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Abstract

ACKGROUND: Plasmy concentrntinn of high

density  lipoprotein - cholesteral  (HELAT)  are

strongly, consistenty, and independently mvemsely
associated with risk of atheroschlerotic cardivvaseular
disease UV Howewver, the luse decade has :ir:!:n sevenl
ohservations thet do not follow this simple scrpt.

CONTENT: A proteomic amalvsis of HDL has given us an
intrizuing glimpse into novel components of HDL, HDL
polated From normal buinans containg severdl clisses
of pradeins, meluding nod only apolipepreeing, bal alzo
complement regulatory proteins, endopeptidase inhibioes,
bemopexin. and acute phase tesponse proteins. These
observations mise the possibility of unsuspected mles
for HDL. HOL delivery of complement proteins wonld
implicate. HOOL in mnote immunity. Serine - proteinise
inhihitors would enable HOL to modulate protealyvsis of the
vessel wall. HDL from patients with comnany anery disense
was enriched in apoE, apal 1Y, apoA- IV, Paraoxonase
(PO, wnd complement factor O30 Highlizghtad additional
mechanizms through which HDL protecrs the vessel wall
are: HDOL improves vaseular function, decreases vaseular
intlammsation. detoxilies radicals. and Himits thrombosis

SUMMARY: Both inter- and intrecnman desyachrony may
be mvolved in the pathogenesis of cardiometabolic disease
atmbutable e effects m brun and multiple métabohe
tissues incleding heart. Diver. (o, moscle, pancrows.

and sut. Efforts to dissect the moelecslar meditors that
coordinaie  civosdian,  metaboho,  and  cardiovasculur
sysiems may ultimately lead (o botly improved therapeutics
aned preventive Inlerventions,

KEYWORDS: H, Apo-Ad, RCT, Inflammation, HOL
Dy sfunetion, HDL Proteome, HDL & Apo Al Mimetics,

Introduction

Despite strong evidence Tor an inverse associition between
HDL-C levels and cardicvascular sk (1), suecessiul
therapeutic strategies W tapet HDL have  pemaoned
clusive. A recent Phase 1 chimcal tral failed to show
climcel benefit with the cholesteryl ester transfer protzin
mhibitor torcetrapib despite markedly incncased HOL-C
ewvels 12,3) This outeome remforeed o growme consensus
thot messurement of HDL-C alone may be an incomplete
surrognite For the in vivo functionalite of HDL and the
clinicil etficacy of targeting HIH.,, The careful mechanistic
asgessment of HIDL function his thus emerged ssa poiential
sy fomward (d),

There = grear interest in understanding the ahility
of HDL w mediae Reverse Cholesterol  Tramspont
(BCTY [rom mecrophages becouse this abality underlies
the antitherogenic functions of e Dpoprotein, Recent
stndlies show that macrophage RCT mediated by HDL
has  meportant  imphcavons for the  development of
atheoscleross, but the HDL contribaton doees oot corme ke
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well with the HDL C levels, the inerease in HDLC due
o elimination of Scavenzer Receptor Clss B iwpe |
(51 BLF is associated with deereased ROT and ineneased
atferosclerosis, These results indicute that the rak of
mcraphage RCT and the quility rather than the guanity
of HEL are imporiant in determining the antiatherogenic
effects of HDL (5).

Uz shbiee of HDLtoremove cholesteroband o ysterols
from cells soch us macrophages in the arterial wall s lnked
ti the anti-inflnmmatory and immunosuppressive functions
of this hpopmtein (6,7} These copabilitics coupled with the
anticidant, antithrembetic and vasodilatory capabilities of
HEL (81 give rise o the overall cardioprotective behavior
af HOL. [t is becoming increasingly apparent that these
antatheragenic effects of HIL are nor only dependent
on s goneeniration in circulating blood but alse op s
hiclogical quality (9114,

The functionality of HEBL is impaired in humans with
chroms: inflammatory discases, meluding atherosclerosis
(12, and these deletenous effects can involve pxadative
mudihcation of Apolipopmoteim A-1 (apeA-1010 13, The HDL
dysfunctuon imvolves reductions o both ant-milammatory
and cholesten] ransport properties. Protcomio studies that
hove been conducted recently i varous loboratonies | 14)
exemplify the growing interest originating from clinical
observations on the atheroprofective properties of HEM.,
What ¥z emerging iz thar the HIM. prodeome containg,
im wddition o the previously recognived gquanritarively
“mimee” apolipoprofeins, enzymes, and Tansport proteins
rebevant o lipad metabobzmeand many others that are oot
i Lhe Tipid area but are mvedved i the processes of acote-
phase mesponst, proteimase ohibiion, sed  congplement
pepulat. The presence of anall pepides amd Iragments
of vel unknown function bas also been meported (13
This unsuspected array of HDL-assoviated proteins with
a marked diversity in hiological function has opened
new averies of investigations that may peovide a bemer
mnderstanding of the rele played by HDL in athetogenesis
amid inflammeatory prcesses in general and help identify
nowel hiomarkers of cardiovaseu lar disease {160,

HDIL Helerogeneily

HOL 15 o comples mscronsdecule comprised of lpids
(phospholipeds amd wnesterified Tree cholestero] on e
surfoe and cholesteryl wster and wiglveersdes i the
core ) ikl proteins fapolipoproteing wod @ vaciely ol sthe
proteins o smaller amowsy, Moluple sublractions of
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HIM. based on density, size, charge, aml composition can
ke identified in plasma. A topic of considerable interest
is. whether specific sabfractions of HDL confer greater
ability o predict cardivvascular risk than HDL O jtself
o iy e ol greater ulility in assessing the benefiss of a
thempentic intervention argeted w HPL. Patients with
coronary discase cenerally have smaller, denser HDL
particles, leading i the concept that larger HDL particles
muy be assoctated with grester protection from CHE.
Howeever, the data regarding the predictive whility of
HDL. subclasses for CHD risk are not conclusive. Becent
study mdicate that there 15 a direct relationship between
HIY. size, apoAl conteni, and Lecithin Chelesterc] Acyl
Transterase (LOAT) activiation, that differenl subelisses of
particles have distines morphology and stability, and thai
spontanecus remodeling of HDL parficles represents a
potential mechanism for the generation of Tipid-free/lipid
T apod-l i vive (17 ),

HEL con be frctionased mto discrete subclasses by
differeat technigues according e thewr physicochemical
propertes. Human HDL can be sepurated by ultrecentrifu-
patier mio two man sublractons on the basis of density,
HDL, (1.063-1.125 giml) and HDL, (1.125-1.21 g'ml),
which 15 relatively protein-rich, HIL, and HDE, con be
further divided on gradient gel elecwopharesis into HIDL.
(1006 nmmy, HDL,, (9.2nm), HIL, (84 am), HIDL, (8.0
nam) and HOL. (7.6 nm) in decressing order of particle
digmerer { 18). In addition, HIL. cin be separgted into mvo
i subpoputations eo the basis of clecrophoretc mo-
Bifity: the mayer sublmcton bas o relatively lugh negative
surface charee density angd 15 called g-HDL, whereos thee
wlher Mraction is called pref-HDL (19200, Most of the
HOL particles in plasma ae o-HDL 217 aod peef3-HDL
represents vnly approsimately 3% of totad apod-122).

Prefi-HDL. has been resolved into prefi . prefl, and
prefi HDLL particles acconding to increasing size hy two-
dimensional gel electmphoresis (200, Apnd-I 15 the only
protein constitient of these nascent HIL purticles b,
inferestingly, it apoM is alsn expressed by the cells, the
particle siee increnses. ApoM may fuscion imtvacellulaly
b ramsfer Tipid cato the HDL panticks during or aftes
thew Fomatnm by ATP-Bipdhag Casseie Al (ABCAL)
(23). Depending upon cell vpe. a-HDL andfor prefi-HDL
partcles can be lonmed by e apoA-FABCAL weaction
[ 245,

Apolipoprotein B (ApoF) s @ profein componcent
of several hpoprotein classes inclodimg HDL. Tt s also
Enown as lipid transfer imhibitor protein (LTEE) bascd on
its ability to inhibit lipid transfer between lipoproteing ax
vive. Apol overexpression reduces HIDL chodesternl levels
immice by increasing chearance of HDL-CE. Apol” may be
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Figure 1. Heterogeneity of HOL subpopuiation (Heproduced wih
perrissian, from F Tabhel and K-8, Ry Glinical Scinnce 20009,
T16. 87-98 £ the Bimchemices! Socisly )

an ipperiunt determinant of HOL metabolism and neverse
chalesterol transport (255

Cholme-containing  phospholipids (phosphatidyl-
choline, lvselecithin. sphingomyeling represent S0-955%
wf the phosphobpads m HDL (260, The caloolated hpad
composition 15 137 phospholipads. 300 free (unestenfied)
cholesterol, %1 cholesernl ester and 19 rriacylglyoeml
marlecules inoan HIM., particle, and 51 phospholipids, |3
free cholesteral, 32 cholestern] ester and nine triscylzlve-
erol molecules in an HDL., particle (27} Prefi- HDL con-
tains mainky apos-1and phospholipids with smal] amoumis
of chalestes {22,281,

Ingdeed,
ielividuals with spnbar HDL-C - concentratmms  with

there 1= coosiderable  vartion  aesons
vegard to the abality of tre seoum e promate cholestenol
elllux ex vive (29300, and soane evidence that even after
norrnslizstion, some HDU particles are more elfeciave ol
promoring effiux than others (310, Thus the shility to nssay
hurmin serum o molated HBL for s cholesteral efflox
cupacity conld be an impomant method of derermining
HIIL. function in sssessing differences among individnals
o7 1T respanse i nove | therapies,

Robust Inhormory sssays of HIM, sobfractions and
Cusections and sabidation of the sseluliess of tese assays
(o predictng cardiovascular vik aml assessing fespoose
Lo therapeulic imterventions are critically inpostacel ad of
greal nterest L cudiovasculas clibiclans and investigators

and climcal ehenusts (113,
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Dysfunclional HDL

RCT is the process by which chelastarel in peripheral celis
teg, lipid laden foam cells) is effiuxed onto cirgnlating
HOL and tmnsported boack to the liver for scorction mbo
bile snd feces (3223). Promotion of BCT 15 constdered o
mujor wnitsthemogenic function of HOL (34

It 15 well established that HDL-C concentration i the
blood 15 mdependeatly and inversely associated with an
mcreased nsk of OV (335 56). However. it is apparent that
vy patiens with "normsl oreven "elevated” plasma HDL
experience clinical events {371, Furhermone, the recem
clinical wial ILLUMINATE, which tirgeis 1o increase
plasma HPL levels with a new selective Chalesterol
Ester Transfer Protein (CETP) inhikitor, Torcetrapib, was
premuturely terminated because of an increase inall-cause
moatality despite an merease m HDL-C levels. These
disappombng results sugzest that HDL may oot abwoys
be athemoprotective (3839 and in some condimons, i
paradoxically enhances the process of atherosclemsis
(40}

Fooelmon developed  5n assay
tor measue the .;mriinli:amm:lmr'_l.r activity of HID, by
determining the extent o which HIL inhibits monocyie

and  collesoues

chemotaxis indwcad by [ g=ing am d vireo reconstituted
wriery wall model by the coculure of smonth moscle cells
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and endothelizl cells (41), Orher assays for HDL function
include cell free anfioxidant activity (423, inhibiticn
of endothelial cell adhesion molecule exprossion (435,
and the ability of HDL 1o &t as an acceptor of ozllular
cholesterol. Mavab, Fogeleman, amd colleagoes using
this artery wall model system have demonstrated several
conditiens 1o whiich HDL can lose s antinllimmatony
prirperties, mcluding dunng the acute phise esponse when
serum amy bnd A partinlly replices apoAl i HDL., during
mnfluenzu A mfection. and 1o spolipoprotein AL transgenic
muce | 44-44),

HDL from Coronary Adery Disease (CADY subjects
is dystuncrional. In fact, HIX. from many CARY parients
wiks actually preinflammatory, thus increasing momocyie
chemotixis in response 1o 1.0, unlike the HIM. tfrom
healthy contrals that reduced monacyte chemningis, There
wre many possitle alrevations herween this dysfunctional
HI . wnd mrmal functional HI. 042,

Inflanunatin induces major chonges w HDL levels
and vomposiion. Mediaters of niflamenation such @s tmor
pecrrsls facter (TNFl-e and  mterleukin (IL -6 induce
exprassion of serom sy load A 4T amd proup LA secretony
pisspholipase A2 (sPLAZ-1LA) (48, which dmomatical by
alter HIL. apolipoprotein content and levels, respectively,
Acnte phase Serom Amyloid A (SAA) in the plasma is
wsscrcinted wirh HIDL., where it can comprise the major
apolipaprotein (400, The increase in sPLAZ- TIA setivity
results in hydmbysis of HDL surface phospholipids and o
decrease in HOL particle size (50} The plasma CETP s
an nkeeral component ol reverse cholesterol taunspont and
tezulates HEOL clislestenol concentmnons. By proamating
the trunsfer of cholesteryl esters (CE) froom HDL wy apolb -
contaiming lpoprotein particles, D -derived CE 1= inken
up via e LDL receptor amd cleavsd by the liver (313, An
additional result of CETP action 1= e seneraton of lpd-
poor apod-1 (523, a key accepior in ATP-binding cassetie
tramsporter Al (ABCATL- mediated bipid efflux (33 The
preience of 5AA on HIOL holds the potentisl to impact
hath the CE transfer and the apoA-l [therating ahility of
CETE sPLAZ-11A could alsn smpact the lather sction of
CETP a2 spoA-I was shown to dissociste more readily
from CETT semodeled reconstiteied HDL after hvdielyvsis
by bee venom phospholipase AZ (54).

Teleologically, the dramsatic chamges in HDL
compesition and metabolism during inflammation moes
serve woshorl erm pupose o allow  the organism o
sUPvive a noxious dssanlt Acute Lssue injury results in
vell desth with faree guantitics of ocll membrenes rich in
phospholipids and cholesterol genemted. Macrophages ure
mobilieed te such sites, inpest these fragments, and acguine
comsiderable liped load 155)
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Anther tactor that mught make HDL dvsfunchonul
i @ change m the HDL-sssocioted lipids. HOL may
acguire oxidized lipids from cells and by exchange with
otheer particles, or HDL lipids may ke axidized in =it,
Lipidd peroxides mav interfere with HDL ansioxidant,
antinfammatory, and  cholesteral  accepror activities,
Fully functional HDL mav promote lipid hyvdroperoxide
mesabalism and its uptake and clearance hy the liver,
which wauld ke protective (361 In contrast, dysfunctiomal
HIN. might promote the transfer of lipid bydroperosides
to ppoB-contanng lipoproateins and promote YLDL and
LDL exidotion (571,

Myeloperoxidase (MPO) @5 wn enevme found in
neitrophils, monccytes, and  seme macrophages. ot
wies hvdrogen peroxide w0 gemserate  chlonnating and
nimiting caidants, which play an imporant role in kKilling
micrnorgmisms. However, these same mactive species
can alsomodity host proteing and fipids. MPO s enriched
in human stheroma (39, and it5 presence may promote
lesion progression, by increasing LM, oxidation, amd
block plagque regression, by madifications of apaAlHI
i weepaur RCT. Berat e ol demonstrated thal meubation
of HOL with MPO, 10 o chlosmating peaction (MPOH O/
1y that produces HOCT {chiorine blesch), or with reagent
HOMCT far u very high WD ratio of HOCEnpoAl) leads
mva loss of unsptursred fary acids in phospholipids and
chrlesternl esters, und the Ioss of cholesterol sccepor
activity (40},

In addion 1w decreased  lipid  acceplor  acuvaty,
Panzenboeck e ol also showed it MIPO—pe HOCL—
mishied HDL was jnore susceplble o uplake and
deoradution by macrophaoes, thus twmng HDL from a
lipsd-seoepting Lipoprotein woa lipid-lociog lipopreieins
(6l

MPD modification of apoAl
relevant by demonstrating that: (1) apoAl o plasma and

is  phvsiologcally

more s0-in arterinl lesions is @ selectve turget of MPCO
mesdifcation that leads to the nitmtion and chlonnation of
specific apoAl tymsine mesidues: {2) plasma apoald nitro-
andl chloro-tyrosine levels are higher in coronary amery
dizease patienis B in contrel subjects; and (31 apoad
ivrosine chlorination, whether in endogenous plusma or
afeer i virre MO mediated  modilicaion, 15 associated
with the specilic loss of ABCA L mediated cholesterol
acceptor activity, sech that apoAl cholesterol scoeptos
activity was invers2ly correlated with apedd it —and
chloro—tvrosme Jevels (G2-671

Thus, the
chloro—tyrosine may serve us physinlogioal wseful ond

fevels of plasma apoAl nitmo—eand

spectfiic markers of MPO sctivity fn vivo, oven though
tvoosine modificetien docs not appear to be responsible
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for turning the “good” HDL-cholesterol "bad” Apoid
dclivity appears o require both hvdrophobic aml aromatic
resicdues in the Trp positions. When the 9WFE amd wild
Py pe apoAl soliormes were treaed with increasing oxidant
stress from MPO or HOCL the 4WE tsoform 15 markedly
resistunt o loss of cholesterol scoceptor activity (68). Thus,
the 4WE apoAl isoform is MPO resistamt and may be o
better thernpeutic reagent o pmomote the regression of
atherosclerate plrques, an environment where MPO and
MPO-derived oxdants sre sbundans. If this stratesy s
successiul, then "good” chalesterol can be made “hetter™
(13

Zheng o af,, sing mass spectrometry, demonstrsed
that the level of apoAl c¢hlorotyrasing was & better
predicror of cardiovascular disease than the kzvels of todal
phisma-chloro- or nitro-tyrosioee (621, This tepe of assay is
more speoific for dvsfunctonud HDL but 15 too labonious
The identification of 4
muodificd residues o apoAl, such as chiorotymsine. and

for rowtime clinical ase. stilic
hyvdroxyteyprophon, make it possible w develop novel and
scdlable immunowssiaye speciiic for oxidieed dy=functionol
HIM: Thronegh the development of these new assays it will
he possible to perform ohservational and interventiomna
studies roodetarming the associarion of dystunctional HII
with U AL, cerebrovascilyr events, wnd marmalicy (13)
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Inflanunition s propesed (o impaic HDL function
pad RCT. This mey be of pathophysiological significance
sttenuation of RCT
athemscleross in chronie inflammatory states, including
metabolic syndrome and T2E0 (659,

bocause might contribute to

Cardiovascular Protective Effects
of IIDL Beyond RCT

The cerdioprotective offects of HDLs have been attributed
by several mechamsms, mcluding their involvement in
the reverse cholesterol trunsport pathway, HDLs also
have antrocadant, snt-nflammatory amd antitheombone
propemies and promote endoshelial repair, all of which are
likely to contribute 1o their ability to prevent CHID (F)
The central anti-atherogenic activiny of HIL = likely
e ke its ability o remove choleszrol and oxvsterols
from macrophage foam cells. smooth muscle cells and
endothelial calls in the arterial wall, To some. extent, the
plentropc atheroprotective properiies of HDOL may be
relited ok ability to promote sterel and oxyvsterol efffux
froon arterzal wall cells, as well us o detoxify axedized

phospholipids (6)
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Athemsclerosis, once reganded simply o8 cxcessive
socummlation of lipids in the arery wall, s now considered
tev he o chronic mfammatory disorder that is choracterized
by the presence of macrophages amd other inflammatoey
cells in the arerial intima (700 There is mounting evidence
that HIDMs inhibit the inflammation fat is associaied with
atheresclerotic plague development, including the initial
step, where cireulating beucocy es become iethered 1o the
endmhelial serface and migrate into the artery wall (71}

I'he death of macrophages in atherosclemotic lesions
by wpoptosis or postapoptotic necrosis i thought
contnbote to mAammanon, necrotic core formation wnd
destabilization of plagues (7275, Recent stody shown that
HDWL reduces macrophage apoptosis induced by loading
with free cholestenal or cowlized LDL (76} Interestonaly,
the ability of HIIL to profect agains: apoptosis, especially
that induged by oxidized LI, is abalished in ATP Binding
Cussene G (ABCG] ) - /- macrophages., This reflecrs the
specilic ability of HDL and ABCGE o promose efffux of
Tketochalesteral amd relited oxyserols modifisd ot the
seventh position From masrophages loaded with oxidized
LOL. Incontrst ABCA L and apes- 1 do not promaeie e filux
of T-ketoachulesterc] from cells. 7-Ketocholesterol 15 the
megor vy sterol foumd i oxidiecd LD and atherosclerotic
plagues. Comsastent with an i wive role of ABCGL
promiting efflux of oxysterals, ABCGI- [ - mice show
accummlation of 7-ketocholesteral in macrophiges, as well
as meduced levels of T-ketocholesteral in phaswa, when
fed & high-cholesternl diei, These ohservitions soggest
a specitic role of ABCGT in pmmoting efflux of toxic
cxyaterals from plague nueraphages to HIL. As ABCG
alse appears to he hizghly expressed noarrenal endotheliom
(770 e wotivity could also potentially protect aguinst
oxidized LDL-mduced endothichial dvslunctnand reduced
endothelial mitess oxide synibose (eNOST pctivity (78],

ABCAT wnd ABCGH are both induced 1 phagocyies
following - iogestwn of apopetice cells (79, and  are
mvalved inopromoting cholesterol efffux alter mzeston
of the cholesteral-rich apoptotic cell, thus protecting the
phagnoyte from fwee cholesternl-induced cell death (R0
The induction of ABCAT invalves hoth Liver X Recepiors
(LXRS) and activation of mitogen-activated protein kinase
(MARK Y signalling pathways in phagooyies, specifically
ME=[i and piE MAPK signalling, whilst the indocrion of
ABCGL i mediated via LXEs (791

Thus, o atberosclerolc plagues, the activites of
ABCALand ABRCG] probably Belp o gt rid of choalestaral,
vxvslerols aml osnidized phosphoelipids bl are ahen up
during ingeston of medilied LDL or apoptotic cells, The
efficient and healthy cleaance ol apoptetic cells s likely
to be a kew event limiting losion progression, and the
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failure of this process may lead w directly 1o postapopiobe
necrosis and inflammatory cell death, promoting plages
destabilization {74),

HDL  has potent  aptiinflammadory properlies,
including the ability 1o directly bimd and sequester
lipopolvaaccharide (81 821, suppressing activation of Toll
hike receptor 4 (TLRS) siznafing (83). Receat studies have
mthcated additienal direct cellulur effects of HDL lesding
to suppression of inflammatory responzcs. By promoting
cholesterol cofflux, HUML hos been proposcd to inhibit
cellular mffammutory sionabing leading to inhibition of
Monocvie Chemoattractant Protein- | (8MOCP-1) and T 16
expression aml monocyie rensmigration (84,

These mechanizms (2, increased sterol svnthesis and
decreased sterol efftux) likely help to conserve cellular
cholesteral required for increased membrane synihesis
during cell proliteration, Additional mechanisms may
al=o be involved, such as changes i membrane lipid
composiion or erganigation tha lead w eohonced growth
fuctor receptor mediated zignaling svents. These studics
strongly suzeest that HDL-meduted chobesterol efflux via
LXR-regolatod ABC ransportens play s a key risle i down-
medulating lvmphocyte probiferation and actvation. The
sterol effluy activides of ABCAT and ABCG) modulate
macrophage expression of inflammatory. cytokines snd
chemakings as well as lvmphocvie profiterative responses,
In mecrophages, mransporter deficiency causes incressed
signaling via varions Tedl-like receprors incloding TLR4.
Aradies have shown that the tradition:l roles of HIH
ard ABC teansporters i cholestere] efllux and reverse
limked  to
vntiinforimatery and  inmunosuppressive funclions of

cholesterol  ansporl  are  mechanistcally
HOL . The underlving mechanrsms msey oy olve modulation
ol stemol levels and Bpad erganication inocell membranes
(7.

Several lines of evidence soggest that HEXLs have
[roperties,
oxidative demage in atheroselerosiz. This heneficial etfect

antisickimt which may protect - agninst
has been attributed o enzymes, such as FOMN | and plateler-
nctivating fuctor acetylhydrolase (PAF-AHI also known
us lipoprotein-associated  phospholipase. A2 (Lp-PLAZ),
present on the HDL stufuce (85861,

O idative slress, an eoreraing risk Factor [or premature
atherosclerosts and caiovascular disease, mediates the
fermation o proinflanueaty, proatherogenic oxidized
low-densiy hpoprotein (oxLDL) e e aderial i,
pa L DL contaims multple produects of Tree radical-iduced
lipid peroxidamon, e luding Bpid hydroperesides (LOCH)
pi primery products, secondary LOOH-derived  short-
chuin sxidized phospholipids (oePL) and oxidized steonls
(873 Sigmificantly, products of Hipid peroxidation prescnt
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i oaLDL can indwee & proinflamnmtery phenoiype in
arterial wall cells, wiuch contributes 1o b endothelial
dyalunction and apoplotic cell death, key elements 1o the
wntation and progressen o atberosclemn lesions (88,

HIDL
ppolipoprotemn, may plivy a central role m HDL-medianed
pntioeidative potivity, oz Met residues 112 and 148 can

Apolipoprotem A-L (apoA-1), the mujoer

reduce LOOH into redox-inactive Hpid hyvdroxides (LOH],
therchy terminating chain reactions of hipid peroxidation
[ B A6,

In addition to apoA-1, spolipoprotein components of
HI3L.. which display antioxidative activity, include apal,
ppod, dpoA-Il aod apoA-IV. ApobE posscases  distine
potiexidatiive propedies (91 and can promote megression
ol athervsclerosis mdependently of reductien m plasima
cholestercl levels (92-94), The Dbepelicial scticns of
apod may be related o ms ability o maintaen inlegrily
ol membrane sond Lpoprotein lipids via s by dmopiebac-
hinding domaims (35).

The capucity of apoA-Il to protect LDL  from
ixidution s however questionnble, given the fact that
overcxprossion of human apoA-1E in dyslipideemic mice
pecelerates athemsclerosis by alicring the HOL proteome,
by Increasing aortic accumuolation of oxLDL amd by
redecing  antoxiclaive activity of HDL (9657 Such
pro-atherogenic actions of aped I may be elated o the
displacement ol antatherogenic apod-l and PONT by
gpo A1 from HDL paarticles 975
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Enrymatic components potentially contibuting o
antioxidative properies of HIL inciude PONT, PAF-AH
ur “lipoprotem-sssociated phospholipase A2 ad LCAT,
all of which wene proposed to Svdrelyse proallaumatory
shori-chain oxPEL (9899, The distinction between the
liydrobyic actions of HDL-associsted PAF-AH and of
PONT en LOOH 1= however diflicult as e 1w activilies
wre Lypicadly determined vsing substrles, such as PAF (o
PAF-AH) and pamoxon (for POND), whose hydrolysis
does not parstlel the hydrobysis of LOCH ¢ 10

The poment antioxidative activity of HDL, eritically
i walves tunsler ol phospholipidhyd soperos idies (PLOWCED
fom oaLDL w0 HDL, in b process dependent o HDL
surlace lipad cigidicy, with concomitanl reductzon of LDL-
derived PLOCH o thee corres pomding redox-mactive PLOH
Ly Mt residues of apad-1. Indeed, e ransler of LOOH
fpan LDL o HDL can occur divect]y berween Lpopastain
phospholipid monoliyers. cither spontuncousby or medisted
by lipid transfer proteins (100,102).  Concentrations
of redoxactive Met residues inoapoA-l and of FLOOH
suggest a0 2 1 reacton stodchiometry (8590, 10035 Apo A-1
therefore constitutes the contral clement in HDL -medisted
protection of LDL fom Free radical — induced oxidation.

HDL pasticles constitute & magor carrer of LOOH
in hueman plasma and bave therefore been proposed 1o
function a3 a “sink” for oxidized lipwls (361 which can
sccumulate. when LOOH-anaetivating capacity of HDL
5 overwlielmed, Consistent with this Bypothesis, HDL

Antithrombolic Anboxidative Reverse Cholesiers| efffiun  Antiinflammatory  Pro-fibeinolytic
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T, Cormade DP, Fak E, Mulder WM, Fisher E&, Fayad 24, Adercscler Thromb Vase
Bio! 2010; 30: 180-T6, © American et Assocation),

98



DOI: 10.18585/inabj.v2i3.123

has heen récently shown to represent the major cavier
of plasma FZ-izoprostangs, stable end-products of Tipid
perasidation { [k, From the physiological point of view,
sach “sink™-like function of HEPL may ensure efficient
elimination of oxidizad lipids from the circuliation through
the tiver (10,

HIL partecles are highly  heterosencous i ther
functions 931,

Among the major HDL subpopulations, small, demse.

structore. metgbohsm amd  Buolosical

prortean-nich HOL, are distinguished by their proteome and
Lipiddome (1051061, Funbermone, HDL, exhibil potent
eapacity o proteet LI from free radical-induced ocidarive
damage (1071 and tocinhibit oxBDL-induced apopiosis
af endothelinl cells (108), Atheroprorective properties of
small, dense HIM., are consistent with results of clinical
ancl amirnal shadies {105 10,

The mast interesting of thess identified small dense
HDL ¢ as a particle subpopulation in which seven proteins
vecurred  predomimantly: aped-1, - apod, upol-1. apok.
PONI/3, PLTF and PAF-AH (105.106). The HDLc
proteone abse contamed apoA-I1 apelr, apobd, SA8 L
2oand A, apoC-1. apeC-11 and apob. The unigue protecime
of HDL g hos crtical functionsl implications us this
particle specics exhibited the prearest potency among HIL
subpopulstions o protect LD against oxudative siress i
vimmg, Such antiokidative sctivity was positively cormelaed
with the presence of apel, apol, SA A4, apold, apol -1 and
FOIM 15 im HERE e {1

Beplecement of apod-1 by acuie phase proleins.
primaridy SAAL mn small, dense HDL panticles wimder
comditions of chromc inflaommanon (1L may represent
another mechamsm contributing wthe inearnsent of HOL
antsoxddative actvity, Thes, cuculatng HDL pacticles, and
particularly small, dense, protein-rich HDL,. may provide
potent protection of LOL ivive from oxidative damage
by free mdicals an the arterisl mtima, resulting in the
imhihitinn of the seneration of proinflammatcey oxidized
lipids, primarily lpid bydmpemsides (LOOH) hut also
short-chain oxidized phospholipids (oocPL (1123,

Our understading of the mle of apoA-LHDL
cardiovascular health and disease has entered 4 pew
et mecently with the discovery that HDL has direct
actios v Lhe vasoular endotbelinm and oo mechanismees
medisting thrombaosis. In particular, the capacity of HIL
to modify endothelial MO synthase (eNOS) expresson
and sctivity and the production of the atheroprotcctive
signmaling molecule nitric oxide (MO, Multple lines of
mmvestigation indicate that NCY is nthemprotective and that
MO deficiency 15 critically involved in the pathogencsis of
hypercholesterolamia induced  vascular disease, Becavse
eMNOS activity is acutely regulated by muliiple extracellulu

HDL: More Than Just Cholesterol (Meiliana A, et al.)
Indones Biomed J. 2010; 2(3): 92-112

stirmali and the MO produced is a labile, oy totoxic messenger
melecule with primarily parscrine function {114 1133, the
infracellnlar site of MO synthesis has o major inflsence on
the ological ipact of the enzyme. Incultured endothelial
cellz, eNOE ispriman vy associated with caveolae (EF3, 116,
Caveolpe are specialized, lipid-ordered plasma membrane
microdimmams ennched m cholesterol; glyeosplumaolipids,
sphingomyelin, amd hpd-unchomed membrane  proteins,
and ey contima variety of sirnal-transduction makscules.,
Bty MN-termunad myristovlaton and pelmitoylation of
eMOE are necessary for optimal largeting o caveolse
(1070, In pddition w go- and postronslational modiicatons
of Tesident profeins, membrane cholesterol s essannal tor
normal caveolae function {1181, Oxidized LI (D13
cawses depletion of caveolae cholesternl in endnthelial
cells via the scavenzer receptor CIEG, ledading o aNOYS
redistribestion tooan inmrseelloler lecale and anowrensrecd
capacity o activiate the encyme (115,120,

HDL  maintsms e betal cholesterel  content of
caveolae by the provisiom of cholestenl ester, nesulting
m preservation of the eNOR sipnaling module. Based
o studies of mimetics of apod-1 HDL prevents «NOS
uncoupling by LDL, wlich Gavors O, production aver NO
procluction. HDRL. caoses membmme-imitated  signaling,
which stimulates eNOS sctivity. Rinding of HIDL to SR-
31 wia apna-l caoses rapid activation of the nomeceptor
tymaine kinase Sno, leading i Phosphoinosidde 3-kinase
(P13-kinase) activation and downstream aetivation of Ak
Kinase and MAP kipase, wihich result i enbancespent
of eMNOS actvity. Although the apelipoprstein  and
phospholipsd  compuaents of HDL are  sullicieol Lo
activale signaling, B ey also be mvolvement of HDL-
asseciated Ivsophosphobipads SPC, SUP and LSF acting
Lozl the lvsoplosplchpid receptor S1P2, In addition
to modulsting the acute response, the activation of the
P13-kinase—Akt kinase pathway and MAP kinwse by HEL
Causcs an incnedse in MO prowein (122,

Multiple proatheragenic factors promoso apopiosis
in endothelinm, amd these molude OxLIL (123124,
[MF-cx { 124,125). homocysteine (126), and angiotcnsim
11 i126y, OxLDL causes a delayed but sustained increase
i intracellular CaZ® i endethelial cells. which results in
cell death, and this efTect is reversed by HDL and mediated
by prevention of the sustained Ca2” increase. A pulative
redox motif CRXS residing ot amino sokds 3235 to 326 of
SR-BI 15 required for the promotion of apoptosis and that
this 15 medinted by caspase 8, which 1 a component of the
membne-related spoptosis pathway, The proapoptotic
cffects of SR-BI were reversed by HDL and by oNOS,
sugpesting that wnder normal conditions, the antiapogtotic
actioms of MO prevail, whereas with low levels of HIL,

99



The Indonesian Biomedical Journal, Vol.2, No.3, December 2010, p.92-112

SR-BI may promeie endothelial cell death | | 253,

The processes of endethelial cell proliferation and
migration are ¢rucial w bl pecvascularization and 1w
a sweegssful response o vascolar ey, Disrupiions
of endothelial cell monalaver integrity, either by gross
denudation related © & wvascular inerventon or gap
formaton beteeen cells caused by disturbed sheur stress,
plece the arteral wall at grester nsk for vasculur discose
(12%-131) Futhermore. whereas  repeated  endotheliod
removal worsens the seventy of vascular lesions (132),
cohunced reendothelialization Blunts keson  formaotson
(133,134). Provulmg another potential explunation for the
cardiovascular protection afforded by HIIL,

The moleculsr mechanisms responsible tor the
antithrombotic effects of HDL me likely o be multiple
(1235 137, amd they relate o the 3 caregories of processes
known as Mirchow's triad, which contribufe to thrombis
formagion: (1 dvsfunction of the cells within the vazcular
wall, particularly the endotheliom: {23 disturbed Blood fowe:
ard (31 dysfunction of blood components. bMuny of the
protective activities of HDL in the Ot 2 categories entul
the NO-dependent abliy of the lipoprotein 1o promote
enduthelial cell health and opumal vaseregolation. In
addition o promating NOproduction, HI¥ canses enfiineed
prostecyelin synthesis, which can madify thrombosis
as well as ofher infravascular events, Prosfacyelin pets
synergistically with NO o induce Viscubar  Sminoth
Muscle (WAMI relaxition, inhibic plaseled actevarion, and
diminish the release of growth facrors thar stimulate the
focal prolilferaton of ¥SM cells. The tnpact of HDL on
prostesvelm producton e endotbe linm cocwrs by both e
provision of arachidonate (140-143p and upreg ulation of
Cae-2 expression (1441450 Recently, it s been shown
thut HDL, indoces Cox-2 expression and prostacyclin
release vin o p3R MAP kinase/CREBR-depondent pathway
in endothelivm thar mimics the mechinism chat oecurs in
SOEM G- 1R

HIM . tramspowts varinas sphingalipids that sre present
in plasma in the micromolar range, and at lenst 4 kinds
of HDL sphingolpids (149 may diectly o mdiectly
conlribate antithrombotic activicy, HDL ey promote
bnpodysis by dowpregolating  plasnunozen  aelvador
inhibitor-1 (PAL-T and by spregulating fssee plasminogen
actrvator (LPA) (149-L5 1y The oxidation of HDL alters
the wlluence of HOL on Gbrinolysis becavse oxidized
HIM., but not native HDL,. promotes PAL-l expression
and consequently suppresses fibrinalysis (152).

Platclet agoregation is  imversely  comelated  woith
HIM. levels in humans (133), suggesting that HIDL has
antiplatciet actions. Mechanistically, although HIDL may
reduce platelet activation directly (1343, HDL may also aet
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indivectly on plateket activation via effects on endothelial
cells,

HI Prolegme

Fhe inverse relationship between plasma HDL-C levels
and atherosclertic CVD provides the cpideminlogical
busis for the widely accepted hypothesis thar HDL s
athemprotective. Despite intense rescanch, the underlying
mechanisms of HDL athero-protection remain incompletely
undersiecd, Indeed, recent elinical wialk (133,156) indicate
the complexity of HDL physiology and the challenzes in
developing HIDL therapies. HDL function, and bepehit
with a specific therapy, may depend more on the malecular
mechanism driving imereases in HDL-C than on the
ahanlute level of HDL-C (15T Some inerventions fhit
rupse HIM O levels may have nobeneit and even promaste
atherosclerosis (158). while other therapies may redece
CWEr wathowt actoally chanmng HDE-C  kevels (1555
Cwverall, the eprdemilogical evidence suggests that the
maponty of mechumsms that resultn heher HDL-C levels
in wive will prowide sthero-protection; the guestiong is how
my ddentify sich tavgeis. This requires a shift in mindset
ey assessing HIE inotermy of s atheropratective
funcrions rather than just levels of cholesterod and its main
apoprotein, APCAL

Althongh
cornpusition, aml function exisl, Gere are ne tractable

seversl  messurgs of  HDL pamicles,
methods for assessing RCT in bumans, aml simple,
reliable, and reproducible assavs of HDL anu-inllanumatery
functions are fecking. In this setting, recent HOL protesimic
stodies may provide povel nsiehis o HDL plivsioloey
and the potential for development of bioassays of HOL
function. althongh such studics are in their infancy (15,159-
163).

Ahntgun  proteomic identitied
complement regolatory profeins, protease inhibitws, and

anal ysiz multiple
seute-phiase response proreims in HIL, serongly implicating
the Hipoprotein in inflammation wnd the innate immune
svslenm (1637,

Mass  speciromelry analyses
demonstrated e HDL, from subjects with ©AD was
selectively conched 1w apok, mising the possiinliny that
HIM. carries a unigque cargo of protoins m humans with

and  Brochemical

chinically significant cordiovascalar discase. Colleotively,
these observationy  suggest that HDL plays previousiy
unsispected roles moregolating the complement sy stem
and profecting tssue from proteclysis and that the protein
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coargo ol HDL contributes o iz antamlaenmatory and an-
pthereenic properties { 1393,

Llsing shotgun proteomics, Vasar o ol wdentified
45 protems o HDL, solated by wlacentofozalion
from healthy contrels and/or CADY subjects {139, They
mcluded 22 of 23 knewn HDL proteins with well-
charncterized roles in lipid metabolism, which velid ates our
experimental approsch. Importantly, they found 13 proteins
not previonsly known o reside in HEL. Sumprisingly,
wcuip-phase response proteins (23 of 48), whose plasma
concentrations are altered murkedly by poute infammation
(1383, curnumbered proteins implicstodin lipidmetnhalism.
Several proteins nol pesviously known o reside in HDL,
icluding complement facwm C4ACHE and C9 as well
as the complement egulatery peoteon vilronecius,
identilied. Vilrenectn is an extracellular malrx peotein.
wilnch raises the possibility that cenain HDL components
citn be derived Fom pen-cellular souces o cells distnct
from those that svathesize apoA-Lin the liver and intestine.

Wl

Thedetection of multiple proteing with rokes incomplement
pctivation, together with poncenng studics of HOL prosein
complexes that kill protoena (164, is consistent with the
suggeston that HDL serves as o plaiform for the assembly
of proteiny mvalved in the innate immune response. Given
that proteclysis of swuctural peoteins in atherosclerotc
lesions is thowght e play a critical mole in plague rupture.,
the myabod cavse of myocardial infarction and sudden death
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i sabjects with CAD (165), 10 15 netewonthy that & Gonily
ul prineins m HDL that contain serime proteingse imhibior
dimnauns. Serine protease nfibiteas, wnned serpins. are
Lew rezulators of mumerous Biodosssal patiiveys e ved
e ilwmnaton, coagulation, anziveeesis, and matng
degradation, Moseover, they  also detected the tul
profeinase inhibitor kininngen-1 and hapiog lobin-re laped
protein, which contains & crippled eatalytic trisd nesidue
that miay allow It to Gct s 5 decoy subsitute to prevent
procenbysis. These observanons suggest thar HOE plavs a
previously mnsospected role in preventing plague rupture,
perhaps by protecting vascular lesions from promiscnous
protealysis,

These suppoat e progosal — that
alerations in HDL's protem cweo ighl boost e
Forination o inflamratory pacticles (138,169, rasing the
possibility that guantilying those proteins conld provide
insizhis ko atwerosenesis. leportantly, the CAD subjzcls
were nowly diagnosed (thouzh at least 3 months pust any
acute CALY event) and not on medications that alter Tipid
levels,

ohssrvalions

Lising statisticul wpproaches based on spectml
counting [the numberof M5AS spectra unigue toa protein
(166, 1671 and mndom permutaion analyvsis (E39,1G7).
they founsd five proteins that were apparently enriched
in HDL isclaesd from the CAD subjects, These proteins
selated to lipid meabolism (apelE, apeC 1Y, and aped- 1V,
oxidarive stress (paraxonase- 1, amd e immune Sy siem
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poomplement factor C30 ApoA-IY, located i ke apodt- I
apcl-1hapoA-1Y gepe cluster. mhibits athemsclerosis
e omuse models of lypercholesterclema {168, ApoE,
apeC-1V. aod CF are expressed by mmacoopbiages { Lo, T
3 1x needed o assemble the membrane aitack comples of
e connplemmient system, sugegesing o link between HDL.
macrophiges, and innate immunity.

Elevated levels of apok in HDL | isolated from two
independent groups. of subjects with established CAD
ratacs the possihi ity thet alteration in HIDLs protein content
seTves as i marker, and perhaps a mediotor, of CAD.

Protecimics studies hove estended the lst of identiled
apelipoproteins and associated proeins present in HDL
anwl s subclasses, These profeins appear to cluster around
specilic Fenctons related o lipid metabolizm inlammation,
the ummune system, hormone binding, bemostsis, and
antioxidant propeties (171),

In mewing forward, the challeage will be to develop
relatively simple HDL biomarkers that can be measured
before and after v clincal intervention, then comelated
with chnical outcomes or atheroselerosis imaging, and
ultimately wsed i CVD risk prediction. BExamples could
b nn immunonssay for the content of spectiic proteins n
HEMNL or its sobfractions; e.2., the proportion of HDL or
stibclasses containing APOE, LOAT, or Lp PLA., specific
complement proteins, antiprofeases. of oxidized Npids
conkl twrn out o have predicnive valoe, Application of a
brivad spectrum of assiavs that address HIL funceionskine as
well as composition 1s likely o provide the greatest insight
mitor the refatonzhip berween HDL and athemscleroses and
the effects of novel thermpaes (14).

HDL and p-Cell Function in T210M

Impaired  glucose-stimulated  insulin secretion s
characteristic among. individvals withh T2ZDM (1725
amd both [Feell dystunction and loss of [eell mass ane
known o be important in e pathogenesis of T20M
173y Changes an lipoprotein partiches are evident in
both metabobic svodrome and 12001 (1741, and e
likely to play un imporant role in the development of
atherosclerosis. Recent dat. owever, sugaest that chang es
im HLE and LD could alse influcnce [f-ocll function
and mass, implving a role for lipoprotein particles in the
pathogenesiz of TZDM, Patients with diabetes exhibit an
increase in small, dense pro-atherozenic LML particles
(1743, Impomantly, the diabetic dyslipidaema fregquently
precedes T2ZDM by years, sugaesting that Jdisturbances in

102

Print ISSN: 2085-3297, Online ISSN: 2355-9179

lipid mectabnlizm may he an exrly event inthe development
of this disease (1731760, In agreement with this, low HOL
1= s imde penslent risk Gacton for the develoginent of T20M
C175). Furtherore,  beealibrate treatinent. which raises
HDL-cholesterol levels by 16% and decrenses trigiveeride
levels by 2495 reduces e incidenve wnl delays the onsel
of T2DM in coronory aztery disepse patienis with mnpaived
Fasting glocose (1770

The most common abnormality detected in HEL hpad
composition n T2 15 an enrichment of trighecerides
in the HDOL core and a depleton in cholosterol ester
(178). However, other abicrations  mclode  mercased
SAA concentration, sccumubntion of glveated ApoAld
amd ApoAl, changes in phosphclipid composition and
decreased levels of HDL-associated enzyimes including
PONE and  LOAT (1738, As o resalt of these changes in
composiion, Apod ] or HDL iselated from T20M pateenis
has Jdecreased cholesterol efllux capacity (179180, and
defective  antioxidative  activity (1511, Furthermone,
HDLF isolated from people with metobolic syndrome
hins defective sntinpoptotic ectivity (182). Therefone,
addition to decressed nbsolute lovels of HDL. patients with
T2 also heve functionally defective HOL particles.
Creer the lust 5 vewrs, theee have beena number of soudies
that point to the role of f-cell cholesternl homenstasis on
insulin secretion (183,

Cholesterol can reguliate signal transduction throngh
memhrane microdomains amd gene expression through
cholestercl-aotivated  feamstription  factors (1840 For
example, intracellular cholesteral  regulates  glucose
metpbolism and gene expression m o sdipocyies (183),
Glucese Stmulated Insulin Seeretion (G515 15 a complex
process  involving w cazcade  of regulatory faotors.
Misregulation of chobesterel could result in disruption of
any one pathway and lead to partisl or o near complele
lowss 2f secretory function. One polential mechamsm for
chelastern] regnlation of GSUS that invelves madilicarion
of newmondl YO synrhase (n™OS) and GR activity throogh
chalesternl-vich membraneg micmaddomains on the imsalin
granales (TR}

As HDLs are the predeminant  scceptors of cell
cholesternl, it followy that they may he important for
muuntaining norngl B-cell Tunction and insulin seceetion,
lewewd, B0 has recently been peporied  thel isfusing
suprgphivsioloscal (B0 mpdg)  doses  of discondal
reconslituled HOL s (rHDL) comtaming ApoA-Lcmnplexed
with phosphatdyleteolioe . CA-DeHDL, imto humans with
T2DM increases plasma insulin levels, reduces plusmy
glucose levels, and incresses myocyte glucose  uprake
(18Th The ARBCAT, which ecxports cholesternl from
froell membranes to lipid-freedipid-poor apo A-1 is also
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important for maintieming nomsal osolin secretin aod
slucose wlerance o nuve (188) Moreover, HDLs have
beemrepured o inlibit f-cel b apoptosis and promete [b-oell
survivad {1 B9—15%E )

Feecont study showed halapod-1and apod-11 neither
e Lippd-free [orm o a0 constituent of discondal tHDLs,
as well us HILS from homwn plasma, mared by increase
imsulin secretion from AMint cells and primary islets onder
hasal and high-ghicose condifons withoot depleting the
imsulin or cholesterol content of the cells. These cffects,
which were caleium dependent and invaolved cxpression of
ABRCAL ABCGT, and SR-BI1, inclicate that HI s enhance
[Fewel] s lin secretery function (192).

Ths, abiermal cellular cholesterol hamdling i islets
mgy conteibute e Peoell dyslunction in TZDM., fecell
deficiency [or the ABCAL, which mediares the efllox of
cellularcholesterol, kads w aliered intracellubar cholesierol
homeostasis asd inpaived mmselin secretsos inammce (192

In sddition to its effects on f[i-cell function, HIL has
been shown o dircctly and posidvely influence p-ell
survival. HEL has been shown o decrease caspase3
cleavege { |B9y and downregulate the death receptor THRE
receptor superfamily member 6. dlso known as Fas (191
[ acdiition, isducible nitne oxide syoihase (iNO5), which
is Rnown oo mediae the proapoptotic effects of glucose
and cyiokines is downregilated by HEL treatment (191 ),

In addition, the antioxidative activity of HDL s
decreased in T2DM (181, which coald limit s ability
W prevent oxLDL induced [reell death in T2DM, These
date suggrest that diabetic dyslipidaemin could potentially
contrrhute tothe loss of [i-cell muss in T20M: The msulin
resistunee assockatod with metabolic syndrome and low
HOL muay progress to frank disbetes. 15 it possible that
apoprotein-stimulated msolin secretion 1= attenuated during
(s progression? First, the stimulation of msolin secretion 15
apoproiein concentration dependent over a phovsiologically
refevant range. 5o with low HDL i vive, especially if this
HOL b= dystfunctional, as is likely the case in diabetes and
e metabelic syndrome, the optimal cofactors for insalin
secretion and compensatory function of the 3 cell may
be limited. Furthermore, in the prediabetic and diabetic
stute, many protems may become glveated or modified
by carbonvls denived from carbobydrate oxwdaton, such
as plveolaldehvde, zglvoxol, and methvlzlyonal. Apoi-l
mudiied by these corbonvls 15 stll able o mediate
ABCA-dependdent: cholesterel efffux (194). However,
these carbohvdmte-denved aldshydes hove the capacity to
influenee ABC AL function and partico larly stabilizanon o
fhat the functioning of this inferacting couple of profeins
oy well he impaired in dishetes or predinheses {193)

Therapeutic normalization of hoth the quantiry and

HDL: More Than Just Cholesterol (Meiliana A, et al.)
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quality of H. paricles in patients with T2 may
provvide @ unique approach to promate [G-oell sunival and
function and to decrease islet infammation. HIM, coukd
s represent a wew Urerapeste tarezet m T20M (196).

HDL and Aging Process

HIN. plasma concentrations decling with wge in prospecti ve
stuchies, [Decling i HIM. concentation and  function
ey ocour secondary because of honnomal  changes,
inflarnatory  processes, amd disbetes melitns, Beyond
s ellects speclic azing provesses may be ovelved,
Replicative aging., the telonwre-driven loss of divisional
capacity, is @ species-speciic aging mechunizm tat may
decrease HDL concentration s Tunciion:. Vice versa,
HIM. muy modulate the aging process, not only by its well-
known antiathcrogenic offccts, 2o, s ohility w0 remove
cellular lipads wnd by antiatherogenic pleiotropic effects on
codl survival, but poasibly elso by dwect mterfering with
azing signaling or survival fuctor KLOTHOL

Aging is 1 complex precess that fon the cellular level)
includes cell evcle amest. morphology remodeling with
funcional decling ., chromatin silencing with profound gene
expression changes, and changes in metsbolism, Differen
riggers oy act together ina cooperatve Tashion and use
everlapping sigmling pathvways o induce and propagate
e uging process (1981 Replicative azing mesulis ffom
the progressive shorténing of telomercs (composed of
conserved nuckemide sequences, TTAGG inovertehrates)
atirtbutable to mcomplete end nepheaton doring cell
divisions. [t may protect agsinst increassd cancer risk
bot may also contmbute to athemsclerosis i luter life,
particularly g “atheresclerosiz prone aress™ with high
replication tes {19497,

The KLOTHO gepe, identified by insertiopal
mutagenesis in mice. is a suppressor of the expression
of muliple aging phencivpes, including atherosglersis
(204K, Antiaging properties of the shed ransmembrane
form of KLOTHOY protein are mostly capluoed by its
hormonal effect on msulin signaling: K LOTHO moderately
inhibits insulindlGFL signoaling, which is the only provea
evolutionury conserved mechenism for life span extension
LI e,

HOL cholesten levels are mmversely associated with
the derrimental effect of g dysfunctional KLOTHO protein
in humans, HL cholesterol levels n the high nosmal
ringe seem i be complesely prodective against KECFTHO)
dystunetion (200,202, The underlying mechanizm of this
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relationzhip is unknown, It is obvices, however; thar HODL
aned KLOTHCO madulate similar signaling parhwiays. Both
mileciles induce N synchesis, counteract dpopiosis,
induce angiogenesis, and counrerct insulin signaling in
cell culture models (2000,205 20}, Severdl mechanisms
may bz involved to explain o functional interrelationship
between KLOTHO and HDL. HDL moy compengate for
ELOTHC dvsfunction by ats ability to remove cellulas
lpads. One mecentdy proposed  model s that the man
eotisging effect of KDOTHO 1= s ability o prevent
celluler lipid cverlowd (und lippapoplosis) by reducing
insulin-stimulated avarlabality of the hposenic substrote
glucose (2051, Future soidies are required to find strategies
P mimic the positive (antiaging) effects of HI anif o
prevent the negative effects of aging on HIML (1975,

HDL and Hematopoietic Stem Cell
Proliferation

Yvun-Charvet or af. present an enrirely new role for HI
in regmlating stem cell proliferation in the bong marrow
[ 20070, A relatiomship between cellular cholestem| conent,
HDL, szl cells of the myelomonoeyie limeaze opens up the
possibility that disorders characterioed by e prolifemtion
ol smnatuere white blood cellscould be weated by roeting
cholesterel transport in these cells. Many cell surface
recepiors assemble mmembrane “rafts” that contain a high
comtent of cholesters] and glveolipids. These vafts enhanee
recepror oligomerization snd signaling in many cell fmpes
(207). In hematopoictic progenitor stem cells, growh
fictor recoptors ae organized in lipid rafts o promote
recepror signaling and consequentby, ocll proliferation
wned mrigrarion {208y, Becanse cholesteml overoad can
cause baves inocells, s cosrcentration soregulared by
several meclmnisms. Eacess cholesterol = pemoved by
ATP bioding cassetie (ABC) trunsporters 0 the plasnm
tembrane, which vwve chelestere] woestacelluly HDL
particles al the cell surfece (6).

As hematopoietic griow L Gctor receplons instencells
priganize in membrane rafts, the availabilisy of cholestemol
for raft formation modulates recoptor function. Membrane
cholesterol cen come cither from lipoprotemn wptke or
leseul synthesis in the cell wnd 15 balanced by elimination of
cholesternl from the cell. This halance depends on ABC AL
pnd AHCCH] transporers that mohilize cholesterol from
the membrane, and on HDL particles that aet as cholesterol
wcoeptors, Lack of ABCAL and ABCG] results in increased
rall formation. whereas additicn of HDL reduces rafls.
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Increased raft fomation helps o cluster recepiors for [L-3
and GM-CSF, leading o incressed responsivengss o these
hemmatopaietic growth facears and o increasad pralifenstion
of myveloid precursor cellz {238 2 1,

In atherosglemosis, leukoeyiosis is observed (2110, by
the reasan has been unclear. The resulis of Yvan Charvet er
el sugaest el mdividuals with hy perchobesterokemin may
develop keukocvteses because of moeressed proliferation
ol myelond progenitors i the bone mamow. Agun, the
cholesterol effiux pathway could be an inferesting tarpe
for therapy (212).

HDL, Ape-Al Mimetics and
LXK Agonist

Emerzing evidence suggests thut HDL functon iy not
always sccuraiely predicted by HDL cholesterol levels,
The functicns of HDL inclode reverse cholesteral transpaon
and madubstion of inflemmation. These Manctions appear
o have evolved oz pard of the innate immene system, HIDL
may be thowght of as & shuttle, The size of the shuitle can
he estimated by HDL cholesterol levels. The shuttle s cargo
cun chanee dramutically from one that eflicienty premotes
reverse cholesteral transport and 1= anti-inflammatory o
e that i less effective I promoting reverse cholesteros]
transport aml is alse promfammatory withoul any change
m the stee of e shuttle (e these changes 1 HOL cargo
can e withour any change in HD . cholestara] levels).
Uindemsranding rhese issues may lewd to improved e of
HID as s Biomurker wnd may also lead o pew therapentic
turgers and fenpies (213),

HI.

sgcourately  predict the composition, Fun:::inn:lli[:.-, amicl

Measuring cholesternl  levels may  nod
wpti-inflammuatory propeciies of HDL. HDL in diseases
asgociated with a chronic acute-phisse response bas been
fownd o be dyslonctional and pronlammatory. Curmently,
them amd oo lests widely avadable for messunng the
conpesition, functonality, and miflommotory  propenes
of HDL i clinical practive. However, il appears than e
compnaition, functionality, and inflammutory  propertics
of HIDL. are directly related oo the presence or ahsence of
conditions thar are known to induce s chronic acite-phise
respamse, These conditions: are chimcally recopnizable
le.g., diahetes, viscerl ohesiny, CHD, thenmaric discases,
chronic inflammatory gastromiestinnl conditions, chronic
el disease. amd cluonic infectons) (213).

Sinply increasing e wmount of coculaung HDL-
cholesterol does ool reduce the nsk of coroasary heant
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diseaze (CHI¥ evenss, CHID dearhs, or total deaths (2140
Singh eral {215 suggested that HIL could be a therapeutic
target by moditying 1ts lipid and profein caneo o improve
s antindlamunatony propecies, One method el has been
peported womodify e Bpid amd protein cargo of HDL
urvalves treatment with apelpoprotein mieelic peplides
(216}

HDL mimetics have been constincied o a number
of peptides and proteins with varving stracturces. all of
which bind lipids found in HDL. HIDL mimetics contaiming
il peptide or protein heve heen constrocted with as fow s
4 and as many as 243 amino scid residoes. Some HDOL
mimctics hnve been constructed with lipid  bat without
a peptide or protein component, Some HOL mimetics
promste cholesterol effius, some have been shown o have
a remarkable ability e bind oxidized lipids compared 1o
hurman apoeA-l, bMany of these peptides have been stwwn
o Bave antiinflammatory propemies. Based on studies in
d nuerber of animal ouxdels and inoeacly hustan clinical
trials, HDL mimetics appear 10 bave promise as didgnostic
and therapeutic agems (217),

LUise of apo A-1 mimetic peptides could potentially
overcone some of the hmitations associated sath use of the
intact apo. Studics wiestablish the most efficacious peptides.
optimul dosing regimens. amd routes of sdmimstration ame
needed. Lse of spo A-l mimetic peptides shows oreat
promise gs 6 thempeutic madality. for HEL eplacement
ind-enhancimg HOL functicn in restment of patients with
CHIZ18),

Apoedcl mimetic peptides show remarkahle capacity
o suppoert cholesterol efffuy, share the antiinfammatony
properies. of HOL, and reduce development of athera
selerosis i animal models (110 219-222). ApoA-l mimetic
peplides cost a fmetion of the cost of reconstituted HIL:
ey wre safe and well tolersted (2231, and approaches fur
oratl delivery are being developed 1230,224), Perbaps the
best wdventage of these peptides i the ability o modify
threir structure b better understand the mechamsms of
athernprosective action of HI., with o view fo further
impraving the atheroprotective capicisy of the peptides
{225,

Iystunctional HIM. has been identificd in animal
rndels and humany winth chromic infammanory diseaszey
incliding atherosclemsis. The doss of antimflammatony
[unction cerrelated willy 2 loss of [unclion in neverse
cholesterol transport. I animal models aod perbops o
huwmans, dysfumctienal HDL can be improsed by apod-l
mimete peptides that bind axidized lpads with bigh
affumty.

Aped-l peptide mimetic removed seeding muelecules
Fromn homan 1. rendering the LI resistant foooxidation

HDL: More Than Just Cholesterol (Meiliana A, et al.)
Indones Biomed J. 2010; 2(3): 92-112

By hureean artery will celis, The apod-Lassociaed seeding
prlecles  inclwded  hydroperosvoctadecadienoic scid
(HPODE! and hvdropesoxveicosatetiacaos woad (HIFETE)
[12}.

It s now zenerally accepted that HDL amd its
apolipoproteins are e megor inibal socepuors of egoess
cellularcholesterol. Membersof the ABC wansporter family
hawe been identificd as key, and potentully complementary,
collular participants o export of cholesterol to these
sooeptoms. ABCAL
cfficiently 1o lipid-poor apnAlL whereas ABCG) promotes

medites  cholesterol  efflus. most

chalesterol export to hpidated pamicles such ss HIBLL In
additon, the SE-BI receprior paifiway can also promasde
cholesteral export o HDL panticles (2267,

The liver X receplors, LXRs, are nuckear receplors
thiad st as cholesterol sensors in controlling ranscription
ol genes involved in cholesteral homecstasis and ligad
metabolism. LER agonistz have been demonstred to
deley stheresclemsts o mice (2273 by stimulating reverse
cholesteral ranspont from mocrophages. Additional studies
have revealed thot cxpression of LXE in macrophioes
is a prerequisite for the atheroprotective effent of LXK
(228). Beoawse ABCG] and ABCAL gene expression 15
stimulated by LXR szonisss in human macrophiges (2299,
upregulation of macrophagze ABCG ] and ABCAT by LXR
dgonisis may consttoe an effective  pharmacological
appreach o attenuate Fosm cell formtion, amd thereby o
prevent arterial lipid accumwmlation and lesion progression
in dyslipidemic patients

Coltee and green lew wre g major source of polyphenols
(2310, a growp of compounds thal has receved substantial
interest in recedt years. The ferm polyphenol mepresents
o owide vanety of compounds derived frome plants. and
polyphenols are presenl in many components of the human
dist (2327

Polyphenol-rich  foods
assnciared with decressed risk of candinvascular disease in

have previowsly  heen
mulriple studies {2330, Interestingly, cerfain palyphenals,
such as resveratrol and anthocyaning (barh found in red
wine among offier sources), have been shown o increase
maerophage cholesterol effios ar vive (234-2360),
Lo-Komda e af, describe o carelul senes of
experimenis Ut tested the hypotbesis that polyphenols
found mocelfee or green lea may proeuss macioephage
cholesteral elffex (2371, The authors [ocused thenr study
i calfer and lerulic acids, phenoles acids (a subelass
el pulyphenols) known to be present o coffee and grecn
fea and increased in plasma by enffee consumption
(2381, Impomantly, hofh componnds increased . HIDL-
mediated cholestennl efflux i viso in w dose-dependent
fishinn vis enhanced expression of the ABCGT fand SH-
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Polyphenols

Macrophage

Figure 5. Fostulaled mechaniams for eflects of pobyphenols cn macrophages chofesteral efflue
{Feproduced wailth parmission from Burke ME, Khera AN, Bader DU, Polyphencls and cholesterol
afflux. Circ Res 2080; 106: G27-%, @ Amencan Hean Associaton L
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Bl transporters, Ferulic wcikl, but not coffes itself, was
additionally shown to modestly enhince macrophsze RCT
inviie in mice

Uio-konda er of. provide a0 usefnl methodologic
framework farswdies that explore the associstion herween
variows compaunds and cholesierol etfux, Their work
addds o g growing body of evidence that suggests arole for
polyphenals in cellular cholestesal efflus. If confirmed, this
concepital approsch to enhancement of macrophage RCT
fux could prove valusble in the prevention and treatment
of cardiovascolar disease in humaens {230),

Conclusion

HDL bus many other sctivibies aside from its role i KCT
that can also contnbuote to its proteetive mechamsm. These
inchiede the removal or detoxification of oxidized sterols
and phospholipids, anti-inflammatory activity, antioxidant
activity, anfithrombodic activity, and it protective and
healing activities on endothelial cells,

Woteomic danalysis indicate thal HDL caries &
popelation of prateins that function in Hpid metdbolism,
prateinase inhibition, complement actvation, and 1he
aoute-phese response. Ruarang the possibility that these
proteins contribute o the moome mmune syslem und the
cardispritective properties of HOL.
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Syntheric (HIM ik
:aplﬂipn]':rmr-ain {fapo) A-l mimetic pﬂpr]dnﬁ e bite many

high-density  lipoprotein

ot the athcroprotective hiolngical functions armibuted o
HIM. #nd cen modity stherosclerotic discase proceyses,
Admimstration of these agents as HIL replacement or
ppdilving therupy bas ememlous potentil of providing
teevye Weatments for cardiovascular disease,

W will ultimaotely deternmnme how o ke optiogal
advanmtage ol the potent cardiovascular protective properties
ul HDL for propliviactic and therapeatic bemelin
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