol, despite fluctuations in cellular regments and exogenous supplies.

The cell surface scavenger receptor class-B ty{@RIBI) functions as a HDL receptor
that mediates nonendocytic, selective uptake ofesterol. Unlike the classical LDL
receptor pathway, in which the entire lipoprotesninternalized in clathrin-coated pits
and degraded (Brown and Goldstein, 1986), HDL biodSR-BI and the core cholesteryl
ester (CE) is delivered to cross the plasma memebraithout endocytosis and
degradation of the entire HDL particle (Pittmanaét 1987).This two-step process is
termed as ‘selective-uptake pathway’, with thetfatep being lipoprotein binding to the
extracellular domain of SR-BI clustered in cavedkael the second step the transfer of

lipids from HDL particle to cross the plasma menmeréKrieger, 1999).



1.1.1.2. Cholesterol synthesis

Cholesterol synthesis is a complex biosynthetic@ss which begins with acetyl-CoA
and involves more than 27 enzymes, many of whieh lacated in the endoplasmic
reticulum (ER) (Urbani and Simoni, 1990). The eneyBthydroxy-3-methylglutaryl-
coenzyme A (HMG-CoA) reductase catalyzes the ratgihg reaction in cholesterol
biosynthesis pathway (Brown and Goldstein, 1980)L-derived cholesterol suppresses

intracellular cholesterol synthesis by depresdiegatctivity of HMG-CoA reductase.

1.1.1.3. Intracellular cholesterol distribution

The correct cholesterol intracellular distributisressential for many biological functions
of mammalian cells. In the biosynthetic secretoaghpray, cholesterol concentration is
lowest in the ER. It increases through the Golgiaaptus, with the highest concentration

in the plasma membrane (Liscum and Munn, 1999).

Although cholesterol is synthesized in ER, choledteoncentration in the ER is very
low, comprising only 0.5-1% of total cellular chslerol (Lange et al., 199%lowever,
cholesterol concentration in the ER membrane iscigtufor cellular cholesterol
homeostasis because many aspects of cholestendhtieg are under tight feedback

control and are sensitive to the cholesterol commatan in the ER.

The cholesterol content of the Golgi apparatusiierimediate between those of the ER

and the plasma membrane (Mukherjee et al., 199Bas been proposed that rafts rich in



cholesterol form in the Golgi apparatus and arecsekely transported to the periphery

from thetrans-Golgi (Simons and Ikonen, 1997; Ikonen, 2001).

In mammalian cells, the plasma membrane normalhtains majority of cellular free

cholesterol (FC) (Liscum and Munn, 199%).several extrahepatic cell lines, including
fibroblasts, only small part of plasma membrandegterol localized in exofacial leaflet
of the membrane (Fielding and Fielding, 199 first transported to caveolae is
subsequently distributed to other plasma membrangads, or released to extracellular
acceptors (Fielding and Fielding, 199%mart et al., 1996Jittenbogaard et al., 1998).

FC in excess may be esterified by acyl coenzymédlesterol acyltransferase (ACAT)

and stored as CE droplets within the cytoplasm (Qfet al., 1997).

Intracellular cholesterol trafficking is respongibko maintain the proper cellular

cholesterol distribution and cholesterol efflux.

1.1.1.4. Cholesterol efflux

The removal of excess FC from cells by HDL or iolgpoproteins is important for
maintaining cellular cholesterol homeostasis. Nwdti mechanisms for cellular
cholesterol efflux exist. Efflux of FC via aqueodifusion occurs within all cell types
but is inefficient (Phillipset al., 1987). Efflux of cholesterol is enhancecewtsR-BI is

present in the cell plasma membrane (Jig et a@71Both diffusion-mediated and SR-

Bl-mediated effluxes occur to phospholipid-contaghacceptors (ie, HDL and lipidated



apolipoproteins); in both cases, the flux of chi@ed is bidirectional, with the direction
of net flux depending on the cholesterol gradidte ATP-binding cassette transporter
Al (ABCA1) mediates efflux of both cellular cholesil and phospholipid. In contrast to
SR-Bl-mediated flux, efflux via ABCALl is unidireotial, occurring to lipid-poor
apolipoproteins. The details of these three meshamiwill be discussed further in

section 1.3.

1.1.2. Atherosclerosis

Atherosclerosis causes significant morbidity andtaiy in the developed societies. The
magnitude of this problem is profound, as atherrssis claims more lives than all types
of cancer combined. Although currently it is a peob of the developed world, the
World Health Organization predicts that global emoic development could lead to an
epidemic of atherosclerosis in the developing coemtthat acquire Western life style.
Atherosclerosis is characterized by the accumudated cholesterol deposits in
macrophages in large- and medium-size arteries.rdgphages internalize modified
lipoproteins and cell debris and this process tsregulated by cholesterol. In contrast to
other cells, macrophages accumulate lipid in catliés. Released from lysosomes, FC is
transferred to the ER either directly or indirectip the plasma membrane. In the ER,
cholesterol is esterified by ACAT to protect thdl deom the cytotoxicity of excess
unesterified cholesterol (Chang, 199CEs have lower water solubility than cholesterol
and appear as cytosolic lipid droplets. The limddn macrophages have foamy shape

and are termed as foam cells which gradually impiog the vessel lumen and hinder



blood flow. This process can last for decades attilatherosclerotic lesion, leading to
thrombosis and compromised oxygen supply to tasggeins such as the heart and brain.
The loss of heart and brain function as a resutedficed blood flow is termed as heart

attack and stroke, respectively (Stocker and Kea2@g4).

1.2. Reverse cholesterol transport (RCT): Functioof HDL

RCT originally discovered by Glomset (Glomset, 1988a pathway transporting excess
cholesterol from extrahepatic cells and tissuethé¢oliver for the synthesis of bile acids
and subsequent excretion from the body. By reduttiegaccumulation of cholesterol in
the wall of arteries, RCT may prevent developmératberosclerosis. Approximately 10
mg cholesterol per kilogram body weight is synthegiby extrahepatic tissues every day
and must be transferred to the liver for effecte¢abolism (Dietschy et al., 1993)DL

particles are thought to play the key role in finistective system against atherosclerosis.

The process of RCT is complex. Lipid-poor apoA-Idia¢es cholesterol efflux from cells.
Cholesterol is converted to CE by enzyme lecithinlesterol acyltransferase (LCAT)
within HDL. CEs are transferred from HDL to apolgotein B—containing lipoproteins
by cholesteryl ester transfer protein (CETP). Th#dL CEs are used for bile acids
biosynthesis in the liver (Daniel, 2003). PréiDL, a discoid lipid-poor patrticle, is the
initial acceptor of cellular cholesterol (Sviridewmnd Nestel, 2002). It may be originated

mainly from the surface components of hydrolyzeglyceride-rich lipoproteins in the



blood stream. Accumulation of cholesterol into paeticles transforms the pfe-HDL
into larger spherical lipoprotein particles, namedse 3,-HDL, which is the substrate for
LCAT. FC on the surface of pfe-HDL is converted to more lipophilic CEs by LCAT,
leading to an expansion of particles into spherstepe. These particles acquire more
cholesterol from pf@HDL (Sasahara et al., 1998) and are transforméal larger o,-
HDL anda;-HDL. The HDL particles finally transfer cholestéto the liver by at least
two distinct processes: (i) HDL particles dock be tSR-BI receptors which express on
the cell membrane of the hepatocyte; (i) HDL pde exchange CEs for triglyceride
from remnant particles and LDL, a process driventhy action of CETP. Finally,
triglyceride and phospholipids are hydrolyzed bpdte lipase. Particles are remodeled
into smallerag-HDL particles and lipid-free apoA-I1, which in tueme rapidly re-lipidated
by cellular cholesterol and phospholipids to forewnpres;-HDL. As discussed above,
HDL cholesterol is finally delivered to the livddepatic cholesterol can then be excreted
from the body either as FC directly or after cosu@n to bile acidsThe liver is the only
organ which can substantially influence net exoref cholesterol from the body and
cholesterol delivered by lipoproteins is a primapurce of substrates for biliary lipid

secretion as bile acids and cholesterol (Ange®95).

An inverse relationship between HDL levels and theidence of atherosclerotic
coronary artery disease has been supported by ousepidemiological studies. It
seems that HDL cholesterol is associated with ptimie against coronary artery disease
because HDL levels indicate the efficiency of R®any of the factors that increase

HDL level are antiatherogenic, due to the complaterrelationships of HDL and



triglycerides-rich lipoprotein metabolism and othenetabolic pathways. Each

interposition influencing HDL will have to be prasgively evaluated (Tall, 1990).

1.3. Pathways mediating cellular cholesterol efflux

Cholesterol efflux, in which excess cellular FGeteased from cells to HDL particles, is
the first step of RCT. It is a complex process andtiple mechanisms exist, depending
on the particular cell type and its metabolic stdiferent membrane cholesterol pools
and the nature of the acceptor particles. . Thex&&nown mechanisms of FC efflux: (1)
aqueous diffusion, (2) SR-Bl-mediated FC effluxg 4d8) ABCAl-mediated efflux. Each

mechanism and its relative importance will be dssed briefly here (Yancey et al.,

2003).

1.3.1. Aqueous diffusion

The simplest and most basic mechanism for cellolaslesterol efflux is aqueous
diffusion in which individual cholesterol moleculdgsorb from the plasma membrane,
diffuse through the aqueous phase and are capbyrptospholipids containing acceptor
particles. This process is passive and driven leydolesterol concentration gradient

(Johnson et al., 1991).

The FC transfer rate from cells to medium is inflced by both cell and acceptor

properties. At low acceptor concentrations, the tFsfer rate is dependent on the



frequency of diffusion mediated collisions betwedtolesterol molecules and acceptor
particles. At high acceptor particle concentratjortke desorption of cholesterol
molecules from the surface of cells becomes the-lnaiiting step; there is a high
activation energy acquired for this step, and dtel®l transfer rates are strongly

temperature-dependefRhillips et al., 1987).

The rate of FC efflux via aqueous diffusion is hygtdependent on the structure of the
acceptor particle. The size of the acceptor partislimportant because it affects the
diffusion-mediated collisions with cholesterol mulées on the cell surface. Large
particles are inefficient acceptors due to thetkehiaccess to the cell surface (Rothblat et
al., 1999). If the distance between the FC donar acceptor is very small, the time
required for diffusion between them will decreadwriously (Fielding and Fielding,
2001). In contrast, two other factors will slow the simpédfusion of FC from cell
surface. Majority of FC in the plasma membranaithe cytofacial leaflet of the bilayer
(Fielding and Fielding, 1997)The rate of cholesterol exchange between the cell
membrane leaflets is relatively slow compared toefilix (Raggers et al., 2000). As a
result, in the absence of other factors, only thafacial pool of plasma membrane FC
(typically 3-5% of total FC) will contribute dirdgtto simple diffusion. Secondly, the
cell surface is bounded by an ‘unstirred water faydich forms a significant diffusion
barrier. The extent of ‘unstirred water layer’ isveérsely proportional to the solute

diffusion coefficient (Pohl et al., 1998).

1.3.2. SR-BI mediated cholesterol efflux



Early studies showed that different kinds of cedighibit significantly different
cholesterol efflux rates to phospholipids contajnacceptors (Rothblat and Phillips,
1982) due to several possible reasons, such aabuay in the fluidity or cholesterol
content of the plasma membrane, in the thicknessoarposition of the extracellular
matrix, which might affect the access of choledtaazeptors to the plasma membrane,
or in different expression levels of lipoproteinceptor in the plasma membranes of
different cell types (Rothblat et al., 1999). Supsmt studies have shown that these
differences are attributable to different expresdevels of SR-BI (Ji et al., 1997; Jian et
al., 1998). This conclusion is supported by theeeixpent that efflux is accelerated from
COS-7 cells transiently transfected with SR-BI cangal with efflux from control COS-7

cells (de la Llera-Moya et al., 1999).

Besides stimulating the efflux of FC, expressiorS&-Bl also drives the influx of FC.
Thus, movement of FC via SR-BI is bidirectional dhel net movement of FC via SR-BI
depends on a preexisting cholesterol concentrgtiadient (Kellner-Weibel et al., 2000;

de la Llera-Moya et al., 2001).

The detailed mechanism by which SR-BI facilitatee bidirectional flux of FC is not
very clear. Although not proven, it is often assdntigat SR-BI facilitates the diffusion
mechanism of FC flux. Binding of the acceptor mdes in close apposition to SR-BI
could possibly enhance the aqueous diffusion byceoimating the acceptor particles at
the cell surface. However, it has been proven lingti-affinity binding to cell surface

receptors alone is not sufficient to stimulate ¢fftux of FC, because the expression of

10



CD36 in COS-7 cells markedly enhances the higmigffibinding of HDL but does not
increase efflux. The data indicate that SR-BI clesntipe plasma membrane cholesterol
organization and then enhances the bi-directiohalesterol flux between cells and
extracellular acceptors (de la Llera-Moya et a@99). The presence of SR-BI on the
plasma membrane creates an environment wherebatdhef exchange of FC molecules
is increased. In such a situation the net movenoénEC between cell surface and
acceptor articles is not influenced by SR-BI. Iastethe net movement of FC is decided
by the FC gradient that exists between the acceptod the cell surface. It is likely that
the SR-Bl-induced changes in plasma membrane aa@om involve caveolae and/or
lipid rafts (Rothblat et al., 199%ecause in some cell types, SR-BI is localized to
caveolae and lipid rafts, areas of the membrane ara rich in both cholesterol and

sphingolipids (Babitt et al., 199Graf et al., 1999).

1.3.3. ABCA1 mediated cholesterol efflux

1.3.3.1. Discovery of ABCA1

The discovery of ABCA1 came from the study of tlatignts with Tangier disease, a rare
recessive disorder. These patients present with lee levels of lipid-free apoA-I and
HDL, accumulation of CE in macrophage-rich tissumsd large orange tonsils
(Fredrickson, 1964). In the cholesterol enrichedrdiblasts and macrophages from
patients with Tangier disease, efflux of choledtara phospholipid to lipid-free apoA-I

is markedly reduced but efflux to HDL as acceptensormal (Francis et al., 1995). Since

11



apoA-l is unable to sequester cholesterol and giagpd to generate discoidal ppe-

HDL, the apoA-I protein is rapidly degraded (Knigh004).

In 1999, several groups using different strategleatified ABCA1 as the defective gene
in Tangier disease patients, and proposed thapibiein controls the transfer of both
cholesterol and phospholipid to apoA-I, the inis&p in HDL synthesis (Brooks-Wilson

et al., 1999; Bodzioch et al., 1999; Rust et &99).

ABCALl belongs to the ATP-binding cassette (ABC) ilgmof genes encoding
transmembrane proteins which have common structinalacters. Each member of the
ABC family is believed to transport a specific s€tmolecules (e.g. ions, amino acids,
proteins, sugars, phospholipids and a range ofsjiragross the plasma membrane, as
well as intracellular membranes of the ER and rhibmciria using ATP (Dean et al.,
2001). Each transporter contains either one or ¢aoies of structural elementsa
hydrophobic region of six transmembrane domains ardydrophilic cytosolic ATP-
binding cassette, comprising two conserved peptidifs (Walker A and Walker B
motifs) and a unique amino acid signature sequbet®een each Walker motif (Walker
et al., 1982). ABCAl contains two of these unitevalently linked by a highly
hydrophobic segment, which is assumably an es$exéiment for the translocation of

lipids.

1.3.3.2. Mechanism of ABCA1l meditaed cholesterol feix: ApoA-I — ABCA1l

interactions
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In contrast to aqueous diffusion and SR-Bl-medidt€d flux, the cholesterol efflux
mediated by ABCAL is unidirectional and net efflofkcellular FC would always occur
via this mechanism independent of the cholesteratlignt. The preferred cholesterol
acceptor for ABCAL is lipid-poor apolipoproteinspesially apoA-l. There has been
considerable controversy over the mechanism ofoactf ABCAL, particularly in

relation to the binding of acceptor molecules.

ABCAl-mediated lipid (cholesterol and phospholipidjflux requires an acceptor
apolipoprotein containing an amphipathic helix,rs@as apoA-I, apoA-Il or apoE. It is

also known that ABCAL1 activity induces the formatiof novel structures that protrude
from the plasma membrane and bind apolipoproteimsgnd Oram, 2000). Probably the
phosphatidylserine exofacial flopping generategoptysical microenvironment required
for the docking of apoA-I at the cell surface. Thas led to the hypothesis that apoA-I
binds to a region of the membrane modified by ABCAlonclusion supported by the
different lateral mobilities of ABCA1 and apoA-I dhe cell surface (Chambenoit et al.,
2001). Subsequent study pointed out that a cytotpaol of FC, which is located in the
plasma membrane, is readily available for effluapoA-I, and ABCA1 may be involved

in the removal of cytotoxic cholesterol (Kellner-ivel et al., 2003). On the other hand,
chemical cross-linking and immunoprecipitation gse& showed that apoA-lI binds
directly to ABCA1 (Wang et al., 2000), and naturaltations in the extracellular loops
of ABCA1 extinguish cholesterol efflux and directteraction of ABCA1 and apoA-I.

Furthermore, a specific mutation in the first logb ABCA1l (W590S) reduced

cholesterol efflux but not cross-linking activityndicating that acceptor binding is
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necessary, but not sufficient, for cholesterolweff(Fitzgerald et al., 2002). Recently, a
novel, highly conserved mo(i¥ FVNFA) of the ABCA1 C terminus was identified. iBh
conserved motif was required for lipid efflux aniteeation of this motif eliminated its

binding of apoA-I (Michael et al., 2004).

Since HDL cholesterol and phospholipid levels aegyviow in plasma from Tangier
disease patients and ABCAL1 is identified as theatefe gene in those patients, it was
initially proposed that ABCAL1 transport both thdg®ds across the plasma membrane
directly. Upon ATP-binding and hydrolysis, cholesteand phospholipids were rapidly
flipped from the inner to the outer leaflet of tihembrane bilayer, to be sequestered by

lipid-poor apoA-I.

However, later study suggests that cholesteroloistine substrate for ABCAL1 and is
effluxed from cells via a two-step mechanism. WHhe&h efflux from cells expressing
high levels of ABCAl1 was inhibited, phospholipidflek to apoA-I still occurred.
Moreover, when this conditioned media containingggholipids-apoA-lI complexes was
transferred to ABCALl-deficient cells, it stimulatefflux of FC, but not phospholipids
(Fielding et al., 2000). Other researchers showatl ABCAL did not bind cholesterol
directly and apoA-l binding to ABCAl1 was closelysasiated with phospholipid
translocation, but not FC efflux (Wang et al., 2D0lhese experiments indicate a two-
step mechanism for FC efflux. Firstly, ABCA1 activaransfers phospholipids (PLs)
across the membrane to lipid-poor apoA-I; this gates discoidal phospholipid-apoA-I

complexes, which can acquire FC subsequently. SE€ABis believed to function
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indirectly as a cholesterol efflux regulatory piotéo promote prgl-HDL formation
(Owen and Mulcahy, 2002). In recent study, the @upointed out that apoAbinds to
ABCAL1 which induces the formation of the perturbed bilayer by its PL transport
activity in the first step. The hydrophohiehelices in the C-terminal domawf apoA-I
insert into the region of the perturbed PL bilagad induce the second step of lipidation

of apoA-1 and formation of nascedADL particles (Vedhachalam et al., 2004).

On the other hand, another hypothesis has beeroggdpto explain the mechanism
through which ABCA1 plays a role in cholesteroll@ff In the mechanism named
membrane solubilization phospholipids and cholestare mobilized simultaneously in
whatever proportions they are present by lipid &ipeA-| as discrete units (Gillotte et al.,

1998; 1999). But the precise mechanism has not bleerdated.

1.3.3.3. Regulation of ABCAL expression

Transcription of the ABCAL1 gene and cell-surfacgression of ABCAL protein are
tightly regulated by many metabolites, includingrets, cAMP, cis-retinoic acid,

peroxisome proliferator-activated receptor (PPAg)rasts, and interferon(IFN- v).

Cholesterol loading is known to increase ABCA1 mR&#&l protein level. This increase
is reversed when cellular cholesterol is removednbybation with HDL (Langmann et
al., 1999). This effect is thought to be mediatgdthe stimulation of liver X receptor
(LXR) nuclear hormone receptadhat is activated by oxysterol ligandBhysiological

LXR ligand 22-R)-hydroxycholesterol and LXR selective agonist T@317 increase
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ABCA1 mRNA level by more than 3-fold. This enhan@his absent in peritoneal

macrophages isolated from LXRnd LXR3 knockout mice (Repa et al., 2000).

Previous study illustrated that RAW264 macrophagested with 8-bromo-cAMP
showed parallel increases in ABCA1 mRNA and proteiurels, incorporation of ABCA1
into the plasma membrane, binding of apoA-lI to sliface ABCA1 and apoA-I-
mediated cholesterol efflux (Oram et al., 2000)wdweer, the regulatory motif in the
human promoter that binds cAMP and activates th€ AB gene has yet to be identified.
In normal macrophages, PPARand PPAR agonists increase ABCA1 mRNA
expression and apoA-lI mediated cholesterol efflulkgreas no effects are observed in
macrophages from patients with Tangier diseasen@iet al., 2001). LXR mRNA
was induced also by these agonists. Furthermoeeadhuition of both PPAR and LXR
activators had an additive effect on induction dB@Al expression. However, no
functional PPAR response element has been idahtiiethe ABCA1 promoter. It
appears that PPAR agonists may indirectly modulsBECA1 gene expression by
activation of the LXR pathway and illustrate a complex interaction betw®PAR:,

PPARy and LXRu in the cellular regulation of ABCAL gene expressio

In contrast, IFN reduces ABCALl expression, thereby reducing apoAethated
cholesterol and phospholipid efflux in mouse peda macrophages and foam cells
(Panousis and Zuckerman, 20000his suggests that by decreasing cellular chalalste

efflux through pathways that include up-regulat@ACAT and down-regulation of
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ABCAL, IFNy may facilitate the conversion of macrophages &nfaells, promoting the

progression of atherosclerosis.

1.4. Intracellular cholesterol trafficking and cholesterol efflux

1.4.1. From lysosome to plasma membrane and the kigiterior

An important cholesterol source is LDL which isemtalized and delivered to lysosomes.
CEs are carried largely in the core compartmetif particles, after its hydrolysis, FC
is rapidly released from lysosomes and appearserplasma membrane (Brasaemle and
Attie 1990;Johnson et al., 1990)L.DL-cholesterol transport from lysosomes to plasma
membrane is inhibited by U18666A but not affecteg dgents that disrupt the
cytoskeleton (Liscum, 1990). The Niemann-Pick CPQ4) protein is the key regulator
responsible for exit of LDL cholesterol from lysoses. Cells with defective NPC1
accumulate unesterified cholesterol in lamellar ie®dderived from lysosomes and
exhibit markedly impaired rates of esterificatioh LWL cholesterol (Pentchev et al.,
1994). NPC cells are defective in the delivery ygosomal cholesterol to the plasma
membrane (Neufeld et al., 1996). Consistent with findings, NPC1 overexpression
increases the rate of delivery of endosomal chedektto the plasma membrane,
providing further support for the role of NPC1 ms trafficking pathway (Millard et al.,

2000).However, the details about function of NPC1 haveyat been pinpointed. The
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NPC1 protein may function in cholesterol modulaksi® endocytic vesicular transport

(Blanchette-Mackie, 2000).

LDL-cholesterol is not only mobilized to the plasm&mbrane but is also transported to
the ER, where cholesterol may become esterified®AT (Liscum and Munn, 1999).
This process is inhibited by hydrophobic amineghsas U18666A (Liscum and Faust,
1989), imipramine (Rodriguez-Lafrasse et al., 198A) progesterone (Butler et al.,
1992). This latter pathway is energy dependentoggkt al., 1996put plasma membrane

independent (Underwood et al., 1998).

1.4.2. From ER to plasma membrane

The nascent cholesterol synthesized in ER is tearesf to plasma membrane rapidly
(half time of ~10 min) (DeGrella and Simoni, 198aplan and Simoni, 1985). The
transport is ATP-dependent and inhibited at 15°f@aiiment with brefeldin A, which
disrupts Golgi apparatus, does not affect nasdeoiesterol transport from ER to plasma
membrane (Urbani and Simoni, 1990his raises the possibility that nascent cholestero
is transported to plasma membrane via a pathwayadsypsolgi apparatus. When
cholesterol arrives in the plasma membrane, ibumd first in the caveolae. Most of the
cholesterol is transported out of the membraneiive plasma is present (Fielding and
Fielding, 1995). In the absence of extracelluaopiteins, cholesterol migrates to the

surrounding non-caveolae membrane (Smart et 86)19
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1.4.3. From plasma membrane to cell interior

Plasma membrane cholesterol is constitutively frarted into the cell interior and
returned to the cell surface rapidly (Lange et &893). This movement of plasma
membrane cholesterol to cell interior is inhibiteyl different reagents. Some of these,
such as hydrophobic amines U18666A (Harméala etl@b4), sphingosine (Harmala et
al., 1993) and progesterone (Lange, 1994libit several intracellular cholesterol
transport pathways. Some drugs which disrupt @ellutytoskeleton also inhibit
cholesterol from plasma membrane to ER. This indg#hat intact intermediate filament
is important to this pathway (Evans, 1994). Thesilts induce the speculation that the
movement of plasma membrane cholesterol to cedlrimt is mediated by vesicular
transport. However, such intermediate has not Ihegnidentified (Liscum and Munn,

1999).

1.4.4. Function of “caveolae

Caveolae are FC-rich, clathrin-free plasma membnaveginations with a characteristic
diameter of 50 to 100 nm (Smart et al., 1999). &tve membrane structure of caveolae
is enriched in cholesterol, gangliosides, ceramdliacylglycerol (Liu and Anderson,
1995), phosphatidylinositol diphosphate (Pike ands&y, 1996) and the integral
membrane protein caveolin which is a 22-kDa chelestbinding protein (Murata et al.,
1995). The involvement of caveolin in cholesterol tranggsrconsistent with several

previous observations. (i) The nascent cholestgmothesized in ER first appears in the
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caveolae domain of the plasma membrane (Smart,€t246).(ii) Progesterone, which
blocks cholesterol transport, causes caveolin aatatian in the lumen of thER (Smart
et al., 1996). (iii) Oxidase treatment of caveathelesterol causes caveolin to dissociate
from plasma membrane and redistribute to intratzellvesicles that co-localize with
Golgi apparatus markers (Smart et al., 1994)) The caveolin mRNA levels and
caveolin expression are very sensitive to the R@ertd of the cell. An increase in LDL-
FC internalizationwas associated with proportional cellular FC andegplation of
caveolin (Fielding et al., 1997). On the other hattiblesterol efflux from HepG2/cav
cells, which are transfected with human caveolamd then express caveolin-1 mRNA, a
high abundance of caveolin-1 protein, and the fdionaof caveolae on the plasma
membrane, is 45% higher than that from parent Hep&R when human apoA-l was

used as acceptor (Fu et al., 2004).

Depletion of caveolar FC with cyclodextrin (CD) l¢éd down-regulation of caveolin
MmRNA and cell surface protein levels (Hailstonesakt 1998). There is evidence
suggesting that caveolae efflux cellular cholestewoHDLs, the principal acceptor of
cellular cholesterol in the RCT pathway (FieldingdaFielding 1995). More recently,
HDL and caveolin-1 were proved co-localized in adae by immunoelectron
microscopy in endothelial cells loaded with chadest (Chao et al., 2003). However, the
direct evidence about this process is absent amdldéka available remain controversial,

partly due to the different cell types used anddifferent analytical methods adopted.
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1.4.5. Function of Golgi apparatus

It is now recognized that Golgi apparatus playses kole in cholesterol sorting and
trafficking. The first noticeable evidence for Goligvolvement in cholesterol movement
was shown by freeze-fracture electron microscojryguslipin as a probe for FC (Coxey
et al.,, 1993).After addition of LDL to cultured fibroblasts for42h, cholesterol is
enriched within specific compartments of the Goldiis cholesterol enrichment in Golgi
apparatus was seen even in NPC fibroblasts. Itswggested that the Golgi was involved
in LDL cholesterol transport from lysosomes to piesma membrane. Treatment of cells
with brefeldin A which can disrupt Golgi apparatesulted in enhanced cholesterol
delivery to ACAT. This could be due to LDL-cholesik destined for the plasma
membrane being redistributed to ER by blocking@udgi dependent pathway (Neufeld
et al., 1996)Subsequent studies confirmed the finding that #ctnGolgi apparatus is
not necessary for the flow of LDL-cholesterol te tiR. The LDL-cholesterol movement
to ACAT is normal even when the Golgi apparatuseasgerely disrupted by brefeldin A
(Underwood et al., 1998 is still unclear whether the Golgi apparatugigolved in the

plasma membrane-independent route of LDL-cholekterosport to the ER.

There were results suggesting that newly synthésthelesterol was transported from
ER to plasma membrane via a vesicular system (Kegoha@ Simoni, 1985However, an
efficient alternate pathway for nascent cholesterolement was proposed when severe
disruption of Golgi apparatus did not alter theetios of cholesterol arrival at the plasma

membrane (Urbani and Simoni, 1990).
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1.5. Aims of this project

Cholesterol is an essential component of cellulamiranes. Cholesterol homeostasis is
maintained by regulating cholesterol uptake andae synthesis, intracellular transport
and efflux. Many diseases are related to defectiielesterol metabolism such as
coronary heart disease, Tangier disease and Algnsindisease. The mechanisms
involved in maintaining cholesterol homeostasis\a®gy complicated and not clear yet.
The aim of this study is to investigate the effecintracellular cholesterol trafficking on
cholesterol efflux in human fibroblast. | labelegllglar cholesterol through two different
ways, directly incubating cells witfH-cholesterol or incubating cells withd-acetate
which will be converted t3H-cholesterol via do novo synthesis route. Thelbeells
were treated with different drugs which would affedcrotubule, actin network, Golgi
apparatus or ER to test if these factors contriboteholesterol trafficking and efflux.
Cholesterol efflux was performed using lipid frepolpoprotein A-1 or methyp-
cyclodextrin (M3CD) as acceptors. Apolipoprotein A-l is the majastpin component of
HDL, while MBCD is one of the simplest and commonly used exfitdae cholesterol
acceptors. It contains cyclic oligosaccharides tivat believed to be able to dissolve
lipids in their hydrophobic core. The significanmeABCAL expression and intracellular

cholesterol trafficking in cholesterol efflux iseth discussed.
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CHAPTER 2. MATERIALS AND METHODS

2.1. Materials

2.1.1. Chemicals

The following reagent was purchased from Ajax Chengals Pty Limited (9 short
street, Auburn, N.S.W. 2144, Australia)

Anhydrous Diethyl Ether

The following reagent was purchased from AmershamAmersham Biosciences UK
Limited, Amersham Place, Little Chalfont, Buckinghamshire HP7 9NA, England)

BCS Scintillation Cocktail

The following reagents were purchased from BioRadBio-Rad Laboratories, 2000
Alfred Nobel Drive, Hercules, California 94547)

Rabbit Anti-Goat 1gG (H+L)-HRP Conjugated, Goat AWtouse IgG (H+L)-HRP
Conjugated, Prestained Broad Range Precision RHteStandards, Ammonium
Persulfate, Acrylamide (N,N’-MethylenbisacrylamideEirophoresis Purity reagent)/Bis
Solution, Electrophoresis Purity Reagent Bromoph&toe, RC DC Protein Assay Kit
(including DC Protein Assay Reagent A, DC Protegssdy Reagent B, DC Protein Assay

Reagent S, RC Protein Assay Reagent |, RC ProtesayAReagent 1)
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The following reagent was purchased from Calbiochen{EMD Biosciences, Inc.,
10394 Pacific Center Court, San Diego, CA 92121)

Fluor savé” Reagent

The following reagent was purchased from Cambrex (mbrex Corporation, One
Meadowlands Plaza, East Rutherford, New Jersey 078y

EMEM (Minimum Essential Medium Eagles)

The following reagent was purchased from Chemiconnternational (28820 Single
Oak Drive, Temecula, CA 92590)

Re-Blot Plus Strong Solution

The following reagent was purchased from Duchefa Bchemie (A. Hofmanweg 71,
2031 BH Haarlem, the Nethelands)

polysorbate 20 (TWEEN 20)

The following reagent was purchased from Epicentr¢726 Post Road, Madison, WI
53713 USA)

Brefeldin A

The following reagent was purchased from Hayman Linted (Eastways Park,

Witham, Essex, CM8 3YE England)

Ethyl Alcohol A.R. Quality
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The following reagent was purchased from HyClone (liclone, 925 West 1800 South,
Logan, UT 8432)

Fetal bovine serum

The following reagents were purchased from Invitrogn (Faraday Avenue, Carlsbad,
California U.S.A.)

Glutamine, Penicillin-streptomycin, Goat Serum

The following reagent was purchased from Intracel lfitracel, 93 Monocacy
Boulevard, Unit A8, Frederick, MD 21701)

Fetal Bovine Lipoprotein Deficient Serum

The following reagents were purchased from J. T. Beaer (Mallinckrodt Baker, Inc.,
222 Red School Lane, Phillipsburg NJ 08865 U.S.A.)

Tris (Base), Chloroform

The following reagent was purchased from Mallinckralt Chemicals (Mallinckrodt
Laboratory Chemicals, A Division of Mallinckrodt Baker, Inc., 222 Red School
Lane, Phillipsburg, NJ 08865)

Anhydrous Methyl Alcohol

The following reagents were purchased from Merck (Mrck KGaA, Frankfurter Str.

250, 64293 Darmstadt, Germany)
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Triton® X-100, Glycin, Sodium Hydroxide Pellets, Aceticif\cn-Hexan, Isopropanol,
25 TLC aluminium sheets 20x20cm Silica Gel 60 F2Z§%#[2-(diethylamino) ethoxy]

androst-5-en-17-one (U18666A)

The following reagents were purchased from MoleculaProbes (Eugene, OR 97402-
0469, 29851 Willow Creek Road, Eugene, OR 97402, ithu States)

Alexa Fluof® 488 Goat anti-mouse 1gG, Jasplakinolide,

The following item was purchased from Pall Corporaion (2200 Northern Boulevard,
East Hills, NY 11548)

Bio Tracé™ PVDF(polyvinglidene fluoride) Transfer Membrane

The following reagents were purchased from Perkin Ener (Perkin EImer® Life and
Analytical, Science, Boston, MA, USA)

[1,2-*H(N)]-Cholesterol, {H]-Acetic Acid Sodium Salt

The following reagents were purchased from PiercePferce Biotechnology, Inc.,
Rockford, IL)

Super Signal West Femto Maximum Sensitivity Sulbstr&uper Signal West Pico
Chemiluminescent Substrate, Bond-BreakefCEP solution, CL-X Posuf¥ Film,

8x10 inches, Clear Blue X-Ray Film
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The following reagent was purchased from Roche Diapstics (F. Hoffmann-La
Roche Ltd, Diagnostics Division, Grenzacherstrassel24, CH-4070 Basel,
Switzerland)

Complete EDTA-free Protease inhibitor cocktail &ib)

The following reagents were purchased from Senta @z Biotechnology (2145
Delaware Avenue, Santa Cruz, Califomia 95060)

Anti-ABCA1, goat polyclonal IgG

The following reagents were purchased from Sigma {@ma-Aldrich, 3050 Spruce St.,
St. Louis, MO 63103)

Trypsin-EDTA solution, Apolipoprotein A-I, DMSO (Mieyl sulfoxide), Monoclonal
antif-Actin clone AC-74, TO-901317Phosphatidylinositol-specific Bacillus cereus
Phospholipase C, Deep Blue Dyed Latex Beads, Mdtuyiclodextrin (M3CD),
TEMED (N,N,N’,N’-Tetramethyl-Ethylenediamine), Hgpte, Nocodazole, Cytochalasin

D, Lauryl sulfate (SDS), Paraformaldehyde (PFA)

The following reagent was purchased from Spectrum Remical Mfg. Cotp. (S. San

pedro Street, Gaedena, California)

Hydrochloric Acid

The following reagent was purchased from Singapor©xygen Air Liquid Pte Ltd

(Soxal, Singapore)
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Carbon dioxide (Cg), Pure Liquid Nitrogen

2.1.2. Media and buffers

2.1.2.1. Reagents for cell culture

Complete EMEM medium

Minimum Essential Medium Eagles supplemented wiio1(v/v) uninactivated fetal
bovine serum and a mixture of L-glutamine (2 mMaficoncentration, the same below),
penicillin (100 unit/ml) and streptomycin (100 pdym

Delipidated EMEM medium

Minimum Essential Medium Eagles supplemented with% (v/v) uninactivated
lipoprotein deficient serum (LPDS) and a mixture lofglutamine (2 mM, final
concentration, the same below), penicillin (100t/nl) and streptomycin (100 pg/ml)
Frozen medium

Minimum Essential Medium Eagles supplemented wid8o4(v/v) uninactivated fetal
bovine serum with 10% DMSO and 2mM L-glutamine

Lysis buffer

50 mM Tris-HCI, pH7.5, 150 mM NaCl, 1 mM EDTA, 1%ifbn-X-100,

Serum-free EMEM medium

Minimum Essential Medium Eagles supplemented witlglutamine (2 mM, final
concentration, the same below), penicillin (100taml) and streptomycin (100 pg/ml)

PBS
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1.76 mM KHPOy, 10 MM NaHPQ,, 137 mM NaCl, 9 mM KCI, pH 7.4
Trypsin-EDTA

0.05% trypsin and 0.02% EDTA

2.1.2.2. Reagents for Western Blotting

4xResolving gel buffer

1.5 M Tris-HCI, pH 8.8

4xStacking gel buffer

0.5 M Tris-HCI, pH 6.8

5xLoading buffer (for 10 ml stock)

1 g SDS, 5 g sucrose, 0.01 g Electrophoresis preggent bromophenol blue, 3.125 ml 1
M Tris-HCI (pH6.8), 1 ml TCEP, 3 ml distilled watanixed well by stirring overnight
10xTransfer buffer stock

30.3 g Tris and 144.13 g glycine in 1 liter digtillwater.

Blocking buffer

5% Anlene skimmed milk in TBS

5xRunning buffer

15.15 g Tris-HCI, 72 g glycine and 5 g SDS in érlidistilled water

TBS

6.075 g Tris and 8.766 g NaCl dissolved in 1 ldistilled water, pH adjusted to 7.5
TBST

0.1% TWEEN 20 in TBS buffer
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Transfer buffer
100 ml 10xtransfer buffer topped up to 800 ml vdistilled water, mixed well, then 200

ml methanol added

2.1.3. Instruments and other general consumables

The instruments and general consumables usedsinvtitk include BECKMAN LS6000
Scintillation Counter (Beckman Coulter, Inc., 4300Harbor Boulevard, Fullerton, CA),
Biological Safety Cabinet Class Il (Gelman Scietice., Washtenaw County Circuit
Court), CQ Incubator (Heraeus Kulzer Australia Pty Ltd., UBit 4 Gibbes Street,
Chatswood, Australia), Dry-Bath (Medical Researduiil, 20 Park Crescent, London
W1B 1Al, UK), Eppendorf Centrifuge 5810R (B. BRAUNRostfach 1120, 34209
Melsungen, Germany), pH meter (Beckman Coulter)YMPUS 1X71 Fluorescence
Microscope(Olympus Technologies Singapore Pte 4idScience Park Road, #04-17/18
The Gemini, Singapore Science Park Il, Singapddehital Shaker 100 (ARMALAB,
ARMALAB, LLC, Bethesda, MD), Oven, Water Bath (MEMBRT, Memmert
GmbH+Co0.KG, Schwabach, GermanyjowerPac Basic Power Supply 100 (Bio-Rad
Laboratories, 2000 Alfred Nobel Drive, Hercules,lifoenia 94547), Vortex machine
(VWR Scientific, 1310 Goshen Parkway, West Chef&), Ultrasonic Water Bath (ITS
Science and Medical, 219 Henderson Road, Hendénslustrial Park, Singapore), Blue
MAXTM 50 ml/15 ml Polypropylene Conical Tube, 1m#AR5mI/10mI/50ml
nonpyrogenic serological pipet (Becton Dickinsonbware, Becton Dickinson and

Company, Franklin Lakes, NJ, USA), Fast Turn CamiMtoly-Q™ Vial (Beckman
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Coulter, Inc., 4300 N. Harbor Boulevard, Fullertd®d), MULTIDISH 12 wells, 48
wells and Easy Flask 75 V/C, 25 V/C (NUNC, Apogebbmpany, NUNC A/S

Kamstrupv).90, Roskilde, Denmark).

2.2. Cell culture

The GMO00730A cells were obtained from NIGMS Humaenétic Cell Repository,
Coriell Institute for Medical Research and maingginn complete EMEM medium at

37°C in a humidified atmosphere containing 5%,CO

A new flask was initiated according to followingopedure:

1) The complete EMEM medium was warmed up to 37°Crigefse. The pipettes
and culture flasks were irradiated with ultravialays for 30 min in the culture hood.

2) The cells were removed from liquid nitrogen tankl gaced in 37°C water bath
as soon as possible. After being thawed out, the were rapidly transferred into a 25-
cnt flask. Another 5 ml warm complete EMEM medium walsled into the flask. The
flask was placed in HERA cell GGncubator at 37°C in a humidified atmosphere
containing 5% C@overnight.

3) The medium in the flask was replaced by fresh cetepEMEM medium on the
next day.

4) The cells were passaged after 3-4 days when the welre about 80%-90%

confluence.
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Cells were passageatcording to following procedure:
1) The cells were washed with warm PBS buffer once.
2) Two ml trypsin-EDTA was added to a 75-titask for 3 min, and the flask was
beaten gently to dislodge the cells.
3) The action of trypsin was stopped with 6 ml complEMEM medium. The cells
were resuspended and an appropriate volume wasfdregd to a new flask,

which was subsequently added with 15 ml of com@#¥=M medium per flask.

Cells were frozen in liquid nitrogen for furtherage according to following procedure:

The subconfluent cells were trypsinised and spunndat 300 xg for 5 min at room
temperature. The cell pellet was resuspended ihfomen medium and stored in NUNC
Cryo Tube™ vials. The tubes were kept at 4°C fdf haur, -20°C for 2 hours, and -

80°C overnight and transferred into liquid nitrodank on the following day.

2.3. ABCA1 overexpression

2.3.1. ABCAL1 overexpression in complete EMEM medium

The cells were seeded in plates in complete EMEMIinme. When cells were about

80%-90% confluence, complete EMEM medium was regglaby complete EMEM

medium containing 5 UM TO-901317 and further in¢catddor 24 hours.
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2.3.2. ABCAL overexpression in delipidated medium

The cells were seeded in plate in complete EMEMiomedWhen cells were about 80%-
90% confluence, cells were washed with PBS once deigidated EMEM medium
containing 5 uM TO-901317 was added. The cells viecabated for 48 hours in the

presence of TO-901317.

2.4. Protein determination

Samples for protein determination were prepa@zbrding to following procedure:

1) Culture plate was put on ice. Culture medium wamoeed from culture wells
using micropipette.

2) Two ml ice-cold PBS buffer was used to wash théscel

3) Appropriate volume of ice-cold lysis buffer was addo the culture wells. The
cells were scraped off using cell scraper.

4) Cell lysate was collected into eppendorf tubes invadas put on ice for 30min.
Then cell lysate was spun at 13,000 xg for 10 nhi#i°’& to remove whole cells

and nucleus. The post-nuclear supernatant wasdsaor@0°C for further use.

Protein determination was performed with the Bia R&C DC Protein Assay Kit Il.
1) A standard curve (0-1.5 mg BSA/ml) was prepareche@ame the assay was

performed. BSA stock solution concentration wasmgml.
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2)

3)

4)

5)

6)

7

8)

9)

A total of 25 pl of standard BSA solution and tlzenple were added into clean,
dry eppendorf tubes.

RC reagent | (125 pl) was added into each tube. tihes were vortexed and
incubated for 1 min at room temperature.

RC reagent Il (125 pl) was added into each tube flibes were vortexed and
centrifuged at 13,000 xg for 10 min at room tempeea

The supernatant was discarded by inverting thestulbeclean, absorbent tissue
paper. Liquid should be dried completely from thiegs.

DC Reagent S (5 pl) was added to each 250 pl oR@&gent A. This solution
was then referred to as Reagent A’ and 127 pl Reagjewvould be required for
each standard or sample assay (Regent A’ shoupadpared freshly. It is stable
for one week. If precipitate forms, solution shobh&lwarmed and vortexed.).
Regent A’ (127 ul) was added to each tube. The stubere vortexed and
incubated at room temperature for 5 min or untiégpitate is completely
dissolved. The tubes should be vortexed beforegaaiog to the next step.

DC Regent B (1 ml) was added to each tube. Thestulere vortexed
immediately and incubated at room temperature Somin.

The liquid was transferred intavettes. Absorbance was read at 750 nm. The

absorbance would be stable for at least 1 hour.
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Standard Curve
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Protein concentrantion (mg/ml)

Fig. 2.1 A typical protein assay standard curve

2.5. Western Blotting

Samples for Western Blotting were prepaaedording to following procedure:

1) One volume 5xloading buffer was added into 4 volyost-nuclear supernatant
and vortexed thoroughly.

2) The samples were boiled at 100°C for 5 min and sguh3,000xg for 2 min.

Then the samples were ready for western blottiadilay.

Western Blotting was performed according to thel wstablished protocol. Briefly, the
resolving gel solution (8%) was mixed well and wa#ml to degas before ammonium
persulfate (APS) and TEMED were added. All reagevese quickly mixed and poured

into a mini-gel casting chamber. A depth of 2.0 tom the top was left empty. The

35



resolving gel was overlaid with water immediatebyseparate the resolving gel buffer
from air and was allowed to stay for 30 min. Whiea tesolving gel had solidified, water
was removed; the stacking gel solution (4%) wagpgned and poured on top of the
resolving gel. A comb was inserted into the staglgel immediately. The stacking gel
solution was allowed to stay for 30 min to solidiffter the stacking gel solidified, the

comb was removed.

Samples (30 pg protein) or 5 pl of precision prosgandard were loaded into each well.
The gel was then electrophoresised at 40 volt wherdye advanced in the stacking gel.
The voltage was adjusted to 100 volt when the dyered the resolving gel. The
electrophoresis was terminated till the dye fram near the bottom of the resolving gel.
The resolving gel was isolated from gel castingnuber and soaked in the pre-cooled
transfer buffer together with the PVDF membranangge and filter paper of the same
size as the gel for about 10 min. The gel sandwiak stacked in the order of sponge,
filter paper, gel, membrane, filter paper and sgoridhe proteins were transferred from
gel onto PVDF membrane at 100 volt for 90 min a€.4The membrane was then
blocked in blocking buffer overnight at 4°C or farhour at room temperature with
shaking. The membrane was then incubated in 10rlozking buffer containing 1:500

diluted anti-ABCAlantibody or 1:1000 diluted anti-actin antibody aought at 4°C or

for 1 hour at room temperature with shaking. Thenimne was then washed with
TBST buffer four times to remove the excess firgtilldy and then incubated in
blocking buffer containing 1:2000 diluted rabbittiagoat antibody for detection of

ABCAL or 1:5000 diluted anti-mouse antibody forei#ion of actin for 1 hour. The
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membrane was then thoroughly washed with TBST buffer times to remove the
excess secondary antibody. Finally the membraneswamserged in a mixture of equal
volume of super signal west pico chemiluminescembssate and enhancer. The
membrane was removed from the mixture and placaohsigthe film in the cassette. The
film was developed after appropriate exposure biloiong the manufacturer’s

instructions.

2.6. Cholesterol efflux

2.6.1. Efflux of plasma membrane derived cholesterto apoA-I

1) Cells were seeded in 48 well culture plates in detegEMEM medium.

2) When about 80%-90% confluence, complete EMEM madivas replaced by
200 pl complete EMEM medium containing 5 pM TO-9073to induce
ABCAL overexpression. The cells were incubatech dbove medium for 24
hours.

3) The complete EMEM medium containing 5 uM TO-9013da5 then replaced
by 150 pl serum-free EMEM medium containing 1 [f8icholesterol and
cultured for 24 h.

4) The cells were washed with 37°C PBS containing % B5A twice and 37°C
serum-free EMEM medium once.

5) The cells were incubated in 150 pl serum-free EMBERdium containing 10

pnag/ml apoA-I for indicated time.
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6) Incubation medium was collected at indicated tinoénpand centrifuged at
13,000 xg for 5 min to remove floating cells.

7) Medium was aliquoted (100 pl) to measure the CPMlidpyid scintillation
counting.

8) The cells in plates were dissolved in solution aomnihg 0.1 N NaOH and 0.5%
SDS. The cell lysate was used to measure the CPNheofcells by liquid
scintillation counting.

9) The level of cholesterol efflux was calculated @fving:

Total medium CPM/(total medium CPM + total cdluCPM)x100%

2.6.2. Efflux of plasma membrane derived cholestefto MBCD

1) Cells were seeded in 48 well culture plates in detegEMEM medium.

2) When about 80%-90% confluence, complete EMEM omedivas replaced by
150 pl serum-free EMEM medium containing 1 [f8icholesterol. The cells
were labeled for 24 h.

3) The cells were washed with 37°C PBS containing %.B5A twice and 37°C
serum-free EMEM medium once.

4) The cells were incubated in 150 pl serum-free EMBtium containing 0.1%
MBCD for indicated time.

5) Culture medium was collected at indicated time fmiand centrifuged at

13,000 xg for 5 min to remove floating cells.
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6) Medium was aliquoted (100 pl) to measure the CPMmiedium by liquid
scintillation counting.

7) The cells in plates were lysed in solution contagr®.1 N NaOH and 0.5% SDS.
The cell lysate was used to measure the CPM irs ¢sllliquid scintillation
counting.

8) The level of cholesterol efflux was calculated @fving:

Total medium CPM/(total medium CPM + total cliuCPM)x100%

2.6.3. Efflux of de novo synthesized cholesterol &poA-I

1) Cells were seeded in 12 well culture plates in detegEMEM medium.

2) When about 80%-90% confluence, the cells werehegsnith PBS once.
Delipidated EMEM medium (1 ml) containing 5 pM TOA817 was added in
each well to induce ABCA1 overexpression. The celse incubated in the
medium for 48 hours.

3) The delipidated EMEM medium containing 5 pM TO-90713 was then
replaced by 500 pl delipidated EMEM medium contagnl0 pCi/mPH-acetate.
The cells were cultured for 2 h.

4) Cells were washed with 37°C PBS containing 0.25%A B®&ice and 37°C
serum-free EMEM medium once.

5) The cells were incubated in 500 pl serum-free EMBERium containing 10

png/ml apoA-I for indicated time.
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6) Culture medium was collected at indicated time paind centrifuged at 13,000
xg for 5 min to remove the floating cells. Supeamat(400 pl) was aliquoted.

7) The cells in plate were lysed in 500 ul solutiomtaming 0.1 N NaOH and
0.5% SDS for each well.

8) The aliquoted medium and the solution containidblgses were extracted with
400 pl hexane:isopropanol (3:2, v/v) for 3 timespextively. The combined
organic phase was used to measure CPM in mediumcahsl by liquid
scintillation counting.

9) The level of cholesterol efflux was calculated @ofving:

Total medium CPM/(total medium CPM + total cdluCPM)x100%

2.6.4. Efflux of de novo synthesized cholesterol MBCD

1) Cells were seeded in 12 well culture plates in detegEMEM medium.

2) When about 80%-90% confluence, the cells were whshigh PBS once.
Delipidated EMEM medium (1 ml) was added into eadl. The cells were
incubated in the medium for 48 hours.

3) The delipidated EMEM medium was then replaced b9 0 delipidated
EMEM medium containing 10 uCi/mH-acetate. The cells were incubated for
2h.

4) The cells were washed with 37°C PBS containing %.B5A twice and 37°C

serum-free EMEM medium once.
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2.7.

5)

6)

7

8)

9)

The cells were incubated in 500 pl 0.198@D in serum-free EMEM medium
for indicated time.

Incubation medium was collected at indicated tinmenppand centrifuged at
13,000 xg for 5 min to remove the floating cellfeTsupernatant (400 ul) was
aliquoted.

The cells in plates were lysed in 500 ul solutiemtaining 0.1 N NaOH and
0.5% SDS for each well.

The aliquoted medium and the solution containirlglgees were extracted with
400 pl hexane:isopropanol (3:2, v/v) for 3 timespextively. The combined
organic phase was used to measure CPM in mediumcahsl by liquid
scintillation counting.

The level of cholesterol efflux was calculated @ofving:

Total medium CPM/(total medium CPM + total cdluCPM)x100%

Thin layer Chromatography (TLC)

1)

Chamber preparation. Developing solvent was gregp by mixing the

hexane/ethyl ether/acetic acid (70:30:2, v/v) thgidy by shaking or vortex.

Appropriate volume of developing solvent was added the chamber so that it

was 0.5 cm deep in the bottom of the chamber. Tlaenber was sealed and left for

at least 1 hour so that the atmosphere in the chailmdcame saturated with the

developing solvent.
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2) TLC plate preparation. The TLC plate was cub iappropriate size. A pencil
was used to draw a line across the plate 1 cm ath@vbottom of the plate. Under
the line, light marks were used to indicate the esuof the samples. Enough space
between the samples should be left so that theydmoot run together, about 4
samples on a 5 cm wide plate was adviddek plates should be handled carefully
so that the coating of adsorbent would not be etk The plate was activated at

100°C for 1 hour before use.

3) Sample application. Lipid samples were extraetéd hexane/isopropanol (3:2,
v/v) for 3 times and the organic phases were coeatbitmgether and dried under
nitrogen flow at room temperature or in freezingyedr The lipid pellet was
dissolved in appropriate volume of chloroform/meibla(2:1, v/v). The solution
was then applied to the TLC plate with a 1 pL mieq@ This was done by taking a
microcap and dipping it into the solution of thengde to be spotted. Then, the end
of the microcap was gently touched to the adsorlenthe origin in the place
where marked for the sample. All of the contentshef microcap were let to run
onto the plate and the spot dried in the air. @aae taken not to disturb the coating

of the adsorbent.

4) TLC development. The prepared TLC plate was gulam the developing
chamber, which was then sealed, and left undistur&.C development was

stopped when the solvent was about half a centimbetew the top of the plate.
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2.8.

5) Visualization of the spots. The TLC plate waketa out of the developing
chamber and dried in the air. The plate was sprayidd visualizing solvent and

then heated at 100°C for 5 min immediately afteagpg.

6) Cholesterol analysis. The spot representingestietol was scraped off. THe
radioactivity of the spot representing cholestesiod the rest of the lane was
measured separately. The percentagéHeéicetate converted inttH-cholesgerol
was estimated byH radioactivity in cholesterol A radioactivity in cholesterol +
®H radioactivity in rest part) x100%. It has beenrfd that more than 90% of the

radioactivity was found ifiH-cholesterol.

Fluorescence Immune Staining

1) Cells were seeded in 24 well culture platesamglete EMEM medium. There
was a clean cover slip placed in each well.

2) When cells were about 40%-50% confluence, tmeptete EMEM medium was
replaced by serum-free EMEM medium containing 100 jasplakinolide or

1pg/ml cytochalasin D for 24 hours.

3) The medium was sucked out. The cells were waslittdcold PBS for 3 times.
Then 4% PFA in PBS (0.5 ml) was added into each ¥eel 20 min at room

temperature to fix the cells.

43



4) PFA was sucked out. The cells were washed w88 fr 3 times. PBS (400 pl)
containing 0.2% (v/v) Triton-X-100 was added intclke well and incubated with
the cells for 30 min at room temperature.

5) The PBS containing Triton-X-100 was replaced?b69 ul PBS containing 10 %
goat serum. The cells were incubated with goatrsdon 1 hour.

6) PBS (200 pl) containing 10% goat serum and 1l:2BQise monoclonal anti-
Actin was added into each well and incubated watilscover night at 4°C.

7) The cells were washed with PBS for 3 times, dgwé for 5 min.

8) PBS (200 pl) containing 10% goat serum and D1A@xa Fluof 488 Goat
anti-mouse IgG was added into each well and inedbatith cells for 2 hours at
room temperature. Plate was wrapped in foil to @vight.

9) Cells were washed with PBS 3 times, 5 min fahetaime. Then the cover slips
were taken out from each well and mounted with Feaveé" Reagent to protect
the fluorescence in the cells.

10) The cover slips were observed with the fluogase microscope.
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CHAPTER 3. RESULTS

3.1. Effects of TO-901317 on ABCA1 expression antiaesterol efflux

3.1.1. Effect of TO-901317 on ABCAL expression

TO-901317 is a nonsteroidal ligand of LXR which keown to regulate ABCA1l
expression (Repa et al., 2000). ABCA1 (220 kDa) [g4adtin (42 kDa) expression levels
were determined by Western Blotting. Relativelyelsvof ABCA1 expression were
estimated by densitometric analysis and the rats walculated. Fig. 3.1 and Fig. 3.2
show that the density ratios of ABCA1/actin in humidroblasts treated with 5 uM TO-
901317 were about 70% higher than the rations mrobhuman fibroblasts. The result
verifies that 5 uM TO-901317 treatment increase ARQprotein level about 70%
whether the cells were cultured in complete EMEMdam or in delipidated EMEM

medium.

wcneoos TR [

B-actin (42 kDa) - -

Control TO-901317ated
Density ratio (ABCA1/actin) 1.01 1.78

1.78/1.01=1.76
Fig. 3.1 Effect of TO-901317 on ABCAL expressionfibroblasts cultured in complete
EMEM medium. Cells were cultured in complete EMEMdium with or without 5 uM
T0O-901317 for 24 hours and then harvested and AB@rafein level was determined by
Western Blotting.
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ABCAL (220 kDa)

. e e
B-actin (42 kDa)
Control TO-901317 trehte
Density ratio (ABCA1/actin) 0.45 0.76

0.76/0.45=1.69
Fig. 3.2 Effect of TO-901317 on ABCAL1 expressiorfibroblasts cultured in delipidated
EMEM medium. Cells were cultured in delipidated EMEnedium with or without 5

MM TO-901317 for 48 hours and then harvested folCAB protein determination by
Western Blotting.

3.1.2. Effect of TO-901317 on cholesterol efflux t@poA -

Fig. 3.3 and Fig. 3.4 show that cells treated WwithM TO-901317 exhibited higher level
of cholesterol efflux (~ 2.5 fold) when apoA-I wased as the acceptor, whetfer
cholesterol was used to label the cells or it wawln synthesized by the cells. The
increased cholesterol efflux is assumably due ® higher ABCAL1 protein level
expressed in TO-901317 treated cells. These resaitBrm that ABCA1 plays a very

important role in cholesterol efflux to apoA-I.
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Fig. 3.3 Effect of TO-901317 on efflux of plasmamigane derived cholesterol to apoA-
l. Cells were cultured in complete EMEM medium wathwithout 5 puM TO-901317 for
24 hours and then labeled with 1 pCiftdicholesterol for 24 hours. After washing, 10
pg/ml apoA-I in serum-free EMEM medium was addedstirt cholesterol efflux. The
experiments were performed at 37 °C and each valtine mean £ S.D. of triplicates.
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Fig. 3.4 Effect of TO-901317 on efflux of de novgnthesized cholesterol to apoA-I.
Cells were cultured in delipidated EMEM medium withwithout 5 M TO-901317 for
48 hours and then labeled with 10 pCiffrl-acetate for 2 hours. After washing, 10
pg/ml apoA-1 in serum-free EMEM medium was addedhttate the cholesterol efflux.
The experiments were performed at 37 °C and edcle \@the mean + S.D. of triplicates.
The level of cholesterol efflux in control cellst@ low and shows no significant change
over time up to 24 h. In the following experimertsence, all experiments on cholesterol

efflux to apoA-l will be performed in cells treatedith 5 puM TO-901317, unless

mentioned otherwise.

3.1.3. Effect of TO-901317 on cholesterol efflux twyclodextrin

In contrast to apoA-I, when CD was used as the@ocdor cholesterol efflux from the
fibroblasts, more cholesterol had effluxed from tedls within shorter period of time.
However, this process appeared independent of AB&Athere was no difference in the

level of cholesterol efflux in the presence anceabe of TO-901317 (Fig. 3.5).
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Fig. 3.5 Effect of TO-901317 on efflux of plasma miwane derived cholesterol to
MBCD. Cells were cultured in complete EMEM mediumhwdr without 5 pM TO-
901317 for 24 hours and then labeled with 1 pChirhicholesterol for 24 hours. After
washing, 0.1% MCD in serum-free EMEM medium was added to startetffiex. The
experiments were performed at 37 °C and each vsltine mean + S.D. of triplicates.

3.2. Plasma membrane in cholesterol efflux; role afaveolae

After MBCD treatment, the cellular cholesterol content wekiced by 75% compared
with that in control cells (Fig. 3.6). Also, suckduction in cellular cholesterol was a
rapid process and it completed within half hourMBCD treatment. It is known that
MBCD may selectively remove cholesterol from membsaared disrupt the structure of
caveolae. It would be interesting to see if caveatainvolved in cholesterol efflux to
apoA-I1. Fig. 3.7 shows that the level of choledteffiux to apoA-I increased up to 4 fold
when the cells were pre-treated witlB®@D. This confirms that caveolae do play a role in

cellular cholesterol efflux to apoA-I.
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Fig. 3.6 Effect of MMCD treatment on cellular cholesterol content. Celise labeled
with 1 uCi/mI®H-cholesterol for 24 hours. After washing with PB8lls were incubated
in serum-free EMEM medium with or without 10 mMBRID for 30 min. Thereafter, the
medium was removed and the celluft-cholesterol was quantitated with the liquid
scintillation counter. The experiments were perfedmat 37 °C and each value is the
mean = S.D. of triplicates.
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Fig. 3.7 Effect of MMCD extraction on efflux of plasma membrane deriekdlesterol to
apoA-I. Cells were cultured in complete EMEM mediwith 5 uM TO-901317 for 24
hours and then labeled with 1 pCi/fi-cholesterol for 24 hours. After washing, cells
were incubated in serum-free EMEM medium with othwut 10 mM M3CD for 30 min.
Thereafter, 10 pg/ml apoA-1 in serum-free EMEM muediwas added to start efflux. The
medium was collected at indicated time points dm&fit-cholesterol in the medium and
in the cells was quantitated by liquid scintillaticounting. The experiments were
performed at 37 °C and each value is the mean +@.iplicates.

3.3. Effects of drugs on cholesterol efflux

3.3.1. Brefeldin A

Incubation of BFA with the fibroblasts did not affethe efflux of plasma membrane
derived cholesterol to apoA-1 (Fig. 3.8). Howevtre efflux of newly synthesized
cholesterol to apoA-I was suppressed (Fig. 3.9ks€hresults suggest that cholesterol
efflux is regulated somehow by its intracellulaaficking. Because BFA is known to
disrupt the structure and function of Golgi appasathe above difference between the

efflux of plasma membrane cholesterol and the dersynthesized cholesterol indicates
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that Golgi apparatus may play a role in cholesterafficking from ER to plasma
membrane. On the other hand, wheffQ® was used as the acceptor for cholesterol
efflux, pre-treatment of the cells with BFA did naeffect the efflux whether the
cholesterol is pre-existing in the cell plasma memnb or newly synthesized (Fig. 3.10
and Fig. 3.11). These results imply that the deoreynthesized cholesterol may transfer
from ER to plasma membrane via two separate pathwhg Golgi-dependent pathway

and the Golgi-independent pathway.

—f— CONtrol
---A--- BFA

Cholesterol Efflux (%)
w

Time (hour)

Fig. 3.8 Effect of BFA on efflux of plasma membraderived cholesterol to apoA-I.
Cells were cultured in complete EMEM medium with/@ TO-901317 for 24 hours and
then labeled with 1 pCi/mfH-cholesterol for 24 hours. After washing, cellsreve
incubated in serum-free EMEM medium with or withdii pg/ml BFA for 2 hours.
Thereafter, 10 pg/ml apoA-1 in serum-free EMEM mediwas added to start cholesterol
efflux. The experiments were performed at 37 °C each value is the mean + S.D. of
triplicates.
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Fig. 3.9 Effect of BFA on efflux of de novo syntieed cholesterol to apoA-I. Cells were
cultured in delipidated EMEM medium with 5 uM TO4E17 for 48 hours and then
labeled with 10 pCi/mPH-acetate for 2 hours. After washing, cells wereubrated in
serum-free EMEM medium with or without 10 pg/ml BF@ two hours. Thereafter, 10
pg/ml apoA-I in serum-free EMEM medium was addethibate cholesterol efflux. The
experiments were performed at 37 °C and each valtine mean + S.D. of triplicates.
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Fig. 3.10 Effect of BFA on efflux of plasma membeaderived cholesterol to BCD.
Cells were labeled with 1 pCi/mH-cholesterol for 24 hours. After washing, cellsreve
incubated in serum-free EMEM medium with or withd@ pg/ml BFA for two hours.
Thereafter, 0.1% RICD in serum-free EMEM medium was added to initicttelesterol
efflux. The experiments were performed at 37 °C aach value is the mean + S.D. of
triplicates.
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Fig. 3.11 Effect of BFA on efflux of de novo synsiieed cholesterol to pCD. Cells
were cultured in delipidated EMEM medium for 48 townd then labeled with 10
U Ci/ml *H-acetate for 2 hours. After washing, cells weibrated in serum-free EMEM
medium with or without 10 pg/ml BFA for two houfEhereafter, 0.1% BICD in serum-
free EMEM medium was added to initiate cholestafflux. The experiments were
performed at 37 °C and each value is the mean +@&.iplicates.

3.3.2. Nocodazole

The efflux of plasma membrane derived cholesterat wiot affected by nocodazole
treatment whether the efflux was to apoA-I (FidlZ}.or to MBCD (Fig. 3.14). On the

other hand, the efflux of newly synthesized chaedtto M3CD was inhibited as much
as 25% by nocodazole treatment after the efflux ezatinued for 2h (Fig. 3.15.), while
the efflux of newly synthesized cholesterol to agowas not inhibited but enhanced
slightly by nocodazole treatment (Fig. 3.13). ABGD and apoA-I acquire cholesterol

from cell surface via different mechanisms and gvatentially from different membrane
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domains, the difference in efflux of newly syntlzesl cholesterol caused by different
acceptors implies the existence of independentemhstholesterol transport pathways,
with which cholesterol was delivered to differemggna membrane microdomains and
acquired consequently by different acceptors. Ftioenresults obtained, it appears that

microtubules are involved in the transport of nasokolesterol for efflux.

—— CONtrol
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Fig. 3.12 Effect of nocodazole on efflux of plasmmembrane derived cholesterol to
apoA-l. Cells were cultured in complete EMEM mediwith 5 uM TO-901317 for 24
hours and then labeled with 1 pCi/fi-cholesterol for 24 hours. After washing, cells
were incubated in serum-free EMEM medium with atheut 20 UM nocodazole for two
hours. Thereafter, 10 pg/ml apoA-I in serum-freeEWmedium was added to initiate
cholesterol efflux. The experiments were perforrae@7 °C and each value is the mean
+ S.D. of triplicates.
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Fig. 3.13 Effect of nocodazole on efflux of de nasymthesized cholesterol to apoA-I.
Cells were cultured in delipidated EMEM medium wihuM TO-901317 for 48 hours
and then labeled with 10 pCi/miH-acetate for 2 hours. After washing, cells were
incubated in serum-free EMEM medium with or with®@ pM nocodazole for two
hours. Thereafter, 10 pg/ml apoA-I in serum-freeEWmedium was added to initiate
cholesterol efflux. The experiments were perforrae87 °C and each value is the mean
+ S.D. of triplicates.
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Fig. 3.14 Effect of nocodazole on efflux of plasmmembrane derived cholesterol to
MPBCD. Cells were labeled with 1 pCi/miH-cholesterol for 24 hours. After washing,
cells were incubated in serum-free EMEM medium wathwithout 20 uM nocodazole
for two hours. Thereafter, 0.1% @D in serum-free EMEM medium was added to
initiate cholesterol efflux. The experiments weegfprmed at 37 °C and each value is the
mean = S.D. of triplicates.
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Fig. 3.15 Effect of nocodazole on efflux of de naymthesized cholesterol tof@D.
Cells were cultured in delipidated EMEM medium & hours and then labeled with 10
U Ci/ml *H-acetate for 2 hours. After washing, cells weibrated in serum-free EMEM
medium with or without 20 UM nocodazole for two mauThereafter, 0.1% BCD in
serum-free EMEM medium was added to initiate chele$ efflux. The experiments
were performed at 37 °C and each value is the meéaD. of triplicates.

3.3.3. Jasplakinolide

Jasplakinolide is a drug that promotes and sta&silictin polymerization (Bubb et al.,
1994). Fig. 3.16 shows that jasplakinolide desizdul the actin microfilaments and
changed the cells’ morphology dramatically. Therifdtsm cells became starfish-like.
Most of the actin subunits concentrated in the exeot the cells and a small part of actin
subunits distributed in the dendrites of the celleanwhile, jasplakinolide increased

cholesterol efflux to apoA-1 whether the cholestésalerived from plasma membrane or
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newly synthesized (Fig. 3.17 and Fig.3.18). Howgjasplakinolide did not change the
cholesterol efflux to MCD regardless of the origin of cholesterol. Thessults suggest

that actin filaments may play an important rolelmlesterol efflux to apoA-I.

20.0 um

Control cells Jasplakinolide treated<ell

Fig. 3.16 Effect of jasplakinolide on polymerizatiof actin microfilaments. Cells were
seeded in 24 well plates with clean cover slipsewhells were about 50% confluence,
complete EMEM medium was replaced by serum-free EMBedium containing 100
nM jasplakinolide and incubated for 24 hours. Th®rescence immune staining was
performed according to materials and methods.
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Fig. 3.17 Effect of jasplakinolide on efflux of glaa membrane derived cholesterol to
apoA-l. Cells were cultured in complete EMEM mediwith 5 uM TO-901317 for 24
hours and then labeled with 1 pCi/fi-cholesterol for 24 hours. After washing, cells
were incubated in serum-free EMEM medium with othwut 100 nM jasplakinolide for
two hours. Thereafter, 10 pg/ml apoA-I in serumefleEMEM medium was added to
initiate cholesterol efflux. Each value is the mea®.D. of triplicates.
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Fig. 3.18 Effect of jasplakinolide on efflux of d@vo synthesized cholesterol to apoA-I.
Cells were cultured in delipidated EMEM medium wg&huM TO-901317 for 48 hours
and then labeled with 10 pCi/miH-acetate for 2 hours. After washing, cells were
incubated in serum-free EMEM medium with or withd®0 nM jasplakinolide for two
hours. Thereafter, 10 pg/ml apoA-I in serum-freeEWmedium was added to initiate
cholesterol efflux. Each value is the mean + Sfriplicates.
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Fig. 3.19 Effect of jasplakinolide on efflux of glaa membrane derived cholesterol to
MPBCD. Cells were labeled with 1 pCi/miH-cholesterol for 24 hours. After washing,
cells were incubated in serum-free EMEM medium with without 100 nM
jasplakinolide for two hours. Thereafter, 0.198GD in serum-free EMEM medium was
added to initiate cholesterol efflux. The experitsemwere performed at 37 °C and each
value is the mean = S.D. of triplicates.
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Fig. 3.20 Effect of jasplakinolide on efflux of devo synthesized cholesterol to3ID.
Cells were cultured in delipidated EMEM medium & hours and then labeled with 10
nCi/ml ®H-acetate for 2 hours. After washing, cells werubrated in serum-free EMEM
medium with or without 100 nM jasplakinolide foravinours. Thereafter, 0.1%pM@D in
serum-free EMEM medium was added to initiate chele$ efflux. The experiments
were performed at 37 °C and each value is the meéaD. of triplicates.
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3.3.4. Cytochalasin D

Cytochalasin D is known to inhibit actin polymetipa (Casella et al., 1981). Fig. 3.21
shows that cytochalasin D completely changed tHks’cemorphology and inhibited

polymerization of actin microfilaments. The fibnifo cells became round. The actin
subunits distributed in the round cells uniformhBig. 3.22 and Fig. 3.23 show that
cytochalasin D significantly increased cholestesfflux to apoA-I regardless of the
cholesterol was derived from the plasma membraneewly synthesized. However,
cytochalasin D did not change the cholesterol rfftu MBCD under similar conditions

(Fig. 3.24 and Fig. 3.25). These results imply thation filaments are involved in

cholesterol efflux to apoA-I.
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Fig. 3.21 Effect of cytochalasin D on actin mictafnents. Cells were seeded in 24 well
plate with clean cover slips. When cells were ali#% confluence, complete EMEM
medium was replaced by serum-free EMEM medium a@oinig 2 pM cytochalasin D
and incubated with cells for 24 hours. The fluoeg®e immune staining was performed
according to materials and methods.
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Fig. 3.22 Effect of cytochalasin D on efflux of ptaa membrane derived cholesterol to
apoA-I. Cells were cultured in complete EMEM maeadiwith 5 puM TO-901317 for 24
hours and then labeled with 1 pCi/fi-cholesterol for 24 hours. After washing, cells
were incubated in serum-free EMEM medium with othaut 2 pM Cytochalasin D for
two hours. Thereafter 10 pg/ml apoA-l in serum-fEERIEM medium was added to
initiate cholesterol efflux. The experiments weegfprmed at 37 °C and each value is the
mean = S.D. of triplicates.
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Fig. 3.23 Effect of cytochalasin D on efflux of devo synthesized cholesterol to apoA-I.
Cells were cultured in delipidated EMEM medium wg&huM TO-901317 for 48 hours
and then labeled with 10 pCi/miH-acetate for 2 hours. After washing, cells were
incubated in serum-free EMEM medium with or with@uM cytochalasin D for two
hours. Thereafter, 10 pg/ml apoA-I in serum-freeEWmedium was added to initiate
cholesterol efflux. The experiments were perforrae@7 °C and each value is the mean
+ S.D. of triplicates.
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Fig. 3.24 Effect of cytochalasin D on efflux of ptaa membrane derived cholesterol to
MPBCD. Cells were labeled with 1 pCi/miH-cholesterol for 24 hours. After washing,
cells were incubated in serum-free EMEM medium witiwithout 2 pM cytochalasin D
for two hours. Thereafter, 0.1% @D in serum-free EMEM medium was added to
initiate cholesterol efflux. The experiments weegfprmed at 37 °C and each value is the
mean = S.D. of triplicates.
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Fig. 3.25 Effect of cytochalasin D on efflux of devo synthesized cholesterol t3NID.
Cells were cultured in delipidated EMEM medium 4& hours and then labeled with 10
nCi/ml ®H-acetate for 2 hours. After washing, cells werubrated in serum-free EMEM
medium with or without 2 puM cytochalasin D for twours. Thereafter 0.1% PCD in
serum-free EMEM medium was added to initiate chele$ efflux. The experiments
were performed at 37 °C and each value is the meéaD. of triplicates.
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3.3.5. Deep blue dyed latex beads

To examine if the ER-plasma membrane contactsaffidict cholesterol efflux to apoA-I
or MBCD, the fibroblasts were incubated with 1% deep lolyed latex beads for 2 hours
before the efflux was started. The results show tteatment with latex beads did not
change the cholesterol efflux under any conditimssed. These results indicate that ER-
plasma membrane contacts might not contribute flaxebf cholesterol derived either

from ER or from the plasma membrane.
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Fig. 3.26 Effect of deep blue dyed latex beads fflaxeof plasma membrane derived
cholesterol to apoA-I. Cells were cultured in céetg EMEM medium with 5 uM TO-
901317 for 24 hours and then labeled with 1 pCiihicholesterol for 24 hours. After
washing, cells were incubated in serum-free EMEMlioma with or without 1% deep
blue dyed latex beads for two hours. Thereaftent@0nl apoA-I in serum-free EMEM
medium was added to initiate cholesterol effluxe Bxperiments were performed at 37
°C and each value is the mean £ S.D. of triplicates
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Fig. 3.27 Effect of deep blue dyed latex beads &iuxe of de novo synthesized
cholesterol to apoA-I. Cells were cultured in diglgged EMEM medium with 5uM TO-
901317 for 48 hours and then labeled with 10 pCiihacetate for 2 hours. After
washing, cells were incubated in serum-free EMEMlioma with or without 1% deep
blue dyed latex beads for two hours. Thereafteni@0nl apoA-I in serum-free EMEM
medium was added to initiate the cholesterol effllixe experiments were performed at
37 °C and each value is the mean + S.D. of tripdga
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Fig. 3.28 Effect of deep blue dyed latex beads ffloxeof plasma membrane derived
cholesterol to NICD. Cells were labeled with 1 uCi/fiti-cholesterol for 24 hours. After
washing, cells were incubated in serum-free EMEMlioma with or without 1% deep
blue dyed latex beads for two hours. Thereaftet%0MBCD in serum-free EMEM
medium was added to initiate cholesterol effluxe Bxperiments were performed at 37
°C and each value is the mean £ S.D. of triplicates
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Fig. 3.29 Effect of deep blue dyed latex beads @luxe of de novo synthesized
cholesterol to N\CD. Cells were cultured in delipidated EMEM medidon 48 hours
and then labeled with 10 pCi/miH-acetate for 2 hours. After washing, cells were
incubated in serum-free EMEM medium with or withdd6 deep blue dyed latex beads
for two hours. Thereafter, 0.1% @D in serum-free EMEM medium was added to
initiate cholesterol efflux. The experiments weegfprmed at 37 °C and each value is the
mean = S.D. of triplicates.

3.3.6. U18666A

U18666A at nanomolar concentration selectivelyrietes with cholesterol trafficking to
the ER without substantively affecting cholestei@insfer to the plasma membrane,
while micromolar concentration of U18666A inhibitsultiple pathways of cholesterol

trafficking from late endosomes (Underwood et E996).

In order to study the potential effect of such elstdrol intracellular trafficking on

cholesterol efflux, fibroblasts were treated with @M or 2 uM U18666A before
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cholesterol efflux was initiated. The results shdwe Fig. 3.31-3.33 indicate that efflux
of cholesterol, whether it was plasma membranevedror freshly synthesized, was not
affected when the acceptor ag3®@D. However, when apoA-l acted as acceptor, the
efflux rate was reduced by U18666A for plasma membérderived cholesterol but not
the de novo synthesized cholesterol in a doze diEeimanner, more retardations being

observed at higher U18666A concentration.
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Fig. 3.30 Effect of U18666A on efflux of plasma maene derived cholesterol to apoA-
l. Cells were cultured in complete EMEM mediumw@ uM TO-901317 for 24 hours
and then labeled with 1 pCi/mH-cholesterol for 24 hours. After washing, cellsreve
incubated in serum-free EMEM medium without or with nM U18666A or 2 uM
U18666A for two hours. Thereafter, 10 pg/ml apois-serum-free EMEM medium was
added to initiate cholesterol efflux. The experitsewere performed at 37 °C and each
value is the mean = S.D. of triplicates.
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Fig. 3.31 Effect of U18666A on efflux of de novonsiyesized cholesterol to apoA-I.
Cells were cultured in delipidated EMEM medium wghuM TO-901317 for 48 hours
and then labeled with 10 pCi/miH-acetate for 2 hours. After washing, cells were
incubated in serum-free EMEM medium without or with nM U18666A or 2 uM
U18666A for two hours. Thereafter, 10 pg/ml apois-serum-free EMEM medium was
added to initiate cholesterol efflux. The experitsewere performed at 37 °C and each
value is the mean + S.D. of triplicates.
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Fig. 3.32 Effect of U18666A on efflux of plasma nimane derived cholesterol to
MBCD. Cells were labeled with 1 pCi/miH-cholesterol for 24 hours. After washing,
cells were incubated in serum-free EMEM medium waiitthor with 70 nM U18666A or 2
UM U18666A for two hours. Thereafter, 0.1%B6D in serum-free EMEM medium was
added to initiate cholesterol efflux. The experitsewere performed at 37 °C and each
value is the mean £ S.D. of triplicates.
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Fig. 3.33 Effect of U18666A on efflux of de novondlyesized cholesterol to (MD.

Cells were cultured in delipidated EMEM medium 4& hours and then labeled with 10

nCi/ml ®H-acetate for 2 hours. After washing, cells werubrated in serum-free EMEM
medium without or with 70 nM U18666A or 2 uM U18@6€or two hours. Thereatter,
0.1% MBCD in serum-free EMEM medium was added to initicttelesterol efflux. The
experiments were performed at 37 °C and each vsltn® mean + S.D. of triplicates.
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CHAPTER 4. DISCUSSION

4.1. Effect of TO-901317 on ABCA1 expression and clesterol efflux:

cholesterol efflux to apoA-I does involve ABCA1

The liver X receptors (LXRs) are members of thelearc receptor and transcription
factor superfamily and have two isoforms includingRa and LXRB3. LXRa is highly
expressed in liver, intestine, kidney and macropkagXRB is ubiquitously expressed in
nearly every tissue. Two isoforms of LXRs have atizé DNA-binding domain
consisting of a zinc-finger module and a large diinding domain with a lipophilic
core that binds specific small lipid molecules. ekftligands bind, LXRs form
heterodimers with the retinoic acid receptor (RX#)ich binds to characteristic DNA
sequence of target genes including ABCAl, ABCG5,C&B and apolipoprotein E
(apoE). The heterodimers can be activated by ligdiod either receptor (Repa and

Mangelsdorf, 2002).

ABCAL belongs to the ABC family of genes encodirepsmembrane proteins which are
believed to transport a specific set of moleculesoss the membrane. ABCAL is
believed to play a key role in the transfer of estérol and phospholipids to apoA-I, the
initial step in HDL formation and RCT. ExpressiadnABCAL which is dependent on the
activation of LXR o/f is transcriptionally controlled and increases @sponse to

cholesterol loading. However, neither FC nor CE bard and activate LXRs. It is
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speculated that increased intracellular cholestiexdlices the production of oxysterols
that serve as LXR ligands (Repa and Mangelsdoffi2R00n the other hand, addition of
oxysterols or synthetic LXR agonists such as TO3aGlinduces ABCAL1 expression and

cholesterol efflux independent of cholesterol logdn macrophages (Rowe et al., 2003).

It has been demonstrated that activation of thdeauceceptor LXR by oxysterol
ligands up-regulates expression of ABCAL in mousdid BT3 fibroblasts or RAW264.7
macrophages. The data also show that ligand aictivat LXRa is sufficient to promote
cholesterol efflux to extracellular acceptor apo#iwiough ABCA1 (Venkateswaran et al.,
2000). These results suggest that cellular chotasééflux is controlled, at least partly,
by a nuclear receptor signaling pathway. The gbiit oxysterol ligands of LXR to
stimulate cholesterol efflux is dramatically reddcen Tangier cells with known
mutations of ABCAL. In addition, treating macropbagwith the LXR nonsteroidal
ligand TO-901317 also induces LXR-dependent upietigmn of ABCA1 expression.
However, TO-901317 treatment did not affect theaicellular sterol status of these
macrophages (Repa et al., 2000). The up-regulatfoABCAL is attributed to the
presence of a unique DR4 element in the ABCA1 ptemdActivated LXR forms a
heterodimer with RXR and binds to the DR4 elemaatjvating transcription of the

ABCAL gene (Gan et al., 2001).

In this study, treating human fibroblast with TO13Q7 increased ABCAL expression

and the cholesterol efflux to apoA-l, whether clstdeol was derived directly from the

plasma membrane or newly synthesized. Howeveresterol efflux to MMCD was not
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affected. These results have confirmed the previowsclusion, largely obtained in
macrophage, in human fibroblasts. Furthermore,ethesults imply that cholesterol
efflux to MBCD may not be, while cholesterol efflux to apoAsl clearly ABCA1

dependent. In other word, ABCAL does play a keg nolcholesterol efflux to apoA-I.

4.2. Role of caveolae in cholesterol efflux

Caveolae are glycosphingolipids/cholesterol richHathein-free plasma membrane
invaginations with a characteristic diameter oft60L00 nm (Smart et al., 1999)he
core structure of caveolae is enriched in cholektegangliosides, ceramide,
diacylglycerol (Liu and Anderson, 1995), phosphgiibsitol diphosphate (Pike and
Casey, 1996), and the integral membrane proteiaat@s which are cholesterol binding
proteins with three isoforms (Murata et al., 1998jhough representing only 1-2% of
cell plasma membrane, caveolae contain 6-7% ofataé cellular cholesterol. If plasma
membrane contains 90% of the cellular cholestata, cholesterol concentration in
caveolae membranes is 4 to 8-fold higher than tlreognding non-caveolae plasma
membrane. In living cells, only FC in caveolae wasnd accessible to filipin and
cholesterol oxidation (Smart et al., 199%he properties of this FC pool in caveolae are
different from those in non-caveolae plasma menbm@mains, while have led to the

hypothesis that caveolae may play a role in cellchalesterol metabolism.

Previous observations indicate that caveolae playla in cholesterol transport. (i)

Caveolin, structure protein of caveolae, is a cétel®l-binding protein (Smart et al.,
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1999) (ii) The nascent cholesterol synthesized in ER &ppears in the caveolae domain
of the plasma membrane and then non-caveolae mamblawas proposed that the
newly synthesized cholesterol was transported byeat-shock multiprotein complex
consisting of caveolin, heat-shock protein 56, apbilin 40, cyclophilin A, and
cholesterol (Uittenbogaard et al., 1998)i) Progesterone, which blocks cholesterol
transport, causes caveolin accumulation in the fuofeaheER simultaneously (Smart et
al., 1996). (iv) Cholesterol oxidase treatment eausaveolin to dissociate from plasma
membrane and redistribute to intracellular vesitheg co-localize with Golgi apparatus
markers (Smart et al., 1994). (v) The caveolin mRBMels and caveolin expression and
cellular FC content are intimately related and naégplay reciprocal regulation. An
increase in LDL-FC internalizatiomas associated with proportional cellular FC and up
regulation of caveolin (Fielding et al., 1997). Den of caveolar FC by CD, led to
down-regulation of caveolin mRNA and cell surfagetpin levels (Hailstones et al.,
1998). On the other hand, lymphocytes expressingaien had a 4.4-fold higher
concentration of cholesterol in the caveolae foacnd about 4 times higher cholesterol
transport speed to plasma membrane than contrisl leeking caveolin (Smart et al.,
1996). (vi) SR-BI which mediates cholesterol flux betweeglls and lipoproteins is
concentrated in caveolae. This suggests that cayenk the sites in plasma membrane
for cholesterol exchange (Graf et al., 1999). (WipoA-I (or pref-HDL) could bind
directly to the FC-rich exofacial face of the caeeoand enhance the transport of
cholesterol to the caveolae in a dose- and timpemgent manner (Sviridov et al., 2001).
(viii) When ®H-labeled FC from labeled LDL was selectively ti@nsed into the cells to

increase cellular FC, the cholesterol concentratibcaveolae increased dramatically.
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Subsequent incubation of these cells with unlabelative plasma or high density
lipoprotein selectively unloads FC from such cased|Fielding and Fieldind,995).All

these studies suggest that caveolae play an edsenig in cholesterol metabolism.
However, the direct evidence about this processhsent. In addition, some data
available remain controversial, partly due to tifeetent cell types used and the different

analytical methods adopted.

For instance, it is pointed out that caveolin-1 deawgulation enhanced cellular
cholesterol efflux (Frank et al., 2001). In suclpenxments, the cholesterol efflux in cells
that contained less caveolae could transfer intrtdae stored cholesterol to acceptor
faster via a pathway not involving caveolin-1 comgoh to control cells.This is

apparently inconsistent with the results of otledies.

To investigate the role of caveolae in intracelludholesterol trafficking and efflux in
human fibroblast, the cells were treated with 10 fiCD for 30 min to disrupt
caveolae structure (Fig. 3.6). Cholesterol deptebg MBCD treatment should cause an
entire change in the morphology of caveolae. Aftbplesterol depletion, caveolae
invaginations might have either disappeared or mmecshallow with wide openings.
Immunogold labeling of caveolin showed that theezdw remained clustered, indicating
that underlying caveolar structures were still prigssin the membrane after 50%
reduction of the amount of plasma membrane chotdsby 10 mM MCD treatment,
perhaps reflecting the existence of flattened clavgmatches or “rafts” in the membrane

after the extensive but partial cholesterol depte(iParpal et al., 2001). In this study, it

75



has been found that 10 mM @D treatment reduced cellular cholesterol by 75%,
resulting in increase in cholesterol efflux to apbAor about 4 fold. Although the
cholesterol concentration in caveolae is high, aagmall quantity of cholesterol exits in
the exofacial face of the caveolae. ApoA-I coulddbdirectly to the exofacial face of the
caveolae to facilitate FC desorption (Saito et H397). In other words, the cholesterol
concentration on the exofacial face of caveoladiglyr determinates the rate of the
cholesterol efflux mediated by apoA-l. Such dramaticrease in cholesterol efflux
observed in this study may be explained by theo¥alhg considerations. MCD
treatment extracts cholesterol from cell membralisupts caveolae structure and thus
probably changes the membrane environment of cagesntd surrounding non-caveolae
membrane. It is hence possible that some cholégdtarsfer from cytofacial face of the
membrane to the exofacial face of the membrandtantigher cholesterol concentration
on the exofacial face of plasma membrane inducekehi cholesterol efflux rate.
Secondly, previous study pointed out that sphimgglin which is rich in caveolae
preferentially interacts with cholesterol and caacréase sterol transfer between
membranes. Cells containing less caveolae or reddspaingomyelin/cholesterol-rich
plasma domains can transfer cholesterol to an &mcégster than control cells. In that
case, cholesterol could be transferred from inthalee cholesterol pool(s) to the plasma
membrane via a pathway bypassing caveolin-1 (Fetrdd., 2001). If this is the case,
disassembly of caveolae caused by3QW extraction will free cholesterol from
sphingomyelin and the cholesterol transport betweesmbranes will be enhanced,

resulting in higher cholesterol efflux to apoA-bfin MBCD-treated fibroblasts compared
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to that of the control cells. More studies are reetb verify if these two hypotheses are

correct.

4.3. How does cholesterol intracellular traffickiaffect its efflux?

4.3.1. Golgi apparatus

When cells were labeled witfH-cholesterol directly, the majority of celluldH-
cholesterol was maintained in the plasma membradeoaly a minority of cellula?H-
cholesterol recycled between plasma membrane dhidtegior. Although this process is
inhibited by various drugs, inhibition induced by8 was not reported. So it is
reasonable to find that cholesterol efflux was affected by BFA treatment in cells
labeled with®H-cholesterol whether the efflux was to apoA-1 o@D (Fig. 3.8 and Fig.

3.10).

It has been reported that Golgi apparatus playactime role in the movement of LDL-
derived cholesterol from lysosomes to plasma meng&(&oxey et al., 1993Jreatment

with BFA resulted in enhanced cholesterol delivienACAT. This could be due to LDL-
derived cholesterol destined for the plasma mengbitaging redistributed to ER by

blocking the Golgi dependent pathway (Neufeld gt1&96).
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On the other hand, newly synthesized cholesterslfaand to be transported from ER to
plasma membrane via a vesicular system (Kaplan Sintbni, 1985).An efficient
alternative pathway for nascent cholesterol movenvesis proposed because severe
disruption of Golgi apparatus did not alter theetios of cholesterol arrival at the plasma
membrane (Urbani and Simoni, 1990). According ie ttypothesis, the movement of a
portion of the newly synthesized cholesterol froR © plasma membrane occurs by a
Golgi apparatus-independent pathwlayvas reported that newly synthesized cholesterol
is transported from ER to plasma membrane cavdolaefflux through a heat-shock
protein-immunophilin chaperone complex consistifigaveolin, heat-shock protein 56,
cyclophilin 40, cyclophilin A, and cholesterol (tdhbogaard et al., 1998). Recently, it
has been found that both raft-poor and raft-riclsicrdar transport from the Golgi
apparatus increased during ABCA1 mediated choldstéfitux (Zha et al., 2003)Taken
together, both Golgi-dependent and —independertiwagts may be involved in the

intracellular cholesterol transport and efflux fr&R.

In this study, BFA treatment partly inhibited nasiceholesterol efflux to apoA-I (Fig.
3.9). This is consistent with the notion that thelds apparatus plays an active role in
cholesterol transport from ER to the plasma mendsates available for efflux to apoA-
l. Disruption of Golgi by BFA treatment would hampée trafficking of cholesterol to
the plasma membrane for efflux. The significanceGaflgi-apparatus in cholesterol
efflux appears only to the process mediated by ABGA efflux of newly synthesized

cholesterol to NNCD was not affected by BFA treatment (Fig. 3.11).
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4.3.2. Cytoskeleton

4.3.2.1. Microtubule network

In many cell types, microtubules (MTs) radiate carsv from a perinuclear MT-
organizing center (MTOC) and serve as intracelluthiighways” along which
tubulovesicular transport intermediates of the efecy and endocytic pathways travel
between the cell centre and the plasma membraret®their radial organization in the
cell and their involvement in membrane transporT,shre responsible for maintaining
the normal intracellular locations and organizatdrthe membrane systems such as ER,
the Golgi apparatus, endosomes and lysosomes (€enr., 1995)So far, the role of

microtubule in several aspects of cholesterol n@isin has been investigated:

(). Caveolin cycles between the plasma membranktha Golgi apparatus through a
multi-step process. One step, ER/Golgi intermed@impartment (ERGIC)-to-Golgi

transport, is microtubules-dependent. This bidieeal pathway may indicate roles for
microtubules in maintaining caveolae and for cawvenl shuttling cholesterol between

the plasma membrane and the ER/Golgi system (Catrald, 1995).

(i). Are microtubules involved in the transport @DL-derived cholesterol? Some
researchers pointed out that disruption of microked had no effect on movement of
LDL-derived cholesterol to ER (Underwood et al.98pPor plasma membrane (Liscum

and Dahl, 1992 iscum, 1990)On the other hand, the contrary conclusion haslsen
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reported that the transport of intracellufht-FC to the cell surface was reduced by

nocodazole which disrupts microtubules network|fing and Fielding, 1996).

(ii). Microtubules play a role in the transport cholesterol both to and from the

mitochondria (Crivello and Jefcoate, 1980).

(iv). It has been observed that in intestinal céfie transport of newly synthesized
cholesterol from ER to the plasma membrane dideguire microtubules. These authors
used cholesterol oxidase to estimate the amoucholesterol reached the cell surface
(Field et al.,1998). However, nocodazole treatment inhibited tiia@sport of newly
synthesized cholesterol to the plasma membranddyt25% when MCD was used to

extract cholesterol from cell surface (Heino et 2000).

In this study, the efflux of plasma membrane defieholesterol was not affected by
nocodazole treatment whether the efflux was to apoA MBCD (Fig. 3.12 and Fig.
3.14). However, about 25% of the efflux of newlynthesized cholesterol to D was
inhibited by nocodazole (Fig. 3.15). This is cotesi$ with the conclusion of Heino et al
(2000). However, the efflux of newly synthesizealelsterol to apoA-I was not affected
too much by nocodazole treatment. ABGD and apoA-I acquire cholesterol from cell
surface via different mechanisms and may even fidferent membrane domains; the
different efflux rate caused by different accepto@y suggest the existence of separate
intracellular cholesterol transport pathways or lebi@rol pools. It appears that the

transport of cholesterol to the membrane domainstwprovide cholesterol for efflux to
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MBCD involves microtubules, while the transport tce tdomains which provide

cholesterol for efflux to apoA-I is not affected tmycrotubules.

4.3.2.2. Actin microfilament

Actin filaments determine the shape of the cellse flynamic behavior of this network is
necessary for many of the cell motility proces$égrofilament is a dynamic structure,
maintained by a rapid and continual exchange ofpamnand globular subunits between
the soluble and filamentous forms and this subdlix is necessary for normal
cytoskeletal function. Some drugs, such as cytediraland jasplakinolide, have a rapid
and profound effect on the organization of the ofiament in living cells (Alberts et al.,

2002).

The involvement of actin filaments in the transpprbcess was demonstrated by
treatments of three specific inhibitors, cytochagsanti-actin antibodies and DNase |.
Actin-depolymerizing drug cytochalasin reduced tiptake of’H-LDL from coated pits
by an average of 65% at 4, probably by preventing the polymerization ofiaghto
microfilaments required for effective invaginatifiielding and Fielding, 1996)t was
reported that jasplakinolide, which promotes aptitymerization and stabilizes the actin
filaments (Bubb et al., 1994), inhibited nascenblekterol transport slightly but
reproducibly. This inhibition effect was appareralyditive with that of BFA, suggesting
jasplakinolide affected the Golgi-independent cht@eol transport pathway (Lusa et al.,

2003). Disruption of actin filaments in macrophadeads to a specific inhibition of
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cholesterol esterification. The inhibition effe@ncnot be explained by reduced cellular
cholesterol content or general inhibitory effects aholesterol trafficking or the ACAT

enzyme in these cells. Rather, the data implydhantact actin cytoskeleton plays a key
role in the process that occurs specifically whipogroteins interact with macrophages

(Tabas et al., 1994).

Further more, actin filaments are essential foreotae integrity which may play a key
role in cholesterol trafficking and efflux. Ultrasttural and biochemical analyses have
indicated an association of caveolae with the ddaments (Chatenay-Rivauday et al.,
2004). Treatment with actin-depolymerizing drugocytalasin D or high concentration
(>5mM) CD increases the mobility of caveolin andae@ae in the plasma membrane.
Corresponding to the treatment, the number of davéocated near the cell surface
declines markedly and caveolae move laterally dmster in the plane of the membrane.
These results strongly indicate that both cholestend an intact actin cytoskeleton are
required for the integrity and immobility of cavael which is very important for

cholesterol trafficking and efflux (Deurs et alo(8; Thomsen et al., 2002).

In this study, human fibroblasts were treated wgthocalasin D or jasplakinolide,
respectively, to investigate the role of actin midaments in cholesterol trafficking and
efflux. As shown in the results, both cytocalasinfy. 3.21) and jasplakinolide (Fig.
3.16) treatments changed cell morphology dramdyicMost protrusions of the cells
disappeared and the fibrous network labeled witioréscence also disappeared. The

cells treated with cytocalasin D became round aedltiorescence distributed in the cell
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uniformly. However, the shape of cells treated wasplakinolide became starfish-like.
The majority of the fluorescence labeled actin sufisuconcentrated in the center of the
cell body and a small part of them distributed he tdendrites of the cells. Both
cytocalasin D and jasplakinolide did not changelesterol efflux to MMCD whether
cholesterol is derived directly from the plasma rbesme or from do novo synthesized
pool. It is interesting to find that both cytocata® and jasplakinolide dramatically
increased cholesterol efflux to apoA-I under simdanditions. In these experiments, the
nascent cholesterol was synthesized for 2 hourssahdequently treated with the drugs
for 2 hours at 37°C. Some of the nascent choldsteay have been transported to the
plasma membrane at the time when efflux was ieitiatThus, the apparent efflux
observed may reflect more on the property of thesmplh membrane rather than the
intracellular trafficking. As previously discussemiveolae play a key role in cholesterol
trafficking and efflux regulation. Actin filamentand cholesterol are essential for
caveolae integrity and function (Chatenay-Rivaudayal., 2004). It may therefore be
assumed that change of caveolae caused by achimefilt disruption increased the
cholesterol efflux to apoA-l. How disruption of @nlae would increase cholesterol
efflux to apoA-l has been discussed before. Moreosieolesterol efflux to MCD did
not change by treatment with cytocalasin D andlgkspolide may be explained by its

non-specific extraction of cholesterol from thel gghsma membrane.

It is noted that both cytocalasin D and jasplakoml which affect actin filaments in

opposite directions, enhanced cholesterol effluagoA-I (Fig. 3.17, Fig. 3.18, Fig. 3.22

and Fig. 3.23). How can cytocalasin D and jasplalide have the same effect on
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cholesterol efflux to apoA-1? The actin cytosketets a dynamic filament network which
polymerizes and depolymerizes continuously. Thisadyic equilibrium is essential for
multiple cellular functions involving actin filame&n Depolymerizing of actin filaments
by cytocalasin D or stabilizing of actin filamenlby jasplakinolide both change the
structure and function of the filaments at equilibr which may explain why both
cytocalasin D and jasplakinolide increased chotet&fflux to apoA-I. This explanation
is supported by the fact that treatment of adipesywith actin-depolymerizing agent
cytochalasin D or the actin stabilizing agent jagpiolide both inhibit insulin-stimulated

GLUT4 translocation (Kanzaki and Pessin, 2002).

4.3.3. Plasma-ER membrane contact

It was pointed out that the movement of newly sgsibed cholesterol from ER to
plasma membrane might occur by a Golgi apparatiespendent pathway although the
mechanism has not been identified (Urbani and Simi®00). Three candidates have
been proposed including specialized transport lessictransport by soluble sterol-
binding proteins and transport at regions of clapposition of the ER and plasma
membrane (Prinz, 2000). The third mechanism is sstgg by studies on the transport of
phospholipids to mitochondria, where membrane agson between mitochondria and
the ER of the yeasBaccharomyces cerevisiag probably required for phospholipid

translocation between these two organelles (Aatdeiét al., 1999).
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Lusa et al. (2003) demonstrated that promotionE&f-plasma membrane contacts
induced by latex beads did not affect efflux of cead cholesterol and prelabeled
cholesterol to serum in baby hamster kidney (BH#&)sc(Lusa et al., 2003). Here | tested
if ER-plasma membrane contacts would affect thdesterol efflux in human fibroblast.

It is consistent to the previous study in BHK cdhsit latex beads treatment does not
change the efflux of nascent cholesterol and pstieg cholesterol to apoA-1 or BCD
(Fig. 3.26 — Fig. 3.29). From the results, | knitvat promotion of ER-plasma membrane
contacts did not affect cholesterol efflux. Howewse could not draw the conclusion
that ER-plasma membrane was not involved in thadetlular cholesterol transport and
efflux. It is possible that the original ER-plasmm@&mbrane contacts without latex beads
treatment are already sufficient for cholesteroveroent from ER to plasma membrane.
More investigations are needed to verify if ER-plasmembrane contacts play a role in

cholesterol trafficking and efflux.

4.3.4. Effect of U18666A on intracellular choleste transport

The pharmacological agent U18666A has been repdotéchibit multiple intracellular

cholesterol transport pathway. Most studies abdlR866A demonstrate that U18666A
inhibits the transport of LDL-derived cholesterabrh late endosomes/lysosomes to
plasma membrane and causes LDL-derived cholestecoimulating at high levels in late
endosomes/lysosomes (Liscum and Faust, 19883666A also inhibits both the basal

movement of plasma membrane cholesterol to ACAT thredaccelerated delivery of
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plasma membrane cholesterol to ACAT that responds ptasma membrane
sphingomyelin degradation (Underwoct al., 1996).In addition to affecting the
transport of cholesterol from the plasma membramdhe ER, U18666A was also
reported to inhibit the transfer of cholesterothe mitochondria. In steroidogenic cells,
cholesterol is used as a precursor for synthessenbid hormones and the transport of
cholesterol to mitochondria plays an important rote the cellular cholesterol
homeostasis. A time-course study pointed out thairthibition induced by U18666A of
plasma membrane cholesterol to cell interior wasdréwithin 10-15 min) and reversible
if UL8666A was removed from the incubation mixt@irErmala et al., 1994). However,
the mechanism by which U18666A affects variousaitgtlular cholesterol transport

pathways is unclear.

It was also found that U18666A inhibits cholestessterification in ER. This effect is
probably not a result of a direct inhibition of ACAactivity by U18666A because this
drug cannot inhibit the esterification of oleoyl&£to cholesterol by ACAT in cell-free
homogenates. It was supposed that the inhibitionclublesterol esterification by
U18666A arose from the effect of U18666A on chaedttransfer steps (Harmala et al.,
1994). On the contrary, Underwood et al. (1996 hfea out that this inhibition involves
more than the simple retardance of cholesterol mewve from lysosomes to the plasma
membrane and then from the plasma membrane to ERitamust also inhibit a
previously unknown pathway or a signal event (Unaed et al.,, 1996). Another

verified effect of U18666A on cholesterol metabwlisis that U18666A reduces
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cholesterol de novo synthesis dramatically by irim@ a step in cholesterol synthesis

distal to HMG-CoA reductase (Chen et al., 1993).

In this study, | treated cells with 70 nM or 2 uML&B66A to examine if different
concentration of U18666A would affect cholesteriblug differently. The results show
that U18666A treatment didnot affect the efflux MBCD whether the cholesterol is
plasma membrane-derived or newly synthesized (B8 and Fig. 3.33). When apoA-I
was used as the acceptor, U18666A reduced thexeffiyplasma membrane-derived
cholesterol in a dose-dependent manner, while fffexeof nascent cholesterol was not

affected significantly.

Underwood et al. (1998) demonstrated that U18666#bits movement of FC from late
endosomes/lysosomes into a cholesterol oxidasessibte pool. Further study pointed
out that when concentration of U18666A increaskd, dize of the cholesterol oxidase
accessible pool of cholesterol decreased (Kellneibdl et al., 1999)In living cells,
only FC in caveolae was found accessible to cheldekbxidation (Smart et al., 1994). In
other word, U18666A treatment will reduce the chtdeol concentration in caveolae.
From previous discussion, we know that cholestefftlix to apoA-I is closely correlated
with caveolae. Taken together, it is reasonabletti@lower cholesterol concentration in
caveolae induced by U186666A treatment will redabelesterol efflux to apoA-I, as
observed in this study. However, the mechanism AGBB66A treatment is very

complicated and unclear until now. More investigatis certainly needed in this area.
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4.5. Summary of cholesterol intracellular cholestesl trafficking and

cholesterol efflux

To maintain cellular cholesterol homeostasis, HDLit® apolipoproteins remove excess
FC from cells. This process prevents the excessogeimulation of cholesterol in the
vessel wall and the development of atherosclerdsishis study, we investigated the
mechanism of intracellular cholesterol traffickiagd its effect on cholesterol efflux to
extracellular cholesterol acceptors, namely, apaad M3CD, in human fibroblast. Here,
the cholesterol for efflux was from two differerfiadesterol pools: plasma membrane
derived cholesterol, which was directly labeled hwiH-cholesterol, and de novo
synthesized cholesterol labeled by usfhjactate as the precursor. Before cholesterol
efflux, the cells were treated with different drughich would affect the microtubules,
the actin network, the Golgi apparatus and the ERpectively to examine if these

factors would contribute to cholesterol traffickiagd efflux.

ApoA-I is the main protein of HDL that plays a keyle in cholesterol efflux in vivo.
ApoA-I could bind directly to the exofacial face &fie caveolae to facilitate FC
desorption (Saito et al., 1997). It has been pdimdet that apoA-l can stimulate the
translocation of intracellular cholesterol to tHagma membrane (Oram and Yokoyama,
1996) and enhance the efflux of intracellular chtdeol (Sviridov and Fidge, 1995). On
the other handyIBCD is a non-specific acceptor for cholesterol.dtsgcholesterol from
both caveolae and non-caveolae membrane domaiesreBalts obtained in this study

confirm that the kinetics of cholesterol effluxes &poA-1 or MBCD were clearly
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different in most cases, probably due to the fhat apoA-1 and MCD take cholesterol

from different cholesterol pools.

Also from the results of this study, it is know ttht@aveolae are the key regulator of
intracellular cholesterol trafficking and efflux.idassembly of caveolae by cholesterol
depletion markedly increased the cholesterol effDisruption of actin microfilaments
which are necessary for caveolae integrity alsoitgntly enhanced cholesterol efflux.
One of the other conclusions can be drawn throbgh study is that Golgi apparatus
appears to play a minor role in the movement otewischolesterol from ER to plasma
membrane. It seems that microtubules, U18666A-itddb cholesterol intracellular
trafficking and ER-plasma membrane contacts did afféct cholesterol efflux at any

significant level. However, more investigations aeeded to verify these observations.
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