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Epidemiologic, postmortem, and angiographic studies have firmly established a causal
relationship between elevated serum cholesterol levels and the genesis of atherosclerosis (Levine
et al., Cholesterol Reduction In Cardiovascular Disease, N Eng J Med 332(8):512-521 (1995)).
Although there is no single level of plasma cholesterol that identifies those at risk, in general, the
higher the level, the higher the risk. However, the risk rises significantly with cholesterol levels
above 200 mg/dl (Robbins Pathologic Basis of Disease, supra, at 559). Levels of total
cholesterol are typically classified as being desirable (<200 mg/dl), borderline high (200-239
mg/d]), or high (=240 mg/dl). Dietary treatment is usually recommended for patients with high
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in atherogenesis, RCT is considered a key anti-atherogenic process and is generally believed to

be the explanation for anti-atherogenic properties and clinical correlation with reduced
cardiovascular risk of the high density lipoprotein (HDL) fraction of plasma.
However, HDL levels are now recognized to reflect only one component of the molecular

pathway of RCT (Figure 1), and do not necessarily reflect the true flow of cholesterol through
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of time (i.e., a timed procedure must be performed), because all rates include time in the
denominator (e.g., mg/min for biochemical rates, analogous to miles/hour for physical rates of

motion). Typically, for biochemical kinetics, the molecule of interest or a precursor to it is
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lipoprotein (HDL) particles, isotopically labeled cholesterol molecules, or isotopically labeled

cholesterol precursors are administered to the living system for a period of time sufficient for the
label to be incorporated in plasma HDL. One or more isotopically labeled cholesterol molecules
are obtained from plasma HDL. The isotopic content, isotopic pattern, rate of change of isotopic
content, or isotopic pattern of the cholesterol molecules is then measured. The rate of dilution of
the isolated labeled cholesterol molecules by endogenous unlabeled cholesterol is then calculated

to determine the rate of the first arm of reverse cholesterol transport in the living system.
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drug aggﬁtsgbﬂ the T k?or ath re%scle?cl)sgse Il?gel:n%%ﬂ tge met oﬁ 1nvolves administering the
drug agent to a subject, comparing the rate of reverse cholesterol transport in the subject before
and after administration of the drug agents or in comparison to matched subject who have not
received the drug agents, and calculating the difference in the rate of reverse cholesterol
transport before and after administration of the drug agent. The drug agent may be a known

pharmaceutical agent or a known deoxyribonucleic acid molecule that affects atherosclerosis.
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literature, for example, in Cell Biology: A Laboratory Notebook (J.E. Cellis, ed., 1998); Current
Protocols in Molecular Biology (F.M. Ausubel et al., eds, 1987); Short Protocols in Molecular
Biology (Wiley and Sons, 1999); Mass Isotopomer Distribution Analysis: A Technique for
Measuring Biosynthesis and Turnover of Polymers (Hellerstein et al., Am J Physiol 263
(Endocrinol Metab 26):E988-E1001 (1992)); and Mass Isotopomer Distribution Analysis at
Eight Years: Theoretical, Analytic, and Experimental Considerations (Hellerstein et al., Am J
Physiol 276 (Endocrinol Metab 39):E1146-1170 (1999)). Furthermore, procedures employing
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prlmatek/,bfhﬂﬂi) ardmhls 598 8nilndaly) Tor(ek HARlE keats andldddsssnd 1edatuhaiihals, for
stributi alysis at Eight Years: Theoretical,
examplﬂﬁﬁ?eyfﬁt% an‘glﬂﬂn%?per i ment al Consi derations (Hellerstein
et al., AmJ Physiol 276 (Endocrinol Metab
8Rdiopd hB&led dubBtrtddR3utes iﬁcﬂ eMBbded ReQGsSHhdScule that is able to
enpl oyi ng 6 WD 2004/ 02527 / US2003/ 029361
be inco igtoa ngleglapf irest as&la‘gﬂn& pYsteny nigr Al gfetizotofe Ipbeled
substrafey Hicﬁﬁl: lﬁﬁt B% nH?fﬁ%t@(ﬁ&o zﬁ}d] 9H§(9 gaélﬁ‘éosg tZﬁr ﬁﬁeledjgljﬂne %glds ’H-
protocol s unless ot hefw sé not I’'ni'tions
labeled"okganicrmgoleayest EaYlabadechergatic toteillas, A1 labeleil nggaewtmcblycules ’COy,

MCOLoFﬁ%ﬁ?gﬂ@£§§§ﬁBF§§ﬁ§%&ik§§§|shgsfgsludgrgﬁg aﬁrﬂal

preferably a vertebrate, nore preferably a nanmal
ﬁ’mstopﬂbgfee’f sdfidrito ésotupiteliomdxg@rpbemoletulappreibsthaticive dientical

comen SRR oL R L PR, poL e £l AELIELB LT, ot

in the cR%APE Lil?od@) Cﬁoto‘f')@béues ARCIFABR B their oA paP SorhflBTtherefore each
substrate” includes any isotope-|abeled precursor

isotopojagie basl anidngtexpel mask BUfreay 198 haveeompgiest@ata AN otopologue is
usually'?8 ?ﬁé@d% ag+1ﬂ§ &f ﬁétggfc Rsofhnerd q{nc ug-bé?st) mch%ﬂmaﬁtﬁ e Rfcation of

I Ssotope trates but are n
the isotbpasioheakk molecdeie., GHATID2:iHd §1H: D08 R, ar@ e satbe isothpalvgnobut are

differen%cl:sio?osf)’om%rl_ss.

“Isotopic content” refers to the content of isotopes in a molecule or population of
molecules relative to the content in the molecule or population of molecules naturally (i.e., prior
to administration or contacting of isotope labeled precursor molecules). The term “isotope

enrichment” is used interchangeably with isotopic content herein.

“Isotopic pattern” refers to the internal relationships of isotopic labels within a molecule
or population of molecules, e.g., the relative proportions of molecular species with different

isotopic content, the relative proportions of molecules with isotopic labels in different chemical



| abel ed organi c nol ecul es, 13C- | abel ed organic

nol ecul es, 14C-| abel ed organi c nol ecul es, 13C02,
wQ2@D025216N- | abel ed organi ¢ nol ecul es and 15NHBCT/US2003/029361

"1 sot opol ogues” refer to isotopic honol ogues or

nol ecul ar speci es that have identical elenental and

chenical conpositions but differ in isotopic content

loci wﬂlpg &ed‘ﬁglcggfﬁéguﬁ\l@, %reqtﬁl élape{g?,s c{ Elzq i?lé?@%)%t{ﬁ?& rathc)r than absolute

content 6LERBFdsth AR mdlbwM£f ore each isotopol ogue has a uni que
exact nmass but may not have a unique structure. An
Jsotopologue is wusually conprised of a fanmly

Eg@ftdmse Teishiormasg calewlaisd b sammipg thp cxact passepf fﬁh@e isotopes
nol ecul e (e.g.,
Hrmeﬁ%ég% %%5hé%%H£§g?gpfﬁgeggﬁgﬁpsotopglogge gut are

dlfferent i sot oponers). "lsotopic content” refers to
‘Wenipalmassit refefrs fogbe st inasseobitadhesichyl reuadingythe gkadt imess effa
1 nmol ecul es relative to the content in the nol ecul e or
moleculg :
populatlon of nol ecules naturally (i.e., prior to
adm ni stration or contacting of isotope |abeled
‘Mess lilﬂO:ImlOmnﬁ’l referd tofImilF hEisbopicisansnd bpeis ganuped tmmatb'asis of
ter%han eabl yv.wi th satopi ¢ cont ent her e X!
nominal, rfl%s&rag efré é?‘} OIP%?%[}@ t%mlaﬁselsc? ﬁqo&uﬂ dnay comprise Hlolbcules of

different ﬁbt@FicQﬁﬁlbbdiﬁmﬁfuﬂlﬁ(@ fafl @sofoﬂowgeé (se M CHiNHB, FobHgNHL, CHAINH,
ation of nolecul es, e, he reIaS|ve

are part Bf @ﬁém? BHES ITIORAIIE S 2F dsfﬁ%%nté?tm%%u f frepReFgtional terms, a

mass 1sdt n?e‘?'lsca GBI %msothlaﬁ)gﬁ@ Bht ¥En R ORR el bYAIARE spectrometer, For
ecules wih isotopic labels in diffefent chemcal 7

quadrupcola 1280 4pBRERTOIsPHIY tysRAbBMe2B 3B maspisptoppmbris are families of
1sotopoln§|t1 (fllilat Hare %}ﬁgr% { Bass? Fl“hfﬂ hﬁae 1s§t8ﬁc$8%1fes %1&-! ?\IE% a}lﬁltﬁéﬁﬁb differ

Fernra an ab ut'e topes-in
in nomlhd’l@na’sm heait distifigniched anbedsng diffefendt MmagsdsoroEangs |bauﬂhaﬁsmbpologues

xac S of all the isoto in
CHNH%@%W LRG3 B @E"Zé regll of g RS PHEA e Rgpyence are
the same M&% B&tbpdRs s "EdcBidss 1sb€bpbﬁ‘1@r isThepaIBte tYFieAl R 08&LbMore than
round |ng t he exact mass of nol ecul e. "Nass

one isotppelegnscne has meredhan qug eﬁcm’fmays ofhg ggingppr betyeerisatopelggues and
mass 1s$t§%c?ﬁeqyﬁ%gef8ﬂn§)pa}%h@@§éc u&fall 1H&U]dﬂ§ll 1sd§§§tﬁ r%l@& Q{%rno{ Re@(nved

opl C conpo mass 1 sot opo nprise
using quadhgold mass s;ﬁectrdmétfesrmdhnaysm b@resol&edmalwmg m$ss sm:lcirda(tﬁeters

that profkey T P R s P OO P oS PP BB et Tust be
performed 6h GRAULALHAAS: of hihsOREI0PEh R Mthdr@hdiBisotdpologues. The mass
isotopomer lowest in mass is represented as Mo; for most organic molecules, this is the species
containing all 12¢, 1y, %0, N, etc. Other mass isotopomers are distinguished by their mass
differences from My (M1, M2, etc.). For a given mass isotopomer, the location or position of
isotopes within the molecule is not specified and may vary (i.e., "positional isotopomers" are not

distinguished).

"Mass isotopomer envelope" refers to the set of mass isotopomers comprising the family

associated with each molecule or ion fragment monitored.



mass i sotoponer is a famly of isotopol ogues that are

not resolved by a nass spectroneter. For quadrupole
wore@sg/ospect roneters, this typically neans thatPeEES2003/029361

i sotoponers are famlies of isotopologues that share

a nom nal mass. Thus, the isotopol ogues CH3NH2 and

CH3NHD differ in nomnal mass and are distingui shed

as being different mass i sotoponers, but the

| Mast obiomge Batteay iR, to elpiingpm of feahndapcesph fhe mass

isotoporfrétS LPNERIRLR. &rddit¥nali ShSHIRTR Preith e MBS @RrMRRE Sbundances
are the sane nass |sotoponers. Each mass |sotoponer

where ail of the@bedidanesstayguicrmblized do Hpbstitie ofostabuadanhsnass isptepomer; the

i spt opol oqgue .and ) 5 e 4.han one, gxa nmass... The .
most bR RPN L0 L % B R TR A T R Suiol Frvlving
probability @h£IPSERGSh 4sSnass &otdpoindr dis@ibhiicieadBERUNIDAN, however, is

i ndi vi dual_ i sot opol ogueﬁ%gr e. not resolved usi

. n
proportigy griraqitonal abgadmes, sberedhetrastiondbat crelSPREES Wéltl}t@gﬁtv g total
abundarfe¥ sk The {THn sis%g@ SRR RLPbe 1RALyRNORABESy Wil RRS term “mass

_ mass resolution, s hat cal'cul ations frommass
isotoporggrqettemyiet ri ¢ data nust be performed on the
abundances of nass isotoponers rather than
d X Sxadt B Inol MBS Lnebids TP Sorltains all
PIARLEENEE, flS S RSO I YR e T e
'H, "C,t'he 'pets,er. Fooisbmpnloggesalompd®a, of THEL 80 O, P48, F, &flcBr, and I, the

. . Qther .mass. | sot pponer s i stinguished b hei r..mass
isotopic o PPy BT S RERPRBETIT fis o et HAsk BafyS fpd Biipgions
becauseltbOmOfABBidant B&opBGAtHS clOmed aieldl@thefowebiSAnRERESThe
.within the nolecule is not specified and may vary . .

monoisqtppig mass E@g‘prleyléwg ps Mg Igl%ﬁfgqlsges of otheg giass isotopomers are identified
by their $ha3t HFBHS O Im mO\BAShSaLgponmer envel ope” refers to

the set of nmss 1sotoponers conprising the famly

associ ated with each nol ecul e or ion fragnent

Henprierlbcpertgrbedy’ iwaionhe st ober Flgszond oot that eyl from the
explicit 'ngc% AR of Q?'élteﬁxreﬁ]t or 'h?d‘lgcﬁ?e it dﬂ'trﬁ}uggﬁ gfri]sﬁtt)}ééshtﬁat differs from
abu t a nol ecul e.

ances O € MassS | sotoponers o
the distrTuaid thad isarhbsy corhinenlyddtrelrin nhiirey mésthiet £datarsllp dass emtndant isotope

oo S ARSI i oancanees o

i sot oponer; the nobst abundant isotoponer is said to
Bret 3986 mdleeulPrrefeay to ek hewbolfcqireapgirs el idovisy polymbnid si@thesis

probability analysis, such as Ss. i sotopoger . ..
of specifip giofedy _1§ﬁaraﬂsiv Jarourf mfécuﬁgmw,acqt_ G5 spprdlsic acids,
deoxyriBénukleRCoci AN#hing ALAS 3NkBse, WEEIGcihBe fraction that each

species contributes to the tofal abundance is used.

The term "jsotope pattern” may be used synonynousl

viabgled peatert as yred hersi refersde spéirdhat gaiteigp jfotopes. Examples of

labeled water include 2H,0, *°H,0, and H,'®0. As used herein, the term “isotopically labeled

water” is used interchangeably with “labeled water.”

“Molecular flux rates” refers to the rate of synthesis and/or breakdown of molecules
within a cell, tissue, or organism. “Molecular flux rates” also refers to a molecule’s input into or
removal from a pool of molecules, and is therefore synonymous with the flow into and out of

said pool of molecules.



"Monoi sotopi ¢ mass" refers to the exact mass of the

nol ecul ar species that contains all 1H, 12C, 14N,
waem4/03238) etc. For isotopol ogues conposed of BUT/HS2008/029361

0O, P, S F,L d, Br, and I, the isotopic conposition

of the isotopologue with the | owest mass i s unique and

unanbi guous because the nost abundant isotopes of

t hese el | owes The

“Driggsis ot i ﬁ%@gﬁ i bﬂ?‘g ; Wbang%‘g’ TREHasses

interchaffeablyneld r8Rs & dh%ﬁﬁc@D&iﬁﬁééSoraﬁ@logidEFHgbﬁﬂs elg., %&ﬁets&ﬁieﬁces poly or
mass di fferences from nD ot opi cal

) . y
monoclcp?@} wiibedigs, ayiokines, hognenss, é(t hwh da‘FefH]rPfé’lOéeﬁBﬁly usetul therapeutic
|
wions JPHSEHE DUBLS SR LT NG gL Bl QSRR o
consideied dorope 8s thespedtid dgents irf nmmns vhanithabt Mrbgtgents ihélade, bat are not

e 5y SRR At S B 1T oSV gon o
The MeRk Iidex @2 ULS: ipubKA6Hh, eV EitbhouseRyt il A, SN L fidboratdi R &in by
to the nmetabglic precursors used durln pol yneric

reference yiithegirety- BKH%%@W*"@%% fe@gengs or @eaml guitisp that have been
approve@ r’f@ﬁtﬁé@ﬁéutl%%@%ﬁgcs ih Rl Se1ﬁ§s%¥he GRfed Sthgonucl ei c
ds, " deoxyribonucleic acids, amno acids, glucose,
nd gl ycine, "Labeled water" as used herein refers to

RatepletHa pf Bbmesd] 1§ sndeniomny geadeculs, inpbiding byt nof lipitgdeta,
t i r
cholestem %oé%s%%l?%ﬁy%ﬁ%%& 1? E@@ég Pg(aﬁ%éﬁ*?atwés aglﬁﬁ)gacgﬁ cealrlgbhydrates
fatty acids tpeptodea, aygars) Npids, ntmlé‘xb adiéd, (pdlynmleo‘udés "diimbsamihagl ydahnsix
refer 0 the n
potypenfifsh el Bapafeatienb e B iR Biteof D fa e system.
organism "Ml ecular flux rates" also refers to a
Anfrdividiad’ is b paitebirate, preferablyermammal, it prefidatly #human. The

.. ol ecul es, i s therefore synonynpus with the flow
term “sybjef; laﬁaeddmﬁ@ﬁngeg‘alw@o dighialhem os. o O
2004/ 025270 PCT/ U82003/ 029361 "Drug agent, "

APbRIdBEHoleeale” 2@ to anyafisleculh o miBleOl] & yfhksiALian b tissue or
are used i nterchan eably and refer to chemni cal

individught 4 pjolegienl ntﬁYdP%g‘i‘)@éﬂasé gemplscyles, guch aseht noblmitediosthe set of
Y
total celﬁﬂéﬂfar@céms 'g%g@@ CI?@A ﬁgg%ﬂeaﬁ?ﬂlleg I§)II§/& u%g%&:}b%? N éggﬁ?&gmal RNA.
Alternata@ﬂy, Eom:.logml madéculys oaly bp sprdseslctiat wihneceshudset fatures or
sequenc]@fp @ucg'lsaes sgem{%grogebrg {OI‘ gx%{ 5])2 nﬂ% flﬁosqliﬁ ﬁ)élg gr FClgﬁ Pﬂﬁrpggeotlde
sequencE¥ (for &@miples aipdhukdentidb ehcoding apolipopréteiny.ed to, any
chem cal conpound or corrp03| tion disclosed in, for

Es uan herelr} QS 1nd3 Vlgua'lz'dat ns]% is an individual who is considered more likely to
develop a disease state or a physiological state than an individual who is not at risk. An
individual “at risk” may or may not have detectable symptoms indicative of the disease or
physiological condition, and may or may not have displayed detectable disease prior to the
treatment methods (e.g., therapeutic intervention) described herein. “At risk” denotes that an
individual has one or more so-called risk factors. An individual having one or more of these risk
factors has a higher probability of developing one or more disease(s) or physiological

condition(s) than an individual without these risk factor(s). These risk factors can include, but
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The Merck Index (a U. S. publication, Witehouse
Station, N J., USA), incorporated herein by reference
WO poosss2emt i rety. "Known drugs” refers to agenpGI/082003/029361
chem cal entities that have been approved for
therapeutic use as drugs in human beings in the United
States. By "nolecule of interest” is neant any
l.udi .mted to chol est.erol ,
are ot 1RlsAa o b epis d5tfaniiR oicor e et rected
conditiofkg b YAhdIYESs, hafdr Of prelidas discakd) @By, dedtrete, diet, pidstncdGF fiecursor
peptides, sugars, |Ipids, nuclelic acids,
disease, E%ﬂe}}lﬁ (ed: é@rqd@é@) cesiderdians, AR Py aREentaheNPPBEBt | des, or
proteins that are present within a nmetabolic pathmay
%ﬁﬂhﬂg”%fefs\‘tb ‘i‘ﬁbﬂ%ﬁ% to?f@mo’%‘ﬁlg onB 4t Mot mpdngnt8 of a mixture of other
vertebrate, preferably a mammal, nore preferably a
similar dqumundsTﬁer exampie, “Bmﬁfp/@gta pr¢tsmu>s edptidst’ eefeisde tpmenying a protein
or pep’uciNI f%og} gn n(grl n\é%rde p?otFms 8{ %epgcrles rlr% 21!&18{&6%1:@%’&6}% of ?%&ﬁf r'l a
ti ssue or |nd|V|duaI. A bi ol ogi cal may refer to a
“rtslomia;rg’éfefm Itcemphleﬁng snﬁ(mnmsuncbﬁmmmcniﬂturﬂbf expgounds Fer

cxamples ol i i Ebap S e BB PR Ge P O mgRReptid from
all otherdrdteine 3t Ibepﬁklys mral r@lb(ﬁ@d: 6fdne P hResh@seineyt peptidepeci fi
nol ecul es with specific structural features or
seguence gh as specific |ns or exa
A P IogEaT BN engemapsis eny B Gt o B Bidual. The
definitiohfeBEorpaaER bfoodand SthNIGE Qatnrpiss @mﬁ&dgleﬂ origin, that are accessible
apol i poprotein). As used herein, an i ndi vi dual "at -
from an mds\radual rayeh ssapling brminimelly S1vag e prRandEvaRbeeapPioRgley (-2
r L
wrine cofihiofl M Aa 1oy SRR S BoF 11 o DRy B0 i el s
discomfBmbr effek). Bielpgioal samplen utclddavzanpi% that lzdyk ée@ymmipﬂi&tsd in any
i ndicative of t sea si ol ogi.cal .conditi
way atid it ntfingie St ps BE RV a8, TSRS RE sttetont or
certain dafipBhierttd) stidhens préteiat BEpHlyrielebadtS. Cﬂﬂe €orm “bis d@@eﬂ Wirhgsle” also
i ntervention) descrlbe ereln ri sk" denotes that
encompgsfies 3 Gigicp] samnAle Fiel ap pREUB PlABRZ oghﬁr E@iqg@el fnidyortissiespmples,
and also"\%lﬁ&g le H'}léjiﬂ%lul \ eﬂ%ugé}ﬁagﬁ{ts S &enn@ satddese risk
factors has a ability ot devel opi ng one or

mor e di sease(s &'or physi ol ogi cal  condition(s) than an
‘Bidpgicel fbid inelndesbut isewelimitedtofimeoblped, intfisaEa fluids kdema

v 8B, 5k MR s e

infected ffhid, Icyrelmsﬂnaatlsﬂrxﬂa\swiemmuiQOnmre saretinns &pdive®asasnal fluid, feces,
con hol ogi es, history of

bﬂe“mﬁpegﬁgﬁgﬂﬁF§§é§|?%5% 1°§@wd race, diet, presence of

precursor disease, genetic (i.e., hereditary)
consi der Nféthods For Meaiiitic Risvel e Chblestsidd Feingport

The present invention provides methods for determining reverse cholesterol transport
(RCT) in vivo by measuring the flow of unlabeled cholesterol from tissues into the bloodstream

and/or from plasma HDL to bile acids, instead of the flow of labeled cholesterol.
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"Purifying" refers to nmethods of renoving one or nore

conponents of a mxture of other simlar conpounds.
wao-or4mx2npl e, "purifying a protein or peptide"PCEUR2083/029361

to renoving a protein or peptide fromone or nore

pr ot ei ns or peptides in a mxture of proteins or

peptides. "lsolating"” refers to separating one

COo oun roma.n xtur For
IR DRDR R AV sRaT itetedlo SRR IS s € e SRR pfpverse
cholestefN Ba%p6it b/ 'a@mﬁﬁﬁé&lgrbrﬁror Prii‘)@é isé‘t@pfoﬁl@fﬂabakzﬁ 1s@fdb&fally labeled high
proteins or_ peptides ure of one or

density lmomoé@m, §1BE) B@rﬁp],eﬂégotomcallyﬂq}qe@é,c@gﬁestg%o@cules or 1sotoplca11y
labeled &Bfé:l ct ggf:ﬁ%ﬁrs?lﬁ% a g@?{gﬁyg%.ahpf&cgﬁ@g%@ctt %n% ?l’%elﬁ invention is

t1on enconpasses
directed ¢d deerntinigg it rs@mp ttesseodndiimlod giverse cmlbgcml tram‘»aort Iay determining

the rate ﬁlctﬁ?e ﬁyé bl v f;,llgégm naglfnrllﬁ%)tﬁﬂr%ﬁ@}gsc}rrgréo?u Btogla ?Igg é]le acids to
detenmﬂéfth@iﬁol’é@lhlhleﬁﬁ)t ke oflth@eshvels@Wiol glasfe eﬁmestaapuorbalblaaa (second
and ot her procedures_inval ving m ni

arm of RfyIgc dhe giethog asraenstally caped fe}g.%anarfé%r%‘i!av 5% ?Cﬁ% PEriesably humans.
Mammafsalﬂﬂhcfesbﬁ% nblAUEidAGE rbrﬂﬁd't’ésgfélrﬁtaﬁﬂndlﬁ BOY aniMR)s, Bétd &lch as cats

heir procurenent, such y treatnent with reagents,
anddogsghmmplgz,aabtummme awkiashnment for certain conponents,
such as proteins or polynucleotides. The term

L Deterzézgtkpg APRGA of WG 4o g]ﬁeve?.s@(@gp ?e?‘(?lsfram‘goh% ?l?éfl[ivizz%System

SucK as serum asna bi ol 0gi ca

]@Eﬂ’ﬂ% lﬁsﬁ)g&eth%§ o? fre fir@ M Bk RQedsl %(#i?ﬁffoft?%ds otk fhay be determined

cel'lT " supernatant’s And
ina 11v1ng3iy®ﬂemg iCreel or fnhane diotapivally thbsled lsbtdpssaﬁpilablelerhhi ghctengity lipoprotein
i.tial

ST T T EIR TN Y Y A

precurso%meuaﬁimsfté&a tb the ll)i$ﬁ1%%?sterﬁ &r&moa lof ﬁhﬁ%ﬁfﬁcidﬂf e tiedabel to be
| uid, cerebrospinal

incorporisd ieplegns Hp [Onmyr mese iRy lﬁbaledﬁb%légtem}/@ﬂeéules are
obtameci\gérﬁgi S % ﬁ]ﬁ/b'i"ﬁé isgﬂagrc g{l/tgl?[tégg{%ﬁ@&h%' H#d off clhhl,tll% of 1sotoplc

asurin ol'estefol Transpor
content, Bin esop;pi};smttbrm crf\tbmcthodmteml amlmks neethbo tsasuprd. dEhegfatnpﬁdlhglon of

v o R s R R b s Bp on ceer

to deterfnin® SSGtel oTHIR: fiRLark] GaEEdrichBlestaidll rafispbitaiithell Badpesysith.
to bile acids, instead of the flow of | abel ed

ahluBskerint isolobi My 2881l 0Z5H2ERs i T oA e '\3HDZ,9§¢§*lzcleb n

one asEvect the invention_ is directed to determ ning
isviepiealbdabgied slwlasterahmelpauies orrigajerisdhHbled elgiegterol precursors
transport by adm nistering one or nore isotopically

Isetppically lpbﬂ@fbbngb sepsjty|lippipistn (TR Pagiicles isptopicabip }abtﬂeql n
choleste%_'%c)lecia t6rclgcﬁ§%1c51§'qgl9£%cfc%ue¥te}0?B{?elcﬁgo&Q:Qlll 6e Ecﬁflﬁistered toa

living system by various methods 1nclud1ng, but not limited to, orally, parenterally,

subcutaneously, intravenously, and intraperitoneally.

Isotopically labeled HDL particles are typically formed ex vivo (outside of the subject)
for example by incubating apolipoproteinAl with egg phosphatidylcholiné, free 2Hg-cholesterol,
and cholic acid in the ratio of 1:80:8:80. Other suitable ranges can be determined by trial and
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| abel ed chol esterol precursors to a living system In
a second aspect, the present invention is directed to
waledoeni2md ng the rate of the second arm of revRCBHES2003/029361
chol esterol transport by determning the rate of the
first armof RCT, and adm ni stering one or nore
i sotopically Iabeled bile acids to deternine t he
.ol ecul ar fI rate of the conv AT
error usigR prege great 1t Rpotsh ke F YYD Plartie B h‘l&%ﬁ* t unge
expenm@iﬁﬁtmﬁd $n RpRAGRIANH Im &R pleshOfdctibi of Purifddi cARyme containing
j ects eferably humans. Manmal s i nclude, but are
lecithin- ﬁhﬁleSqu%qCBﬁﬁir@feTiﬁelaﬁﬁYl%as Weélr%sswm?éb@nméﬂ 6#%Y ani mal s,
[
phosphaSSuctiief ey £RkA, 1B fB0Rmalil 1O e fics SRS cid by such
techniquls 13 sife Relusiva ehfﬁhmltc@a;ény@hd Tiadysspospectively.hdn Lgﬁmrdgthe

rcons AL RS RESEFE b4 h Buf Al aBlpb el R B0 o
labeled HDY pagtickd & O aﬁk@el@kndﬁﬁf By b1i5ah Bpradill etbdmhiab®bly those skilled in
isotopically | abel ed high density |ipoprotein (HDL)
the art. particles, isotopically |abeled chol esterol nDIecuIes
or isotopically |abeled cholesterol precursors ar
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humans. Mammals include, but are not limited to, primates, farm animals, sport animals, mice,

and rats.

The isotopically labeled HDL particles, isotopically labeled cholesterol, or isotopically
labeled precursors are generally administered in a suitable carrier at a predetermined volume and

isotope concentration (to yield a certain specific activity). Suitable carriers include saline

13



error using procedures well known to those of ordinary
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The cholesterol may also be derivatized. For example, the cholesterol may be derivatized

to its TMS derivative prior to detection.
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Mass spectrometers convert molecules into rapidly moving gaseous ions and separate
them on the basis of their mass-to-charge ratios. The distributions of isotopes or isotopologues
of ions, or ion fragments, may thus be used to measure the isotopic enrichment in a plurality of

molecules.

Generally, mass spectrometers include an ionization means and a mass analyzer. A
number of different types of mass analyzers are known in the art. These include, but are not
limited to, magnetic sector analyzers, electrospray ionization, quadrupoles, ion traps, time of

flight mass analyzers, and Fourier transform analyzers.
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chromatography (GC) and high performance liquid chromatography (HPLC). In gas-
chromatography mass-spectrometry (GC/MS), capillary columns from a gas chromatograph are
coupled directly to the mass spectrometer, optionally using a jet separator. In such an
application, the gas chromatography (GC) column separates sample components from the sample
gas mixture and the separated components are ionized and chemically analyzed in the mass

spectrometer.
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equations are known in the art and are described, for example, by Hellerstein et al. (1992), supra.
The rate of dilution is then used to determine the molecular flux rate of tissue cholesterol into

HDL, which corresponds to the first arm of RCT.

The rate of dilution of plasma cholesterol may be determined directly by subtracting the

rate of infusion of unlabeled cholesterol from the rate of infusion of labeled cholesterol.

InfusionRate(labeledCholesterol)
Enrichment(LabeledCholesterol)

DilutionRate =

— InfusionRate(LabeledCholesterol)
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deoxycholic acid, and lithocholic acid. The preferred labeled bile acids are cholic acid and

chenodeoxycholic acid. Isotopes that may be used for labeling the bile acids include, but are not
limited to, 2H, 3H, 13C, 14C, or 120.

The bile acids that are administered are labeled with an different isotope label from the
isotope label used to label the HDL, cholesterol, or cholesterol precursor. Alternatively, the bile
acids are labeled with the same isotope as the HDL, cholesterol, or cholesterol precursor but the

bile acids are labeled in a manner that is distinguishable from the manner used to label the

18



subj ect and anal yzed for isotoponer frequency. D.
Calculating the Rate of Dilution of Isotopically

wa awelozxt7Chol est erol Mol ecul es  The i sot opi ¢ CcPOIL/ER1003/029361
i sotopic pattern, rate of change of isotopic content,
or isotopic pattern of the isotopically |abeled
chol esterol nolecules after admnistration is conpared

tQ t topic c ntent, isotop ttern, rate
choletetf g iP1eFHLEROIE (s A SO Rae R i BB g ot
distinguisBH1© fiatinéd \yella{zﬁhﬂdtmelsﬁata@rnqhemj ecul es of the HDL
particles or chol esterol precursors prior to

P ThobSitAIB hidled Bl CRidE At R aliRnistblet sindta@bodsBOGHIE Gr

chol esterol by unl abel ed chol esterol. Dl ution

separatelspfien 1B isotapicaklsidahsled Al lnpartiples, Avpioragadly debslad dhelgsteropyor
1sotoplc§l§i1g941$d (&R)}fesfé%l ﬁ)%c%tr g(;nﬂtljes fgé) 0{)1%&1%%?1%(‘? Hl‘zé ?rﬁc(les 2F0Sdministered
in a suitaldt exrriboat afpredetarmired obhumessd ésotdpelcostentration (b yieldl-ﬂertain

specific 8Ftllvd€? 0 uli??i% %gtg%ﬁ%)gh%lp g%l{nlg rﬁgtutlﬁ)éa}lglé/c% gmjﬁtilﬁjltgg ang 1n?ra11p1ds.

Isotope brce@tatidn Bypicaliptvaried dependitiEon theparpake, et Usb&g Biven as a bolus or
unl abel ed chol esterol fromthe rate of infusio

as mainieRHKE admppyratien-c Like the lppglesd HBEmarticles, labeled cholesterolf or labeled
cholesteHI fp%h&@gaﬁlﬁf 1|s§tgﬁﬂc§l Qc%lgcﬁﬂlﬁiref&}cgs are administered for a duration of time
usi onRat e( Label e ol estero
sufﬁCIeIEm pahievesteptnblieted dGivnindt molstyles afintg®sR004/ 025270
PCT/ US2003/ 029361 I1. Determ ning the nol ecular flux
Tlat eglmoriistrateonsd dabetbddilmacifls toeubjeste matydieestlbr alby paritoneal routes,

c.g. intigt AERROTFust il o BGpeolan iR Bl "Lar??r?é‘%’apgsff’@?% o he

ate of verse chal ster
TR esid oy e StnaR ARl T cri s FaHE bEerp qate of change
of isotoSi€ eeMiehtadrThRfof chaige b BofopRlpatémy Bl ARSRAS as described for
Determ ning the Rate of the First Arm of RCT To
cholestegal; ®oMFne the rate of the second arm of RCT, the rate
of the first armof RCT is determ ned as descri bed

RA®MRIed Ul aEﬁt1§ad}ﬁ1n§s|ﬂ§e@1ﬁ(b9ﬁbqn&fdﬁ‘ with 16464 BBL to the subject,
cholesterol transport is also determ ned as descri bed

labeled ghsilesigrolgis olsewehitomahe hije @ids in thaielegicalsatipldal teghniques well
known %%Feér? dA?&és@n&Qi' l% eng][ﬁ fg{)to rlgoel ﬁféﬁl‘g ?élﬁﬁiggtéséﬁé ?@%c?(ﬂ 1sa

acids are a Fere
dlstmgumhaiﬂefromﬂqﬁmfehﬁachﬁlmstetddd{mhnner in which the | abel of
the isotopically | abeled HDL particle,

D. Measuring the isotopic content, isotopic pattern, rate of change of isotopic content, or

isotopic pattern of isotopically labeled Bile Acids

Isotopic enrichment of the isolated bile acids is then determined from both the
administered HDL particles and the administered bile acids, and compared to the isotopic content
of the HDL particles and bile acids prior to administration. The contribution from HDL
cholesterol to bile acids and the dilution (total flux) of bile acids to labeled cholesterol in bile by
unlabeled cholesterol is calculated. In this manner, the rate of the second arm of RCT (HDLc to

bile acids; Figure 1) can be calculated.
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i sotopically |abeled cholesterol, or isotopically
| abel ed chol esterol precursor nolecule are

wa@cdiniserer ed. Alternatively, the isotopicall yP¢HDE1008029361
bil e acids have a different isotope |label than the
isotopically | abeled HDL particle, isotopically
| abel ed chol esterol, or isotopically |abeled

chol ester recursor. On r i SOt opi ca

bl ba bieBErHE e A RO G S oo ahdances

system and the isotopic content, isotopic pattern,

Meberal masks apgtrabpeak Seighp] or atternagndly, the areass@idepihe peaks, may be

ttern of the bile acid is, neasyred. The_nol ecul ar

expresspy g5 Fa ok 1AV BH! [ROPRTEN(7HTR TFSSPaP DEICIOHIST LB atreqiged that any
calculatitinl ifead§ WHRhiptoidd felthiat @Rl Ao RES RiluBs 6 thd Bourndhfce® bf isotopomers
_ second arm of reverse chol esterol transport in the
in a sampjlempyybeyssd dmtleseriing Sychdistag forithg prypesseof B praséntrievestion

chol esterol transport in the living system Suitable

i sot opi cal j L ' ' ' e

chencheony Cnal T Eagt groe QB R P A DR chfes F biferes

| ithocholic acid. The preferred | abeled bile acids are

Ehaproportien af laheled @rmetr;id@bfdm@quﬂqs o iterestlis thiep palsuletedt The
a3 05 Q08 s B AR g B 1o

moleculgc iTHs ptabt@tionar thea domparst meauiredriztenabgdtiech ofi éxbesamatios to the

T DN T RTINE NY
multinofti& Qibtrstkion MA1htInERIbS ¥edebcriBddn ULd. PatcARINIS. 81388, b84)8l9ad 403,
i same i sotope as the HDL, chol esterol,

wth the ) h ) [ or i
and 6,0 1 ¢0e Which gre hsreyiipeyspomisd by meferepeq ia theds esirefy e The palswetions
o - ot . i
may indh e M B MORIpopiep Piso R ATBB - 3BDYS. Mo YE Bhispomer
Distributien | Aeglysis MIBA) combimstodriollgqitien aresbiscugedgn dinfrinberesftdifferent
I Mes ul st pppi.ng.vs. .cantnuous and .qt her :
sourees K fo, i R s 2F PBIARE 1 Bagu R RBURRF o Pie By Willeryaigan
Neese (1999, 1a¢ walltay Chitkes,ies it (PPERbhYK biddhel 4@ Mhdters@ei1992)End U.S.
e admnistered simultanequsly with, or separately. )
Patent lgfp(l)lﬁz}tlopﬂ\@). il Q&?%P%alh %f Whécﬂ')earr%éerpb{_m&gppqaqu@/’ reference in their
entiretyl SOt opi cal |y | abel ed chol esterol,. or isotopically
| abel ed chol esterol precursors. The isotopically
Incagditied tpthie@bavs-eitedaefsreanchks ealaatiopdoftivareamplenteatihgthe method

. .Garri: t ' | yoe and | .Qpe.
LT
Bhs doalplagisareoirexesss niobarlratits ts teith@raRbilattoms can be carried out using

tri eride enulsions and intralipids. |sotope, _
a table il o o npé i LAY O SFAPRSANE Heing drigrpties Rstionships. From
these cAdfaRsHE; a Waldh, sudhfas PR Mue, VEdbt@mitkdPRhR d8dcrib8Sihe probability of
mai nt enance adm ni stration. Like the |abeled HDL

mass isgjapi¢ prickaent effeyubunit iy rreeussas|sulpinit|peplk | Hs enrichment is then used

to determine a value, such as the value AX*, which describes the enrichment of newly
synthesized molecules for each mass isotopomer, to reveal the isotopomer excess ratio which

would be expected to be present, if all isotopomers were newly synthesized.

Fractional abundances are then calculated. Fractional abundances of individual isotopes

(for elements) or mass isotopomers (for molecules) are the fraction of the total abundance
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chol esterol precursors, and isotopically |abeled bile
acids are adm nistered for a duration of tine

wa@ adoftiozizent to achi eve steady-state |evel s i n PE&BEUS2003/029361
nol ecul es of interest. The adm nistration of | abel ed
bile acids to subjects may be orally or by paritonea
routes, e.g., intravascular infusion or subcutaneous,

i,ntramuscul ar, .or intraperitoneal nj.ecti.on.. The bile .
represeiB B RGE il Honech: "RG0 hBOT o G s SkURPLAEd Tom rfaive
abundarlc8OWRpEIS tHRAhEsE bBundat Peéits i€ FaRE ehe lud 90LARIAN B ERRAles are

or_rate of change of isotopic pattern may be i
normaliged relativg tod 00 ad graesspdavparesnt re@’fﬁm abyndapge. Fopgyrass jsptogomer
M,, |abeled bile acid is adm nistered in conjunction wth

| abel ed HDL to the subject, |abeled cholesterol is

obtai ned fromthe bile aciAdhsu lzn tg; bi ol ogi cal sanple

. ' _known ngqige af ¢ . cri bed

E)ehrc}é?ﬁ‘” DfRecsf oty SR of the aqn iR Raisitanee of

acid is distinguishabl e }r#wndensesf the admini stered

HDL. D. Measuring the isdtbpic content, isotopic
nomina AL L & Bt TClovsANES (Bl IR AR Api B ¥hloh Bfadagecs ocour

| sotopic enrichment of the isolated bile acids is then

Aérerionmedurdopoe (eaviahtbrg or demetrimgt=er ed HDL parti cl es

and the adm ni stered bile acids, and conpared to the

I sot opi c antent of the{ HpL particles @and bile acids

ST

prior to adm nistration e contributibn from HDL

gh Ieit rol  Ubumidnee AL ds ngba;ﬂané}im)ytlon (total
Adxy b8, Bl T8 acTds to ga‘oblned cﬁol"e""s"t_j ol in bile by

unl abel ed ¢Roléstmot M;3 chDCubatdatice M| t hi s nmanner,
the rate of\izbhe second agmeb RCT (HDLC/)to bile
acids; Figure 1) can be calculated. 19 WO 2004/ 025270

PCT/ US2003/ 029361 1. Measuring Rel ative and Absol ute
VRS SYRseRS s aisTs tasunehsd @ad o s (o bepclips e nageakabandageak

hei ghts, or alternatively, the areas under the peaks,

Btdd @0 dQURERSSE HradSod GMlth@moleuiRE fhaf Were F&@fu@ﬂ‘%’ néwi§ sPnthesized
mass i sotope) isotoponer. It is appreciated that "an

during acpgried Phpicesradpnisition, the septhecd eXcessimyalarptio AbNWs) igicempared
uRda [ i .

o he HEUHETof R BRUAAES Ak REUERTRY Sy S v

biopolywerstfiecaph essnisotbporaers toanvealthe Gatapohet exugsd mbie mwéikh would be

nl abel ed Proportion of Ml ecules of |nterest The
expecte o EFrIeBi 1 AR HAH SHILBERESHbl ecul o5 of
interest is then cal cul ated. The
E. Calculating the Molecular Flux Rate of Converting HDL Cholesterol to Bile Acid

The miethod of determining rate of synthesis includes calculating the proportion of mass
isotopically labeled subunit present in the molecular precursor pool, and using this proportion to
calculate an expected frequency of a molecule of interest containing at least one mass ‘
isotopically labeled subunit. This expected frequency is then compared to the actual,
experimentally determined isotopomer frequency of the molecule of interest. From these values,

the proportion of the molecule of interest which is synthesized from added isotopically labeled
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practitioner first determ nes neasured excess nol ar

rati os for isolated isotoponer species of a nolecule.
wab@4peci i ti oner then conpares neasured i nterP@l/US2003/029361

pattern of excess ratios to the theoretical patterns.

Such theoretical patterns can be cal cul ated using the

binonial or multinom al distribution relationships as

precursorﬁ 3“%“%%%1§%€ IHW%IHU%{? }téesnrf') 0816 fl% 18%1? a"{k%la 9%§, raé%e of synthesis
during suel e tigRGeribdistaikei detc@midedet v . The cal cul ations may
i ncl ude Mass |sotoponer Distribution Analysis (M DA).
ari ati ons of ss soto Di s uti Qqn Anal ysi s
ISR OC BT AE BRoah PR GH IR i PERIE (R SRR b feikontage of
labeled BRERGY fi6fn tHé fsf)f%?ﬂsﬁily 1abelel ST, Kaicall9 mﬁfed%habielst%ﬁn I
the art. The nmethod is further di scussed

isotopicpily labeled ehqlestmel preqvsss. Fagbeyontimgosdpbeling n@ﬂilcnk the isagepic

ennchrr%htés Q&%gﬁld adigmﬁfé 1g ?queg Lm%ﬁtafi%o%%@%? %8‘5;% %gfzgndflgr\}\%c @ﬁrameters

(e.g., syathesik ext@spyreicalcolapdriaine graoyrsoreproden equationd. HEer fractional synthesis
entire ddition to the ab ve-cited referepce

rate o) 4 B PR B (i B T LR RSt Pryit ormml:
publicly available from Professor Marc Hell erstein,
Uni ver si t Yk, ef[-a@l-iffjar ni a, Ber kel ey. The conpari son of
excess nolar ratios to the theoretical patterns can be

Fie: G2 s S AR LS A
e]atio Fr.om these co ar SO val ue,. such
?ﬁf ths ’@%?F agﬁhel admipfsiraiion;of gopt %ﬁ‘gé%ﬂ’&ég?}?mﬁ&’éhqdhe

probability of mass isotopic enrichment of a subunit
Fox tﬁe m@@muﬁms leehibf hletho@Othe rathbSdeRliid MIRGBe dnSichRERt is
determ ne a val ue, such as the value Ax*,
calculafﬁﬁ piedthg g’é’&?‘f PREAMEIRES % e melseies offintarss) aye e3leilped frpmpexponential
I

e o R Ly OB BLP e b Ghoperyia or
other kipetiogdenay, cuirfe: al | i sot oponers were newl y synt hesi zed.

Fracti onal abundances are then cal cul ated. Fractiona

abundances, of;_jngi vi dual isotopes (for elenments) or

mass isotg% Aé ?Tor nol ecul es) are the fraction of

the total abundance 20 WD 2004/ 025270

PeTdiseood¢ obisaenicaltelsbdsébileatibmay hatalpeated by kquations known
. I SOt ope | S oner. This is distinguished from
H”hea?éﬁ%zgfgp w% dgﬁgglomﬁgf@utKPhe nost abundant speci es

is given the value 100 and all other species are

Qf mal J zed Infekiab Rawe(la bzl Bl e ddid) e essed as, percent.
IrZB é{ué{f”il a@zpl@lﬁmg}%( a5 d@zl&?&?; | é&{lségfﬁ%q(%a@ﬂ?Jleeegczd).

The rate of the second arm of RCT may be calculated by multiplying the percent of bile
acid from cholesterol with the dilution rate in the living system according to equations known in

the art, such as, for example, the following equation:

RateofSecondArm = % BilefromCholesterol ® RateofBileTurnover .
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Abundance M Fractional abundance of Mk = AX = n X ,
where O to nis the range of Y Abundance M i= O
waoeoizi27imasses rel ative to the | owest nmass ( MYT/DERE3/029361
i sot oponer in which abundances occur. AFractional
abundance (enrichnment or depletion) 1 ( 1 | Abundance
Mk | | Abundance M1 (Ax Je - (Ax)b n x Abundance M
. 0 b

Abund .
gises og ibleie (1IN

abundance. I n or der to det er m ne t he f r act ion of the

Tind methbéssoftileairessart mvacttcmahd}ybmw Yorayatietg of peghosedL Pringrily,
e e S R SRS T B e b R bir.
turn, théCdtes WaAHRAs@I6 a6REPME cFadt e varfStis facits sﬁl afleReEARRS the

enri chiment of newly synthesized biopolyners for each

nmass i sotoponmer, to reveal the | sot opomer excess ratio

§irri expmpls in gnp xariatiop oibe apthads By heaswhip assess the pifect of a drug

REMH C
agent oﬂ &ﬁ%@ﬁ@gﬁ&% )Sgér%dt T ot%érl nvg?l.?% %%%Ht tBE %ﬁ@+tefslllt Z%tg Bgth'é tH?st arm
or the s@poh@arhe RET iT Hwe snjettdefat agdeftar ndmnmgranam ef e ds;gﬁgemswﬂl be
C | cul ating the opornti o .

compardd1C THEGRIEPEY LD ot S RPREOLLRR, TnsTRS of resenfigpre drug
agent will Bcdetaatingd &g lthe cﬂ;fa\dgéé&; dgnéBass, cﬂHcmaw bt ilnﬂdi&’iﬁrencef:) in the rate

cal cul at n pect e ency of m) ecule o
measuff-idﬁﬂt @Fe élef @%ﬁﬁ F‘S}?‘ HsigiaR Of E‘ﬁgf“%g@n IrugEsp; By pga known

pharmadcafi6d] @gert BPEx riboHib RicCcRERbREuIE 164 ié%ﬁfi%lé Sf 4R8Ang the first
conpared to the actual, experinental det er m ned

and/or seeqnd B ROy equency of the nol ecul e of interest. From
t hese values, the proportion of the nol ecul e of

St e L SRS bt

on atherpscé@mlsoﬁmnlaum th@ desabled ebedt, tha @&ecpi@sr mtci:mrinqmbh}i thd cleauge (e.g.,
increase ﬁ%c%ee;gee: rorpﬁ,g efengg)s in tﬁ%fage oaitofgf ﬂf% g%gg arm opﬂ&f%gtermined

before and after dietary modification.

In a further variation, the invention provides kits for performing the methods of the
invention. The kits may be formed to include such components as labeled HDL particles,
labeled cholesterol, labeled bile acids, or a combination thereof, in varying isotope
concentrations and as premeasured volumes. Furthermore, the kit preferably will be packaged
with instructions for use of the kit components and with instructions on how to calculate

cholesterol dilutions.

Other kit components, such as tools for administration of the labeled HDL particles,
labeled cholesterol, or labeled bile acids (e.g., measuring cup, needles, syringes, pipettes, IV
tubing), may optionally be provided in the kit. Similarly, instruments for obtaining samples from

the subject (e.g., specimen cups, needles, syringes) may also be optionally provided.

The following example is provided to show that the method of the invention may be used

to determine reverse cholesterol transport. Those skilled in the art will recognize that while
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A precursor-product relationship may then be applied

to determ ne the percentage of I|abeled bile acid from
w0 b@4ios2topi cal |y | abel ed HDL, isotopically | aber/@82003/029361

chol esterol, or isotopically |abeled cholestero

precursor. For the continuous |abeling nethod, the

isotopic enrichnent is conpared to asynptotic (i.e

specifc (S ncofh i Bied el A3 doss Pt b gt o Gigpaded o it the
inventio@l ecur sor - product equations. The fractional synthesis
rate (ks) may be determ ned by applying the continuous
| abel i ng, precursor-product fornula: ks =
[-In(1-f)]/t, where f = fractional synthesis = product
enrichment/asynptotic precursor/enrichment and t =
time of | abel adm nistBtAmprek contacting in the
system studi ed. For the discontinuous | abel i ng net hod,
the rate of decline in |sotope enrichnment is
cal cul ated and the klneﬁﬁ@nﬁﬁraneters of the nol ecul es
of | Hdewemenrof Revarsq(helaterof bransngsbinsdramal Maddy
equations. Breakdown rate constants (kd) may be
Bighws A showd ai @mdn@ntahwomcpbﬂieﬁts ugdd ippn emdm'menkinmeerg an
animal rggc? gsrl)lﬁllg é%’ ?e tat %S%éell é df‘.l ecllté%ter At Sq.lr%galfél ﬁlace 11% thg J%%}llar vein of
rats whlekq an&tth@nﬂlommurrecower fdi@4afot1rss lPﬁhI\aBolus‘ " Brwhed [1t Re,]-

acetate plgfvt?g\%}ﬂ(%gegg%%tgésg?rg J@ 111 &f%i ["Hg]C-E (cholesterol ester). Blood

samples-ar&bbtained Badr o (HogRehe QB.&a'cﬁﬁ@é 24 hours later. At sacrifice, feces are also
Enri chment (Label edBi | eAcid ) The rate of the second

collectedr m of RCT may be cal cul ated by multiplying the
percent of bile acid fromcholesterol with the

@hél%tér@f‘ﬁ&rﬁ%ﬁ)oﬂ Bnd RRall da¥dpll iSHSh gmaﬁﬁ@& OflaBY sdnhle, the

uations known in the art, such as, for exa €, the
cholesteft li$ then ﬂgn@@a@&tp afn Tl\@tlgmsfaggg @mtjmpzmlred by mass spectrometry. The

OBI.] efl - e rol Rat.eof Bi.l eTurnover. . 22
rate Oft%{ﬂfg gr%gh‘ée?f %&]‘% gﬁ%ﬁfﬁéééﬂ lﬁ}ggs’ of Determ ning
the Rate of Reverse Chol esterol Transport (RCT) The

met hods of the present Ermeplei2on may be used for a
variety of purposes. Primarily, the nmethods are used

f?oCTd Ietn %leTc]zsu m%p%versle &zolesterofﬁanspo; 't in d Murzrze%ncgel arms

Figure 2 shows an experimental protocol that is used in an experiment involving an
animal model, such as a rat model. Infusion catheters are surgically placed in the jugular vein of
rats which are then allowed to recover for 24 hours. An IV bolus of [*Hs]-BA and [1-'*C;]-
acetate is given followed by constant IV infusion of HDL-[*Hg]C-E (cholesterol ester). Blood
samples are obtained after 2 hours and at sacrifice 24 hours later. At sacrifice, feces are also

collected.

Cholesterol from blood and fecal samples is then obtained. In each sample, the
cholesterol is then derivatized to its TMS derivative and measured by mass spectrometry. The

bile acid is also obtained, derivatized, and measured by mass spectrometry. The rate of the first
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turn, the rates may be used to assess the effect of
various factors on atherogenesis. For exanple, in one

wo a004@ei20m, the net hods nay be used to assess PEBUS2003/029361
effect of a drug agent on atherosclerosis. After
adm nistering the drug agent to a subject, the rate of
the first arm or the second armRCT in the subj ect

arm of rB\éerse C g e%og trawggéil%a] %@?tetﬁgﬁfce)@ Pl’cl) fﬁ&i}: ﬂ](?f e g{}‘ggsurement ll"he rate

of the s&tbh@ 605 61 RI@Sd ¢holebRevlef Eaallated bisbe ok fHéCBﬂG atna dadkement.
agent wll be deternm ned by the change (

PRRlicants bavenot pandanedpr %élceﬁeﬂ fethe prldlic gny upﬁlﬁlm%dt saibject matter.
nmeasured before and after adm nistration of the drug
agent. The drug agent may be a known pharnaceutica
agent or deoxyribonucleic acid nolecule that is
capabl e of affecting the first and/or second arm of
RCT. In another variation, the nethods nay be used to
assess the effect of dietary nodification on
atherosclerosis. Simlar to that descri bed above, the
effect is determ ned by the change (e.g., increase,
decrease, or no difference) in the rate of first

and/ or second arm of RCT determi ned before and after
dietary nodification. In a further variation, the

i nvention provides kits for perform ng the nethods of
the invention. The kits may be forned to include such
conponents as | abeled HDL particles, |abeled:-

chol esterol, | abeled bile acids, or a conbination
thereof, in varying isotope concentrations and as
preneasured vol unes. Furthernore, the kit preferably
wi ||l be packaged w th instructions for use of the kit
conponents and with instructions on howto cal cul ate
chol esterol dilutions. Qther kit conmponents, such as
tools for admnistration of the | abeled HDL particl es,
| abel ed chol esterol, or |abeled bile acids (e.qg.,
measuring cup, needles, syringes, pipettes, |V
tubing), may optionally be provided in the kit.
Simlarly, instruments for obtaining sanples fromthe
subj ect (e.g., specinmen cups, needles, syringes) may
al so be optionally provided. The followi ng exanple is
provi ded to show that the nmethod of the invention may
be used to determ ne reverse cholesterol transport.
Those skilled in the art will recognize that while 23
WO 2004/ 025270 PCT/ US2003/ 029361 specific enbodi nents
have been illustrated and described, they are not
intended to Iimt the
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i nvention. EXAVMPLES Exanple 1 Measurenment of Reverse
Chol esterol Transport in an Aninmal ©Mdel Figure 2
WG bam®232m experi mental protocol that is used i PCEHEOS2003/029361
experinment involving an animal nodel, such as a rat
nodel . Infusion catheters are surgically placed in the
jugul ar vein of rats which are then allowed to
I claim: | €COVer for 24 hours. An IV bolus of [2H4]-BA and
"[ 1-13C1] - acetate is given followed by constant |V
1.nf Ush afeild filletdraliidh Sl rhte RO IR Tiret28h of sdversk ch&lkfadl transport
) ~sanpl es are obtained after 2 hours and at sacrifice 24
in a livingogysteny, said methed cempriFipgce, feces are also col | ected.
Chol esterol from bl ood and fecal samples is then .
obt ai ) exfiminigtesing pneseirmpers isotopically habieled thighglenpity lippprotein (HDL)

A e e T T

precursarbial ths lieimglsyssmt hesi s is cal cul ated. Exanple 2
Measuring Reverse Chol esterol Transport in a Mirine
Modelb)Folgaining 2ns bomwresisotepipatyi labséddhofmsietod anlledubea tfronsplasma
. used .in an experinent involving an animl nodel, such
HDL m;%e Lyipgsysifftiel . | nfusion catheters are surgical ly

placed in the jugular vein of ., rats which are then .
al | ovsgdmﬁfafu%%i'aefgpwfcapteéal%&?f@aﬁm Jalp %‘h&ha%geoqukotopw content,

or isotopid pAtkerBOf ﬁl@%o&%ﬁd&ﬁgﬁlﬁle@%ﬁbﬁﬁt@mﬂ folciie® fol | oned by
constant 1V infusion of HDL-[2H6] C-E (chol estero

esterg. ca%L@eﬁﬁil% (RARR cﬁﬁlﬁlﬁﬁ@n Qfoﬁ’&é‘ ﬁsBﬁu‘Bicﬁl;ﬁ Ribeldd BRYESeraNdolecules

at sacrifice 24 hours later. At sacrifice, feces are
by endogérws ugleb¢ledt choleste@ndv determiog therraimobthedistany of eqvgrse cholesterol
ampl es.is then obtained. In each sanple, the
Hmmpmgﬁgﬁggyglgp&ﬁg-then derivatized to its TMS derivative

and neasured by nass spectronetry. The bile acid is
al so obtai ned, derivatized, and neasured by nass

T/ UEB S 0BT e B B P Sond b P e CRolA(Shl

transpoit| saSAethbd temEingyl at ed based on the chol estero
measurenent. The rate of the second arm of reverse

chol egt g&t&mihifig Gl rfteloAtIRKIBASRDI 6t RhHledteroB&hbport according
 olai nFasurenent.
oclaim 1;

b) administering one or more isotopically labeled bile acids to the living system,

wherein

i) the isotopically labeled bile acid is administered in a different manner
than the labeling pattern of said one or more isotopically labeled high density lipoprotein (HDL)
particles, isotopically labeled cholesterol molecules, or isotopically labeled cholesterol

precursors, or

ii) the isotope label of said isotopically labeled bile acids is different than
the isotope label of said one or more isotopically labeled high density lipoprotein (HDL)
particles, isotopically labeled cholesterol molecules, or isotopically labeled cholesterol

precursors;
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Appl i cants have not abandoned or dedicated to the
public any unclai ned subject matter. 25 WO

wQoe4ne23270 PCT/ US2003/ 029361 | claim 1. A PE€r/Osm03/029361
for determning the rate of the first armof reverse
chol esterol transport in a living system said nethod
conprising: a) adm nistering one or nore isotopically
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of reverse chol esterol transport according to claim
1; b) admnistering one or nore isotopically |abeled
bile acids to the living system wherein i) the
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system

7. The method of claim 1, wherein one or more isotopically labeled HDL particles

are administered to the living system.

8. The method of claim 7, wherein the one or more isotopically labeled HDL

particles are formed ex vivo.

9. The method of claim 1, wherein the one or more isotopically labeled HDL

particles are administered by intravascular infusion.

10.  The method of claim 1, wherein the living system is a human.
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particles, isotopically Iabeled chol esterol nolecules,
or isotopically | abeled chol esterol precursors; 26 WO
wQe@40e23270 PCT/ US2003/ 029361 <c¢) obtai ni ng oPE€T/082003/029361

nore bile acids fromthe living system d) measuring

i sotopi c content, isotopic pattern, rate of change of

i sotopic content, or isotopic pattern of the one or

nore bile acids; e) calculating the nolecular flux

rate of converting the cholesterol in plasma HDL to
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3. The nethod of claim?2, wherein | abeled bile acids
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cholestdrbEesRid € acid is cholic acid. 5. The nethod of claim
2, wherein the isotope | abel of the one or nore
isotopically I|abeled bile acids is 2H, 3H, 13C, 14C
or 180 6. The nethod of claimb5, wherein the isotope
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claim?7, wherein the one or nore isotopically | abel ed
HDL particles are forned ex vivo. 9. The nethod of
claim1, wherein the one or nore isotopically |abeled
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15. A method of assessing the effect of a drug agent on atherosclerosis in a living

system, the method comprising

a) determining the rate of the first arm of reverse cholesterol transport in the living

system according to the method of claim 1;
b) administering said drug agent to said living system,

c) determining the rate of the first arm of reverse cholesterol transport in the living
system according to the method of claim 1 after said administering step b), wherein a difference
in the rate of the first arm of reverse cholesterol transport before and after administration of said

drug agent to the living system identifies an effect of the drug agent on atherosclerosis.
16.  The method of claim 15, wherein the drug agent is a known pharmaceutical agent.

17.  The method of claim 15, wherein the drug agent is a deoxyribonucleotide

molecule.
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13. The nethod of claim1l, wherein the plasma HDL is

obtai ned froma biological sanple selected fromthe
w@e@yp220msi sting of bl ood, urine, feces, and BCT/US2003/029361

conmbi nation thereof. 14. The nethod of claim1,

wherein the isotopic content, isotopic pattern, rate

of change of isotopic content, or isotopic pattern of
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agent on atherosclerosis. 16. The net hod of clai m 15,
wherein the drug agent is a known pharnaceuti cal
agent. 17. The nethod of claim 15, wherein the drug
agent is a deoxyribonucl eotide nolecule. 28 WO
2004/ 025270, PCT/ US2003/ 029361 18. A nethod of . .
3% s esAikidor drterprinipg thegate 9f gqvarsy chrlesterpbizansprit Byp living system,
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of reye : i L\ tem
accor ot SEl i aly L ARIRANE ol Sckipfid Rl o7
cholestérbMnolgedgss isetopicallnlabelet ahglestardl greamtars oy isoopically labeled bile
... determning the rate of the first armof reverse
acids; agﬁol esterol transport in the living system according
to t method of claim 1l after said adm nistering step
b) , emsirprtiony farse Qe kit n 't he rate of the first arm
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transport, the rate of the second arm of reverse cholesterol transport, or the rates of the first and

second arms of reverse cholesterol transport.

20.  The kit of claim 19, further comprising a tool for administering the isotopically
labeled HDL particles or labeled bile acids.

21.  The kit of claim 19, further comprising an instrument for collecting a biological

sample from the living system.

22.  Anisolated drug agent identified by the method of claim 15.
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drug agent identifies an effect on atherosclerosis in

said living system 19. A kit for determning the rate
wobomererese chol esterol transport in a |iving BYEUSION3/029361

conprising: a) one or nore isotopically |abeled HDL

particles, isotopically |abeled cholestero

nol ecul es, isotopically | abeled cholestero

B3 nbepetaeBlig RO AR R penE SR Bhorei n the kit i s
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dietary predificatiasofmlaimal¥el ed bile acids. 21. The kit of cl al m
19, further conprising an instrunent for collecting a
B6.ol ofh cwllatedsigotobisally bheleheholdsteral preppsioemolezle. An
i sol ated drug agent identified by the nmethod of claim
15. 29 WD 2004/ 025270 PCT/ US2003/ 029361 23. A drug
agent identified by the method of claim18. 24. A
met hod of treating atherosclerosis, conprising
adm ni stering the drug agent of claim15 to a living
system 25. A nethod of treating atherosclerosis,
conprising subjecting a living systemto the dietary
nodi fication of claim18. 26. An isolated isotopically
| abel ed chol esterol precursor nolecule. 30
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