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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/dl), or high (>240 mg/dl). Dietary treatment is

usually recommended for subjects with high risk levels of low density lipoprotein (LDL)
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Sterols can also be directly released by intestinal tissues into the gut lumen, with subsequent
excretion of a portion. These RCT pathways represent the only significant mechanism by

which cholesterol can be removed from the body.

It would therefore be desirable to have methods that allow for the measurement of
these steps of RCT. From the functional point-of-view, the efflux component and the hepatic

or excretory component are the key steps, as these represent the exit of cholesterol from cells
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In another aspect, the activity (e.g., the rate of transport, the mass of cholesterol or
cholesterol-related molecule or cholesterol-related complex transported or converted, or the
fraction of bile acids or neutral sterols derived from RCT) of the hepatic or excretory
component of RCT may be determined. One or more isotopically-labeled cholesterol or

cholesterol-related molecules or cholesterol-related complexes are administered to a subject.
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In yet another aspect of the invention, the plasma component of RCT is determined.
One or more isotopically-labeled cholesterol or cholesterol-related molecules or cholesterol-

related complexes are administered to the subject. After a period of time, one or more plasma
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molecule or isotopically labeled cholesterol-related molecule to the living system; b)

obtaining a sample from the living system wherein the sample include one or more
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A method for calculating the global rate of RCT the flux of cholesterol in a living

system is also described. The method may include: a) measuring the rate of appearance of
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mol ecul ar flux rate of the plasnma conmponent of reverse
atherog¢gfogist er ol transport (RCT) in a living system b)

adm ni stering the candi date agent to the living system

and/ or modi fpRitg DESCRILTION OFMEHE DRAWINGS em )

determ ning the nolecular fTux rate of the pI asrra

ponent of reverse chol esterol transport

(RCT
EEslylﬁtl?;tmteSéh@i R@T pashipsar ansgvhele-barly peels aE @IQ}:@.S{CQKE]e n
ol Al u e
Abbmtv f?gm%? *f g%lé ¥edtthe dc%%ldl)fg‘ eStaeﬁéeen 4 ﬂ%ﬁﬁ b‘gflgWhe Qi e@%ﬁag?
cholest@dl inipeeiphenl tiﬁsu@tdﬁdra(lﬁ@ﬂeﬁmsv& poBH)iE%o[éSﬁfﬂltl?élflc@ﬁpﬁEes
THE DRAWNGS FIGURE 1 il lustrates_the RCT pa
plasmpdB e 2pd Bgpatisdies chplestrlds shavwn Lakglsd éWIS%tPTG %dmmt@&rﬁd into
f
the o 08 Dol xR XL FRER 8 e 2LAin e for of fecal sterls.
ti ssues and a rapid turnover pool of chol esterol that
c Ef@UREé’sﬂlthmmhe RsOgained epeatiiac clemeetso theeRCE mathwaydafter

hol.est d t dinto th d
A ol RGP SRR 00Tl T h ' seues or be oxcr of ed

in the form of fecal sterols. FIGJRE 2 illustrates the
r F%KQUREZﬁfﬂluﬁf@dt@@Moadonﬁio@BﬁtB b8 aiis dfltBe RCT Rtivowgy
after

efflux/mobilization and excretion.

FIGURE 4A illustrates the plateau principle and the model for measuring flux rate or
rate of appearance (Ra) of a molecule by isotope dilution. FIGURE 4B illustrates the
application of the plateau principle for measuring Ra of cholesterol and the protocol for

measuring Ra cholesterol.

FIGURE 5 illustrates *C APE versus hours of >C,-cholesterol infusion for three



A. Tall, Journal of Cinical Investigation, 2001).

FIGURE 3 illustrates two conponents or arns of the RCT
w@anokmes3s . ef f 1 ux/ nobi |l i zation and excretion. FCTAUREB06H 7167

illustrates the plateau principle and the nodel for

f e or ear ance f. a
humary P s a6 f B ERe iy Gn o e RRan A bior e o ftgh are
1nclud&d‘@né&2ﬁ|gr5ﬂil on of the pI at eau principle for neasuring

of cholesterol and the protocol for neasuring Ra
cholesterql. FI GURE 5 |Ilustrates 13C APE versus, hours
of IGIERD 6&nPnestestepresantaiyie yalues pL @hﬁl@&mﬁﬂu&mbég@tmn rate,

r s
orka QUG RO ke RETATRLS] ke 80 URRR iy
reprodﬁéxbility ﬁ&trepdaemea@mﬂaﬁmbﬁka veolesidrobs of chol est er ol
gffl ux/ mobilization rat e or Ra chol esterol, nmeasured

[ .qubj ect s. Iustra tes
W IARBS s ot i 1 sty oo B pen evp dllremsints
Changf 1rﬁ§la§1|i‘@&ﬁ)‘?és§‘err6’ll Ra, i@ BEd with! chHEEt%ﬁﬂ/%ﬁoﬁ@&l&fé‘eﬁﬁlé and persists
rates of cholesterdl in rats given different diets.
4 daysCGiientegerning tpnagmnal di¢iol est erol Ra, increased with
chol esterol/cholic acid feeding, and persists 4 days
fUusnLn L edi R
CHISURERLE M Be BT o8 oo WO bR OF
admmmhfbwdllabgled elld?lb:aael fxfecd] glepsis. FIGIURT 8B dliwdtrasds elieodfect of
FIGURE 8B i|lustrates_the effect of treatnent for. 7 . .
treatmgnifer drlags ofa ravith 2B XBcpeirnpdhe et ety of fdministered
labelegkﬁélﬁ «&3¢y of adm nistered | abel ed chol esterol. FlI GURE
[ ustrat es the need to correct excretion
efficiency of adm nistered | abeled chol esterol for
eFIGUREi M llustraies ths se¢d @we@ct(ﬂaare@iholeé‘éqimmf admpindstengd

otoA5 A0 SRR S BLE ) S0F e

reducth@Sinexfetibh 6fffedne iftd Rin@basehen 43 RRAHGRCTICUTAREB eNustrates
representing cholesterol flux fromtissues through

the bapis 96 thei atcylagion of therGlebRR GEppiamgéar y 1gpresenting C@P’@Etﬁml Rer from
tlssue%) {h??lf%lst?lg&ﬁ%w s%lqll ﬁﬂg@%j% ?'C,niglugtt tB(Ej %ﬁag ??glepltogesg Irr?aggured,

from
compfi§iaE flak ifron) tisshd ﬁREocﬂ.(aﬁlehmbﬂrzalﬁ@Q ahl éronoblood énstsoland
cal cul ation of the "global paraneter” of RCT into
(excrefigit-ral sterols in rats fed the LXR agonist (TO 9013
17). Rats were fed the LXR agonist for 7 days and RCT

gFg@r{g;R;E‘gﬁfz%ﬂﬁ%ﬁ&r@h@ @8mpMenfeariNAl &SRO thBglobal parameter” of
RCT into neutral sterols in rats fed the LXR agonist (TO-901317). Rats were fed the LXR
agonist for 7 days and RCT fluxes were determined. A) Ra cholesterol. B) Excretion of
plasma cholesterol into bile acids. C) Product of the two components (significant increase
observed). FIGURE 10B illustrates the relation between LXR-induced gene expression and

global RCT flux.

FIGURE 11A illustrates the components and calculation of the “global parameter” of
RCT into neutral sterols in rats fed cholestyramine. Rats were fed the bile acid binding agent
cholestyramine for 7 days and RCT fluxes were determined. A) Ra cholesterol. B) Excretion
of plasma cholesterol into neutral sterols. C) Product of the two components (no significant

effect observed). FIGURE 11B illustrates the components and calculation of the “global
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pl asma chol esterol into bile acids. C Product of the

two conponents (significant increase observed). FlI GURE
waaBeilld4est rates the rel ati on between LXR-i nduP€diU§®N&017167

expression and global RCT flux. FIGURE H A illustrates

psy 2 FRTDATR S L 0k R S0 gt

agent (GRS1LRSlaMiYIfHET dB@taﬁd\F&I'Eﬂﬁﬁé wdre deehginagl A) RantloRgerol. B)
agent chol estyram ne for s and RCT fluxes were
Excretipatad piasmactholsyterd inth dile geléa? oCBIP@ﬂumf itleg tVhCORPIRERIS ma
hol.est er al neutral sterols. C Product of the
(mgmtfc tmcregsgnoé)ﬁ%%@ho significant effect observed).
FIGURE 1I1B illustrates the conponents and cal cul ati on
CifIGUIdE 12 hlhts&hireat}&mbhqyonem aCdal¢ulatiin & the i‘glebal paraateser” of

fed c olestyram e d bil |d blnd
RCT oa@@H?a taiels é@f«}%@%@ﬁ@)@sr ?ts&fs@gzegﬁag gy aad R RCT
e SR AR . By ks cp Bl S i

acids. €¥)rByodien vEthe $wg ediipommits dsmrfms@nmgmmsdl)ved)il GURE 12
illustrates the corrponents and cal cul ati on of the

fﬁgﬁg@ég?& @g‘%‘ra ttlg Oﬁag%%ggs? Imrrﬁclé;“ £y O| rél Sterols al‘Héasured in

humanRubjeclsUeRidnRY Glodalt RCTane the thb oBﬁlp@)héﬁt%ﬁhg bDRCTB)Rela‘uonshlp to
Excretion of pl asma chol esterol into bhile acids

low orpgieRICOBTATIORBOF HPLceholrsiraokin thessugisicts i shrwi-nk 13B
111ustragz%§r‘tﬁ|5 ﬁ?‘g}r%ete@ TR0 fhdal Y &&?ﬁeﬁslﬁ?edglﬁrlﬁﬁa}l%ﬁﬁl e&g including

eca neut ral st er o S neasure
GlobakROTaat she twocdonghongnt@rmb af RRTT Ralationdiép toowomrhpginesmcentrations

of RCT.. R hi i gh
of HDErghelteralch ieoubectngs Stamdy daobR Phe Mhibgaies ppecupiner yalues for
Globaﬁﬁ@%nto%ﬁpﬁgﬂéf Bretdid Wad hifd £3dilRuRRRROBEQSS of RCT

into fecal bile acids neasured in human 'subjects,
i ncl udi ng G obal RCT and the two conponent arns of
ROGURE 14tiilestrateis phe de nayw cdiplehﬁegﬂ sgheentatestmensured in rats and the

chol est er ol n S cts,is shown. FlI GURE 13C
offec Pl PRt R stePud Ao YRR T RSB AL Rer 1t o
fecal neutral sterols and b|Ie aC|ds i n human

SEIGI&RESS i SOldRs alnbnilihitisg list efisdtbge-thdeled ¢holesterol derivatives
hol est er ol nthesis rates neasured in rats and th .
(inclugipg emlgst@pl)&pﬁgéolsﬁam&e%t?rso#t na ey SR pt wﬁere lebel might

attach%é(@ééﬂ“%ﬁél%odl@t es. FIGURE 15 illustrates a non-limting
I sot ope- | abel ed chol esterol derivatives

(i ncluding cholesterol) and chol esterol -esters,
dEYGREAG illssiatesstnondimitisgdistiofibeiope-labbletl bike ghnds and bidhacid

Fl GURE 16 ust 0 m.tin

metabp gy Yoo e 0 sy A vieretobi b EiiRp  BRGiang e
netabolites, detailing their structure and where | abel
NFIGUREtI7ACHutteat&aBE provb@t Bréneasuring efflux/mobilization (Ra) in

humans. FIGURE 17B illustrates the protocol for measuring cholesterol excretion efficiency

in humans.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a means for quantitatively measuring RCT in vivo

using isotopic and mass spectrometric techniques.
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FIGURE 17A illustrates the protocol for neasuring
ef fl ux/ nmobilization (Ra) in humans. FI GURE 17B

WO kdogat1at es the protocol for neasuring chol esP€r/vb2006/017167
excretion efficiency in humans. DETAI LED DESCRI PTI ON

G THE | NVENTI ON The present invention provides a
——%ﬁﬁ@ﬂ%ﬁ—eﬂer quantitatively nmeasuring RCT in vivo using
i sotopi ¢ and nass spectronetric techni ques. General

TeE s of ThepBscne idvesti@f wilhgenefAlyaiilizt, mnm*g btherwis¢ Indicated,
generally utilize, unless otherwi se indicate

converismakieehrbags of sxtheruidns dbiolegy, mriobinlesy., ef#lbbl@gggy, biochemistry, and

immudf] m#}lo Wh?(!hoa%’ mﬁ]ﬁuhg ?Eﬁl\,\n&? e %119 It ‘%guﬁﬁéi a?%:ﬁlllg explamed in the

hterauﬁa cfor Emllip’le qu€=llaBieloky! A)Labm:atmy lNixﬂebonki(hE Céltieredt, uees),

Currer{tj’rggz:(%gﬁ{ L\/fé)lecg@rcl%ll(l?gg@g I(\)%uls@?é e} ote %gégg\fﬁlelort ?’rotocols in
Molecgﬁk B \ﬁﬂ%% YSéis: F‘@ ﬁ“%&e}soz%ﬁorﬂér Dzs?r%tzogi%myms A

s in Mblecal'ar Biology (Wley and Sons,
Techniy@® R, M&Iayszng Bivsypthaws abdi Fyrmiobert afdtohwext (Ielderstgin et al., Am J

Physiq-gggg | %%qciél' I)IXEﬁaE:ig ﬁgégbgﬁgp lﬁjsg@&a%ﬁ%%égmer istribution

Analy§iFaOeGht Wedrs:MtcdRetiéhl) A%Q%‘;ﬁ]c @ﬁ%{p@ﬁﬂﬁﬁﬁa) CoadiderMi&s (Hellerstein

| sot oponer Distribution sis at ht Year s:

et al., AebPeysidl76 (BadaoyinptMetabd OBk &46- ﬂré?ﬁ@ 9BonSehermorans

proceckﬁé?s s %1§§1%%fo%?§a11%§5§(1%@§ g%%%&(ylgu r%%(g Evgﬁ'?tg ?Jilil IESRJically be used

accordifi@©toerd aiisc P defined) pRadovy wiless loyheaw e hafeﬂe assay kits
and reagents will typically be used accordi ng to

nuf act er- defin ot o s.,.unl e her.w se.
nBragHCe ¢iihe iveRion Wﬁﬂ%‘ﬁf W@ﬁv B S SR Yigh jogted,
conveHﬁd al fehni gﬂés%‘%ﬁgtﬁqnﬁﬁ?\%na @nhlDHE CRE Sy, GRRVIE Rl v@iﬂﬁtlwt]he srl]ﬂll of the

ni que ry and” anal yti c chem stry,
art. SmleteWhmMGS arehillylekplainefl in the lderaturGiohexaeyphn ity Ee@dameeltals of

vty RO Skondd Yool Befins Sy GG Atgical

Chem 8. Fidsoh, lath, 2804 Ad¢hhced Wshumd@RBMeth¥iRlof Chelical Analysis (J.
iéhﬁztr% st rg;@ﬂ% S. Hi gsﬁ aut h, 2004); Advanced yels

Churarels tef oM nd Metvineps! rodss sheatosiry AdaDPYestions n organic and
analyt}%lpfl%%létr%ﬁlg Sc%ﬁ%% orf nd Advanced nmss spectronetry:

Inor ‘c and anal ytical chemstry (U.
Schl unegger). Practice of the invention wl|l
aBielicticoobthk ynvehtion wil] adthhﬁﬁlyomlhee windss bthdivwiat edjcated,
t echnj.ques re-clinical .and cl.ini

conveR QR IReHORFA QPraTLLARL PP SReAFEE: b e i &R kil of the
art. ShOFRBRAHES ¢ fullydhbleisRuRh McMfErabhe Ne T terature.

finitrons

Definitions

By “cholesterol or cholesterol-related molecules or cholesterol-related complexes” is
meant molecules and complexes that are part of cholesterol metabolism and transport. These
include cholesterol and cholesterol metabolites or precursors, or cholesterol precursors (e.g.,
water, acetyl-CoA) and complexes of cholesterol and cholesterol metabolites or precursors
with carriers such as lipoproteins (e.g., high density lipoprotein). The following non-limiting
list includes examples of “cholesterol or cholesterol-related molecules or complexes™:

cholesterol derived from chylomicrons, triglyceride rich lipoproteins (TGRL), high density
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By "chol esterol or cholesterol -rel ated nol ecul es or

chol esterol -rel at ed conpl exes" is neant nol ecul es and
weoplienss that are part of chol esterol netaboPCEHISZENE017167

transport. These include chol esterol and chol estero

ipopr R S BB na e P3G B SPERR TpD o
very | desRO1p8hRkRh (VEDRED Qhble8@rd estef @iied FFotn WhytlGmicrons, TGRL,
carriers such as lipoproteins (e.g hi gh density

HDL, [Phodpbt esi W DLThide acids foownripadosiop; hile.iuate] orenyioter bidegical

exanmpl.e f .'chol esterqgl,.or ol est er, 4 .
sanpl SRR Rl el o, . o L SR i ok Agmptes
chenoddytl €1vl 6 BBolatek, @by ¥ddbl ke, lithobhdlatps pEwdesnehflaeRL) ,

hi gh densitylipoprotein ( i.ntermedi ate densit

HDL), i, sity
phosphalizégss et ilipibinhy mefabpliige ﬁgbﬁfyaqlqlspgsfﬁﬁ@teéﬁ by gaétaer)njfe%?al
microlS0 QWSRO i Y P AR Rl 3

coprosiddol,; coptdseneuwd, dBolestamo] pdhotedtanshomid epiddpeostanoi)nand athers.
any other biological sanple; neutral sterols from
" blogd, stool, .bile, urine or any .other biologjcal, ..
on e AR PN GOy i et B RS Qriining the
indicatedtri16619¢ 8t &Iplbi. SRAS e¥NehRAtRInest thdaAfRRA théleéliie oPEomplex is
bilirubin; the netabolites of bile acids generated by

considgeesh rTdierisasenic pententias issienis patarmpbihietiedicased melpcrlgior complex
may V%%’S ?g ém?lg%g ngr%?t'l%g i (%llcaqgcis ﬁl%i%'cﬁlte%‘? tci)rglﬁ!)e]xfﬂl%{q%ﬁz é{d@ﬁn%e sample
By

tanol’,” “coprostanone, chol es anone
as a p@fion epatAlresimdiel ), and others. "sanpl es
cont ai ni ng nol ecul e or conplex" is nmeant any sanple

contai ni ng the indicated nol ecul e or conpl ex.

B EPFRPIAET Bh ?Ct?P”_l eS| fRaneaat ay %?rewfe@ﬂ@r é%sswﬁ%aaﬁ‘esup of
one orcrg&%'rﬁiﬁéﬁge,s. Hig §1@f199§ af BOLFHAL, Phall HBIORES, pRREIE ipoproteins,

o} In no It may

t he I cate ecul e or conplex may vary.
or othéxs. Aerexanmplecofi aingd¢reid HDL ewhick contains apkgstyredynadedules,

includ%%fgi ssﬁt&%#.g FIQH i:ece uff:.% qpnkﬁllq.ﬁsgeglé gsrtc%rigf)%]@gc{pp?eg%o %rste%)oaqlall%)éér
moleclRS (Q8D1iBEpbRInsRS ARHIREYexaB e i &fmMBeisarDIDI e
nol eclf es.” The nol ecul es may be Iipids, snal

nmol ecul es, proteins, |ipoproteins, or others. An )
e s bile agi!” 1 onmbReKbIEARDLE biknaahmetbolis REdichlhes Bejbolitc)

foundg% g@%@%?@d ok Bilel ol e@tlé o%&rﬁﬁ%&e{ﬁﬁ gkﬂﬁﬁl%jé)m}e acids

and c¢hol estero er) arger
includevhelith@d, deexgeholit hadpehehedausychoticactie andxgngher le agid or bile
.. conplex is LDL. By "bile acid" is neant any bile acid
acid mtalglife. aci d metabolic product (i.e., metabolite)
found in the stool, blood, or other biological sanple

ORyCRNPOREMant FReABRERSnsHorh ihcCo M1 SRIck NEb Ut 6MGihteStinal lumen.
acid, deoxycholic acid, chenodeoxycholic acid, and any

A pargaltiist obbileeccompionerss inslydss bil¢ deids tngbiodlistesols Byhengridogychioates,
cholatgeégc{éﬁﬁcﬂ)fe)gai%?ﬁ‘%l%kl?ogﬁg% _rcﬁgfegtgr%l,%éc;deg)lcy%%gﬁgesi ﬁﬁo%pltloqffnids, or
bilirubin. In the gastrointestinal lumen, some bile components are metabolized by resident
microbes to bile component derivatives or metabolites (e.g., coprostanol, coprostanone,
cholestanol, cholestanone and epicoprostanol are metabolites of bile cholesterol). For the
purposes of the present invention, these derivatives are considered components of bile as

well.
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A partial list of bile conmponents includes bile acids,
neutral sterols, chenodeoxychol ates, chol ates,

waolewxsictiss at es, |ithochol ates, chol esterol, PCT/US2006/017167
ur sodeoxychol ates, phospholipids, or bilirubin. In the

. t st | | I
By SpOTad Bt st TRt R GT S m be
deterntiféd M3 JubRSt @sﬁn%ﬂi aRIhdds@F theEprisent BRBARST. aR@tvity may be
copr ost anone, ol estanol , chol estanone and
represergts@ bp Aaaie Ang) 2 grentive pEIDBI| tirae, 5P dyRnity o shelssterobpn cholesterol-
relate ml,olecu][e e %ﬁ&gﬁgl%l-%la&% gcrngél%g grgr{f)%enwél’ﬁt%g Eﬂg}?&rﬁb IrtF:@ 8§r§umt time), a

I'ves are consi

mass Q&'Eé | aridys, oﬁl(gtein\isi éfcholestertt @ thalest@ab iyl @ed moRCHlewr cholesterol-

nponent of RCT that can be determned in _a subject
relatedqum@l%é TipstiprbersPestent (fag-practionof bHg as Fé?if“’eﬁlcffqmm or

percew Pgl?trarl SRIAS8aRY A RC —[gt Br él‘gy Sher @g&%‘%ﬁéﬁ&lyoﬂ%ﬁé' data acquired

, Oor a quantity | ester
durmg:ﬂhe ipesties of the neetledls mlnﬂchxsed Berein. cluivety nerydie wiedtag emnpared

betwe%g&% ?e)é(ltg ?gcgg,é%gvh%{)}stcr@%%ﬁggg{egg g%é%?agylgegqu l n?%éforae and after
admuﬁ'ﬁﬁ'u@ﬁ Bﬁé Qind‘i&it@fh%ﬁpmﬁﬂ&ﬂt & &fmﬁaﬁ‘&i t%sﬂlﬁfn%dl ghial @lsome

a fraction or per cent n‘% fraction of
c1rcu1mt¢r®ea¢ alsantedatamdy be orpréeTied o5 apambenef differsatityped of activity.

Data rp%ﬁ%g’%&gﬁ gﬁﬁ&st?rhcgﬁg—r% bage(ﬂh ra}e/ by 8ardervlv Ig}latatnll| order to calculate a

new tﬁfe&ﬁTabﬁﬁt}D(fe d NBe ﬁﬁ&tﬁtﬁﬂﬁccﬂﬁﬁﬁhﬁﬁl&ﬂ RET & bile #Aids oah by combined
what is conpared between different subjects,

or
with tlmhlle paid pephsivede de@m@é he mass<of rholestsiob oF clilessiral-tekated
molec‘a tcﬁ h@ggﬂelgﬂ %lﬁ%ﬁ'o&tﬁ %ngé'iﬂeg' td %ﬁ@ akQSy apy, or what
are Storidal ‘data. I'n 0 ci rcunst ances,

t he sane data nmay be represented as a nunber of

dByf“tistorical gpesisoficaatanyvdaty exiBatgrpriveyo e combincenient aftthe

historical data, baseline data, or new data in order
eXpPeiPEta| cul ate a new type of activity (e.g., the

fractional contribution of RCT to bile acids can be

C PoicheHdame tRrdpye ibnkantaal ?rd@:@@ bySwERh belifaiensy betredied that

mass of chol esterol or chol esteraol -rel ated nol ecul e or
can be srseansd Eoruiffeedyancsshscuitinedbetaimy eradidate ghepnies mey wshude

[

beha\%(%a]f J(esf&% or @ etagr*gtn?glmfﬁ% heﬁ{eail(%agé]?ﬁrer%% e% ngﬁy a?ic anglugé b @htments
with 4 hedlaﬂ)devics df&hmtm}amytaﬁmm@ﬁasmehyalmmb @addlsleasberafﬁys may also

be treated that can be screened for effectiyv ness as
mcluflﬁ}h@r@wwtﬁ@p&. F@ndé%ﬁ‘d@%?af Tt i t%é%isqen e

behavi oral , exercise, or dietary reginmens. Candi date

t tehaRhesh 1e§ﬁ1§9 1ﬁd%é%§1ﬁﬁa%ﬁh%ﬁ&a?1d¥ﬁa§é"th@raﬂﬁg' Sadh a

Qeylce, or t I npl antation of a nedical device.
comb@atidi day dettve ldaﬁﬁarw qaa@ad@tle sgentncAugmbinasionpyayvdlicbemgandidate
n di dat

atea "oor ug' (see, infra). .
seent e ARy AP AL G Rr Bt s b i hfpbftia.a dicery
regimeAN Al GhaiEndtioamisi Ao bShEEkercise regimen and a dietary regimen and a
candidate agent. A combination may also be a combination of candidate agents or a
combination of candidate agents coupled with another candidate therapy such as exercise or a

dietary regimen or both. A combination is therefore more than one candidate therapy

administered to the same subject.
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conbi nation may be two different candi date agents. A

conbi nation may al so be a candi date agent and a
waele@bars3s egi nren. A conbi nati on may al so be anPERERWNGE17167

regimen and a dietary reginen. A conbination may al so

gt Goiagin e AMEELo e oy b B afbroprat

regulat® nas [0, @b (anticdahg Dge Aldsifistrati oS a0 quibalent).
candi dat e agents coupled wi th another candidate

Candidatestheyapios sty adrsadsxleq anipsevedrfonusgiie hampny &y thecreabpeorh.
prevenf BEB BN B DS BB bR, AU EaAh gl frooed

diseasdsher api es nay al ready be approved for use in humans by
an appropriate regulatory agency (e.g., the U S. Food

and Drug Adm nistration or a foreign equival ent)
C%Ym"?aéﬂ%étet%émaﬁir e?‘ﬁ&i}t%cimgaﬁwwgalﬁb?% ofolgeule;
polym%?ﬂ%&%xﬁo%cdéqgr tho E&H AR mAEx @[g?’}ﬁ'ﬂfeirﬁrinﬁflding biotherapeutics such

rogenesi s, arteriosclerosis, atherosclerosis, or
as antibédiey anclremizpmit s smiall oegaai e ot denmebidiBykdovandtgaansl drug

..agent” or "candigdate drug” .is t any compound .
candicRi e P el Tl R r O A e i1 Rl
acids, £t8) fhat cap bl RiRBed 76 hotdifythsuiHee heReut C&R1iGE Agedss are evaluated

anti bodi es and enzynes, snall organic nol ecul es

in the presdnt diviegtiemsmdisge vayingaetentipkigerenenticcheents thasafeet chylssigrot

f small nmlecul es, polysaccharides, fatty acids,
Hwa®5@%Wﬁ%%?E %%Ieic acids, etc) that can be screened for

activity as outlined herein. Candi date agents are
eCaldiddte dgdnts docempasssmnterouswhamioahclboes.dirsae\eartiodgnent, the

.potential therapeutic agents that affect chol estero
candidhigy Bl s S PEAE ARG LT e oA S B PO S nerally
have aggﬁﬂgl&géisw& RIAfHRIwEhaDBaRd abdlit OTRIOKIAREAN. "BRferrel R small

ate agent 1s an organic nol ecule, such as snall
organio cgapoends dapingradsoleearcheighirgmadre yhanahd aad hests dleal apout 2,000

wei ght tween 100 t 2,.800 dal ton
daltonspfte rder RO AR 5P, ML SRR R gDl less than about
1000 dFRLAE dha Fret\’@lill%&re%fretgﬁb e83Ranl 6D @Mdnk € TantifdatRk Ayt comprise
2,000 daltons, nore preferably Iess than about 1500

functiefwil groves neqessary fassugites] interpetion wisl praieins elpefher ngbgolecules,
. dalton and t il f I
prif ) s e 4 iR BRI E10 el 83 bl 3800
hydro¥y@ @2 sabbyylfesurs prefeiablyalt 1dasi teadithofuneiiédal pliahiealgonss. The
ot her host nol ecul es, particularly hydrogen bond

candidgfeigepisiatien|cpmipries exsiicalicarhonay frtoca i ttgipgand/or romatic or
polyarlgﬁ{aﬂg %ctml%? gt%il%’ne‘iwrte&)&litﬁ 3nb Pf(ﬁéxhre%fQHf’ ab&)"e%ﬁd’tﬁ)lﬂhl)e/gr@ﬁps.

east two O unct1 ona em cal groups. T
Candidatadpetnd are atperfoenddmeny Itomplecsles mebidingpentides saccharides, fatty
.. heterocyclic strugtures. and/ or, aronpti ¢ or .
acids, SsFGjdh MHRY . PERPHERSS 1 @HHSY Pria! a9 on sompitipns thereof.

of the above functional groups.
Candidate agents include "known drugs" or “known drug agents™ or “already-

approved drugs”, such terms refer to agents that have been approved for therapeutic use as
drugs in human beings or animals in the United States or other jurisdictions. Known drugs
also include, but are not limited to, any chemical compound or composition disclosed in, for
example, the 13th Edition of The Merck Index (a U.S. publication, Whitehouse Station, N.J.,

USA), incorporated herein by reference in its entirety.
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Candi date agents are al so found anong bi onol ecul es
i ncl udi ng peptides, saccharides, fatty acids,

we@eo1d3s purines, pyrimdines, derivatives, PCT/US2006/017167
structural anal ogs or conbinations thereof. Candi date

ents include "kno drags",or "kn dra ents” or
P Bl o A 6ot e Vanie oot B R s of
syntheli 8f nAtaME cHBFSURABPFOVEANIpR, ntifiefodd Bithhe ard 9@ aidbl€Hhabsre well
in human beings or aninmals in the United States or

knownginiles art €orirantiom prshdirectedonnthasiagba widsovariety efguganie compeunds

.not, li,mted t.0, an hem,¢al (L] .
sod 330l 5 By PR AR e SO Rl BRTRE BB and
peptidddrLkerhabRly, (iBrddeSof patbtal cahpamds Whiht éheusEbastaial, dungal, plant
NJ., USA), incgrporated herein by reference in its )
and angpeli xEpdts exrraindale ontreAts predacedn ddiarpally oitural pragynthetically
productd rlfb%r?’es Qhd %&Hh&ﬁﬁis' I'eH&%yHQP&m@& AlrbBsh AnvelB ALl mifAl,
natural  conpounds. For exanpl €, numerous means are
physicavaid tdbdhentidvdineane ¥edwn khoamwacolngichleagants niayrbershjboted to

) nd dijected synthesis of a w de rie of. organj.c ..
direotedhgeRinas C%%C%ii%‘r‘fﬁﬁ%"&’lﬁ?%é}ml? W%fi%%ﬁ& %%6?%% egfarification,
amidifAdbR ko proRhhestienedl sARIOM ZiBereB kGABHES BRI disind@shdidate

peptides. Alternatively, libraries of natura

agentsconpounds in the formof bacterial, fungal, plant and
ani mal extracts are-available or readily produced.

i tianall I . SY L.cabl
P MBI AL B et St o
covale@li ‘dﬂﬁﬁlﬂﬁ@ ﬁﬁiincﬁfit&diﬁ', G}\&ilich iﬁbl)ddésqﬁbteﬁigﬂpdly%}iﬂidaé, olpopeptdes and
..Known pharmacol ogi cal agents may be subjected to )
peptidgy. r Biqagtedt may ba diade oot aaprally eriEiag B0 addtapdgreptide bonds,
or synfeUt ?%ﬂ&%miﬂleﬁg gﬁ‘ﬁdtﬁ]’és. PRISLLiAE ALy “HEPHdE kdFdtie” O used
top uce structural analogs and there renderi ng
hereintrhezms Bbtht nanortlly ecwindieg andesyethietic afiire aadsd iFbaexansgjesitano-
.be proteins. Ry "protein" hereinis. nt at | east
phen it i Gheor SuriBe e P P OcHEs BB AiBTor e RUERSGe of the
inventtirO Y fiBio PR YRBRAIHES imMd RAPRBIJuEEScARS pRARE HES -
The protein may be nade up of naturally occurring
hydrogyrirelinea c This side dhaiepmayi be bosithsr ther(Rg pnthiedB) eonfiguration. If non-
eptidomneti¢c .structures. Thus_ "am.no. acid" [
natorag e PGl are i, BB alpd i MUERHORB b Re B e oy
examp€ fipreldif o Rlard A v Reldegradmfidie. Peptide infiditosx@E Ak ANes find
. honophenyl al anine, citrulline and norl eucine are
particglai@seder ed ani no acids for the pur poses of the
invention. "Amno acid" also includes imno acid
r .
B8 ARl BRSO gl o
occurigompriotpimsat Thons, fok Exanaplaateliniat Extrastsoaontaimigg pradeins; airansiom or
. are used, non-am no gcid substituents e used, for
direcr gl gBREOT ROBATERE Sl LRI o 0o 0o g At S g rars of
prokaRRBE hA® chi R RERIRIMA VRS fol Bdedtfihd incHb 8y stdHiedescribed

herein. Particularly preferred in this embodiment are libraries of bacterial, fungal, viral, and

mammalian proteins, with the latter being preferred, and human proteins being especially

preferred.

The candidate agents may be antibodies, a class of proteins. The term “antibody”
includes full-length as well antibody fragments, as are known in the art, including Fab Fab2,

single chain antibodies (Fv for example), chimeric antibodies, humanized and human

16



The candi date agents may be naturally occurring

proteins or fragments of naturally occurring proteins.
wabws/119468 exanpl e, cellular extracts contai ni PQT/US2006/017167

proteins, or randomor directed di gests of

. r ot ei naceous,cel.l ul act s | .
antibodlg o 57 RO P Y SREP SR el W PPHRES g7 Sfhsh Riftnesized
de novaw.ing SeddRHEndn® DNL FRRAV108Ies, Andl H@nﬁd;tﬁrbﬁﬂﬁrdéescr i bed

herern. Particularly pre erred in this enbodi nent are
libraries of bacterial, fungal, viral, and maymualia
pFhsteandidateggens meg beapelsic asidsn Pyprarisicasid” om @hEW}fﬁotlde

I
s B BB SEBEL B HASTI CAIO e, o
nucleid gyidrof metpkéseﬂmnvémmhwﬁﬁgeﬁerhlly t@ngjh phasphodickteabdridspadthough in

some qfa:ﬁgggse cgJ:ts d@)seécﬁé,,erwlé zilo‘%aql gges(a%hl,cg}deél udi ”ag()h';%? alternate

backbcﬁﬁ‘é rE%fﬂé)ﬁS Ehgt fd %g%rﬁgle Wﬁﬁeﬁﬁ@a@é?@%@ﬂt IRedh&fon,

r produ ficarion of whole
49(10)a1r9t2|5 1§b2813¢ andrefedencs tlse}rcmhbasmgct deOngoChems BAGS00 (1970);

Sprinh RS R SO R b0 Feererieectly Bee dyids e dripes7

(1986)asa\sda1 &fal., CheRONetE! 9@3{1@@4) DEtsHigareBdli, JaAne Qhkmaked | 510:4470
herei h means at |east two nucleotides coval ently

(1988); WB@JWQ&@ et plaChemieadiriita 286li4d (573 @h?)f"rpé@%%]@loate (Mag, et al.,
Nucleig Q&tc;‘f{; 143;,7[3 ?%!glé aelndyU QOpL¢ ?I:lﬁ\rI](g 'C}O%ﬂ%% %B%ho?@d}ﬁlﬁoate

n SO as ou

(Briu, at:algl J am;l Qhemasec.) dk m&qmﬂi})}, Omﬂﬁ@&phd)mem[rhtedmkages (see
backbones, conpri si ?ﬁgg for exanpl.e,

Eckstefip&igongelcotisles gnd An P%e%ﬂ%ﬂcaig%%?a 9§§f0€§r§gaﬁer%t¥opr685>
and pe%%%@éigé?@n'b%@oges érﬁiﬁﬁl%gé‘sf (see]E §319 J%ﬁ”@helﬁ%&SQ% 11895

B ochem
(1992) Myiat) et dleChemghnt, EdEngl., 31: MOS8 (19%2;); bllselmsNatuleﬂ, 355,8‘66 (1993);

Carlssi(31986 %&%%8%&67 81?96),2\% g@m%taé%gl owﬁa(tgfigg}é(firgg%ﬁ))) Other

analo @R 1TAHUE Biclu@E i¥se m@t@zﬂtﬁz@ b§&{HoH&sa(D geylléﬂ-al( 386 Natl. Acad.
phosphor ot hi oate (Mag, ., Nucleic ds

€S.
Sci. USS, mm 1993)) eanibnts 19k 8 SBhes Was SORI023: 5,637,694

e I . L

30: 421 @1@91)'5@@%&@(:9 et 6l.| Dam clirat. isdes 1 amd4 7Anabeg)y e,sfsmfger etal.,
Practi_cal oach, Oxford University Pr ess) and
Nuclegrigh febuairtier 03158 Td | BROK bR 2T kg SEmpasBian Serics 380

Gy o U Rk 9. S GhaT, hCoo
Mesmhg%eu,rzee al. ,S?iﬁb@ﬁm(& M&hcmﬂﬂ}ﬁ&g ;Igitl ,elt3 9r§I (1 991\)21 elffbsectt al., J.
Biom g ey éa@ri)aﬁgra%dm&egpé?%?&ié’%ﬁw%dﬁnfms
backb&‘ﬁéshmeﬁﬁhfg thEseBekhrnes U DanpGy Nogls5, ad5 03F%5:AC5,0 M8 d6, and

. . USA, 92: 6097 (1995)): non-ioni c backbones

Chapterle 6&ndF7atA@|ﬁ1 SMoposiEn 388¢0KY, “6adally B8, M@chﬁoalozman Antisense

Resea{ﬁlile:;l?d ]ﬁél S an 4@@8\? Igar? (Eoo+1<<I grgc[ W%nge ‘nuglem acids. 'IA\Pu%Enc acids

containing one or more carbocyclic sugars are also included within the definition of nucleic

acids (see Jenkins, et al., Chem. Soc. Rev., (1995) pp. 169-176). Several nucleic acid analogs
are described in Rawls, C & E News, June 2, 1997, page 35. All of these references are
hereby expressly incorporated by reference. These modifications of the ribose-phosphate

backbone may be done to facilitate the addition of additional moieties such as labels, or to
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30:423 (1991); Letsinger, et al., J. Am Chem Soc,
110: 4470 (1988); Letsinger, et al., Nucl eoside
w@biweliewss de, 13: 1597 (1994); Chapters 2 and 3PCHEBR006/017167
Synp05|un18er|es 580, Carbohydrate Nbdlflcations in
Re S., Sanghui .and.P. 0
increafiiioe SERERY S e B peleileR ol Gl R o
addltlcﬂ'r %ﬁ)’étuf&l;%?ﬁ)wural@f(fo‘éurrﬁtg matleic atidsBin@mrBhlessitarbeyiie.
17 (1994); Tetrahedron Lett., 37:743 (1996)) and
Alterna@vﬂly,umggeMt‘fmetnuqlm neid P g 8B miretyes iob aafurally occurring

e 3 e 55 8 02 RSSO 0 R S

strand 8D @k Epeedfidd) 66 cdmaiAPbitan s£bdtageableBiranded or Mn@le shand@dili
and P. Dan Cook, andDg\Vetl de nucl.ei c acids. Nucle

sequesiy dbe DA ATID A DTSN e TRIG By PPN As BYAh or pgbrid, where
the nu?lgggacg{e](% ?:t'%xgéjaxﬁ Joﬁlllr‘tﬁnét%ﬁ o‘%%t:égg}rfb'oo anpﬁb(?iﬁ%]g %ﬁesaﬁﬁcfj%y

comblﬂlﬁt&}rﬂiﬂﬂ))asesSﬂmhIdaig wracil, @ideniag ithlyrama) ogyssigr, guatess indset,

in News, June 2, 1997
xathagipg, m@@nm@gcsﬁ?%n% é%ogs?nee;epraecgw&? ?dwﬁ'aw%“ﬁy

methy[a%lteﬁés‘?&c szaﬂﬁrﬁ%rtdﬁﬁf@ {)éeﬁé&béﬁ'jﬁos‘iﬁe 508arbb ﬁrﬁbﬁﬁﬁﬂﬁ%ﬁ'acﬂ 5-
backboné done’to facilitate the additi on of

fluoromthdils 3 brmmommﬂeﬁroadaogmmhﬂla@ma@m@yl %ﬁhlp@nand,r%a@rboxymethyl-

bilift. hal f.- .1 f e of,.such
aminee gl RO Sot e No P aliBY BRRHES Doty ladenpe. 1
methym%uuo@kécﬂ 0GRathylighind)  hBétbyRedsite, a,aoﬂlmeaiytgﬁnmam be
de. Alternatively, mxtures of different nucleic

methyé@@@nan%m@*ylg%ﬁweﬁﬂqﬁhségvt@m%érl@?fav cytoseuNpimgghyladenine, 7-
e B SN B0 45, T S, PRI 2B EHEL b

mann@iy&p]lef)slmj S-methorydagbony methylarmsilps-nietidxydoot) 2ostiydthibeN6-

gl e stranded seguence. nucl aci d.nmay . be
ISOPCW 2 B Yé %%iyé?ﬁﬁg@ﬂ%&“e K&S‘% “éacﬁ ‘P%‘XPCC%%‘%% t he
oxybt{ﬂ(%?s s%ﬁﬂﬁ%rgcqp ﬁé&ﬁleaﬁifhl@)@ﬁgélﬁ@tﬂ RBh9f- ZQFa@ﬁﬁéEil bPRthiouracil, 4-

ri bonucl eot any conbi nati on of bases,
thiourheib ISbmieﬁnghmmlc N-uraamé mmyecpetnc hagidh methylesten siravél: 5-gm€a¢ﬁfm@a01d

nos. xat i ne, hypo ni ne, i socytosine,
pseudp B dERRe. A BBy PO B 6 SR RORIF B Hke
nmet hyl adenosi ne, aziridi nyl cyt osi ne,

PR UIdSirfiRE ¥bewd gbeleraﬁy(f@aprbmbu@mgx yibiarkhditiit naeits mapbe
fluorouracil, 5-bronouracil

naturadly OSEWEHg ml_ip]qu aa:,tﬁsn@ﬁtéQ)m)amd/@r @yntbq}}cdgqc]elc acids. For example digests

i L L

additiomtRIyAfistetfdencasdguencks (@Nhj/’lsjgaramﬂloinﬂed]hemm hyl i nosi ne,
2, 2-di met hyl guani ne, 2- et hyl adeni ne,

ﬁ@gﬁ%{%l g nﬁg tggﬁ%gm%% §§#hrére%penment of pra/cegure Of process

bemg@'emi"fb@bl' @‘I'I' Jueetshiyd iag 's%stems In one embodiment, a subject may be a
met hoxyam nonet hyl - 2-t hi our aci |

humabeiraalmﬂm wu@pﬂqnmm V] GCSmﬁEth @xy%&afr@mﬂﬂﬁtomwnanémman
. NG-
TN A

uracil - 5- oxyacetic aC|d
By “living system” is meant herein any living entity 1nclud1ng a cell, cell line, tissue,

organ or organism. Examples of organisms include any animal, preferably a vertebrate, more

preferably a mammal, most preferably a human. Examples of mammals include nonhuman
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oxybut oxosi ne, pseudouracil, queosine, 2-thiocytosine,

5-net hyl -2-thiouracil, 2-thiouracil, 4- thiouracil,
w®200ei1vaBsir aci |, N-uracil -5-oxyacetic acid net PgT/E51006/017167
uracil -5-oxyacetic acid, pseudouracil, queosine,

) 2-t.hi ocytosin .an , 6-d] am rin . .
primt e it A B & G817 S et s et (g mice
rats, anilafielA48) € agents may be naturally occurring nucleic

aci ds, random and/ or synthetic nucleic acids. For

exanpl e, digests of prokaryotic or eukaryotic genomes

n&@tn%@ka&@?ﬂ sarples cRAnIRasted ARk SYBDIE OPtagiediEqm & living system or
e o b B e SeRUENGRS, M Bl i m
can be soli¢cgal frah atlhéngsypen orsbjcot. Prefecadyiridologicpl saomdss are obtained

bei ng.descrihed, Al subjects are living systens. | .
through ﬁ@n%lmow wuppally aHe et H%WVB%V%amﬂ%%?S (e et faflection,
stool cﬁfg%_ﬁgh,nﬁ%d dﬁw%‘rg?h@%g% A3 rafl6n, nfl JERE brodedidtes RIERAnLhidmal

uman primate. ional'ly, the term "subject
risk, discoofopas sEorinBidedieal shinpies grexyftendiguidpotneiimesnrgferred to as a

w1 Systent, is.nmeapt herein any. ||y entity. i.ncl.udin

biolo SRRl FiqABo ST R e A b O R, Boce.

intersti®ial AHA2EHBIBMIiACaHGE @A fiuld inflaiaheradhiaRs, synovial fluid,
vertebrate, nore preferably a mammmal, nost preferably

abscess, empyama oEgthep indectedt fwdneraplyosmieal died, swisa FElMaTRTECEES ions

(spu‘cul}tnz,rsrcpm?nn%l1 %&ds, ’fec?? tb'l%pfn{@{iﬁal(s,gcrgﬁo scﬁldsotg&g. g?cﬁé%ical}%ples

research anrmal’s Ce.g., m ce, ré%é, an umans

includé binpplegihaethave depn AianPolatsdiasng svagnytesteippeomipdmémesich as by
froma living s ﬁ,tem or subject. The definition

treatmer FWipieagwss. BPIYBHLZaEos of enrichmenb for Spriala sRmpengys, such as

proteinty oqltpgginﬁé'lleoﬁ’ ds9'Te tdIR <70 1{8&1 s%?x#)ke@%qﬁdenfc&ﬁﬁéﬁesl 4 Mirdi€h]
system or subject. Preferably, brological sanples are

samplofitchian ectutry psgh, cthentiologichlflwil pirrtekieysampless avdealse includes
.noq-inva ive a roaqgeﬁkée.%%, urine collection, stool

cells i giifuee e B SUPERLIEYS BPLEF HySaeedl e aspiration, and
ot her procedures involving mnimal risk, disconfort or
e‘ﬁé&b%)i_):-coﬁﬂ'eﬁﬂ Qabapic pansth@s ra 6f EHangs of is6itdbit content or isotopic

sonetinmes referred to as a "blologlcal fluid"). .

pattern)’ rgfersitohe isotipicatonsentipatepic petteraeratanfichange efdeotppiaicorignt, rate

of cha}l Oef Ofulréétgﬁlb erté)rngr c}tﬂér Sslife r‘%htsfclf Lﬂlﬁedisot%g%r?séjogﬁ’i'oﬂ 'of a molecule.
SETRYZ W e T e T B i TS anmat ory exudat €s,

Isotopiydv@tdn@br fsbtobit, pattbsasate of chyie®f votapidi@imtém be etedf change of
fluid, cerebrospinal fluid,

I
isotopisqet 615 OBt PR o8 ERRIFHikOr istion of g6tomkp jra molecule or
populitfbh%ffgljuﬁ@éulecse el %ﬁﬂ %hch?cﬁg 2B DT Bng B Ah OB Rl and MR & Sar
I'ncl ude sanpl es that have been manfpul ated in any way
propewits.efsotopi conpemd ouisetvpitt pattsuohaygichyle thechangnin isptopic content
reagents,.solubilizatio I _epric nt for certai.n, .
over it ESBtIPnIE i bfeRen SF g6l roe soioaac o
conterlt ®F Bot i OpAGHE A BRIPhEMoR pefecBNEONPIRES RStope ¢h h Bbple. In
sanpl e 'such as serum plasma, other biological fluid,
anotheyrentbiodgnent sisetppie sonighidordpaepic petterg drdicates the relative amounts of one

a»—

or more mass isotopomers. In another embodiment, isotopic content or isotopic pattern may
refer to the entire distribution of mass isotopomers, which for a large molecule may number
in the hundreds. Isotopic content or isotopic pattern may also indicate the relative amount of
a single highly labeled species (e.g., a precursor with four deuteriums on it). Isotopic content

or isotopic pattern can refer to the molar percent excess of a single isotopomer, or it can refer
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cells in culture, cell supernatants and cell |ysates.

"l sotopic content or isotopic pattern or rate of
w@eh@age468 | sotopi c content or isotopic patterPCT/U81006/617167

to the isotopic content, isotopic pattern, rate of

change of isotopic content. rate of change .of isotagpic
tothe R BFeEM 1251 R Pnkalor Rosant o fipBle @R E b R PoRet
included WRASE hieasured bRtheahRs YptrohReidHiabyséPd88E o@rduring the practice

isotopic pattern or rate of change of .isotopic content

of the presenimestibddsciessithed ereins o lese angiuies &1ay ipelpde therdgtermmation of
¢ o Y . : . 5 .
e m T LSO L p S AL B L ORERBR e
isotopbinet btk leatebslpacthe MR obihe MepisbtOpemenss cholieaditl aor the MPE of
properties. |Isotopic content I Sot opi c, pattern nma

r

’H,0 ihipedle Thete amiyseiemanmicluse S terRRaion s atppgpercent excess
(& : [ ' 15 ' time). In

R R G S s S U g
indicates the nole percent of a given isotope in a
sByphelechile cfintetest” i nisouti adholesteralanr sholestewhireated arolecule or

eSOl SRS BB ISR Rl B R e
methold§ 8¢RAbE] BSRBIE Huck b i€l GinRadst Brthe B0 picailplatieted fi6duct
entire distribution of mass isotoponers, which for a

found o gererated sxilie subiagt whiletspcticing the metheds deseribed Betsi. & or

. S S P Eth t

s 2Byl SO P LA A CTLR Wb o e
convefstorgof, "> @,-pibeled khsiestuol to ' Optabdledicholiaumid imthe fiyer of a subject. In
this oty P EFiG g e BIGRLS SF RSt A0 & 16 SUALGAGHBE 1S L isqIops ontent
or isotlroggc?%%tgmt. REmALAP REGRRenBSCBS ?la@ﬁlaﬁg&gﬁﬁéﬁ 6k RICT may be based

| sot opi’c content or 1Sot O4I attern 1 ncl udes
on thewlaerson s a%isrlabtlsl chobestarelsis Hiple ta 'Cprsbeled chnkestipsdsster in

carried out. during the practic t.h resent hods ... .
vl e e Ay SO ey Fieheiaets alRieE Pand i
analy £Qt18F 8 Hatii@bpietohtBR FRAEPiO BhtERA! TRX GRS ulcMIhiteRist May be the

parti cul ar nass isotoponer (e.g., the MPE of the M
same psthe dgotoraeallyflabdled meotesrisl (’,themho(%hférqi/pEcmle&tﬁel-mlated molecule or

cnolel S8 SRR o BheS B Bo5b =t D e FRobe LR e mav e
a diff@EnttifRogitdRi-Ribgled efdculdy CasafplREdnOfendranad by & teddbolic event,
. atomc isotope (e.g.,. the APE of 13C in cholesterol).
eitherfy thegibiect pea grcCropt2apisey Withig theabiech chol esterol or

chol esterol -rel ated nol ecul e or chol esterol -rel at ed

CRARNL IR RIS &5¥ ﬁ}g[&gdfei]clsﬁéfeist@fbl QF cidlakys] Sty 'I\gélgcdl&eof

practice of the ne escri bed herein. Such

interestohacalbeinsiude chelesstol derivtddeirarg ohylpmiebhy TIGHJa AL, IDL, LDL, or
r ct found or generated in, the subject whil.e .

VLDI: Sl g EfieSiiafRbass ek PhulRl Bl depRe Fhm diiggpicrons.

TGRITEASU! BIE VDR ortVISDID e RaJIé il Rlof @ 61eS R4 2160 HeRII@ Hile @tids from
RCT nay be based on the conversion of 13C2-1 abel ed

bloodg sioble bilesines @y angCther hisdogienl shisplec Melpeilesofiiptsrast pay also

. f a subjects 1n. 1.thi se,. '

inclufip bt SU R o Biobet o 7 Frin OEuF o B8 Plplopich oo te
Molet18€4 siiheresOmbe Blso include chenodeoxycholates, cholates, deoxycholates,
lithocholates, ursodeoxycholates, phospholipids, or bilirubin. Molecules of interest may also
include the metabolites of bile acids generated by gastrointestinal microbes. Molecules of

interest may also include metabolites of neutral sterols (e.g., coprostanol, coprostanone,
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or isotopic pattern. Simlarly, neasurenment of the

pl asma conponent of RCT nmay be based on the conversion
w0064 CR38 abel ed chol esterol in HDL to 14C2-| abet/@82006/017167

chol esterol -ester in VLDL. In this case, chol estero

cnoles G SRR 8 Bt oPoyh) bR L BE Bl b, such
microbiSIth@Bbslitedhb e bé fouhtieén M sesdll] & th?ffy hf B¢ fRbso¥By B thBubject
same as the |sotop|call -1 abel ed nol ecul e (the
and mghepnsst aradher hiolegislsgmples| - r el at ed nol ecul e or
chol esterol -rel ated conpl ex or chol esterol precursor)

L5 f

?fsggito % ?af‘:bg ?qnélg%fl%ke cﬁ% R?Thla{ %rétcl H&R%%‘g?fe : egéntél ﬁo?gf

molecglesnof amteeekt bya subjedt @bl 4 biokogieal sameple.feee produtts gesarbicd by
.Qr m cyoprgani smwthin,the subject. Ml ecul es of

pracu?‘?'&&ﬂeé’%‘?tﬁ‘ﬁg'f%alﬂf’c?rﬁﬁé‘ t WS er ol or chol esterol ester.
Mol ecul es of interest may al so include chol esterol

d%bﬂ(ﬁ%%fil@ @i‘le%?yfe@éﬂ £ 8 Sxact ks oﬁ@b mdlddularlshbeiesdthat contains
|'ecul es of interest may al so incl ude

all 1H,c?@,| &Nt 8P Se@@eFOU@@ﬁO}?el@gmsmmmwdmﬁ%r}éd& O, 34, F, CL, Br, and

I, the 1sclRL ic é:gn%mﬂgl‘ ot} 89 g'l %?ﬁl%$ evgllfh ﬁ%é est gntaSS ﬁ%nl mr%)é QO?O

unamb’ighyou@ bbedus®itel et @Bxhncﬁﬁm@bteped\éﬂtma leRsncafs dré hEb glsd lom@yt in
al so i ncl ude neutral sterols from bl ood, stoal, bile,

mass. heqaongisoiepic Blapeis abbisvisgdasm andsihe mageasof gihes mss

r S

isotop bl e e e TR RO B8 o),

ur sodeoxychol at es, phOSph0|IpIdS or bilirubin.

MiMessub@spaher” o Eisewipomey’ rafesotoi a@hﬂd@fﬁmommsamrs thetsis

rat ed b astroi.ntestinal crab
eroupqi grb{toioaSS o SodiEar et T U oRiRF RPIRRM ob FieBEfopomer
may cB@ptisemoRbBIEObSdifferddit isofPRS @phRRRAons, unlike an isotopologue (e.g.,
CHNé_@flpstanone chol est anol , chol est anone and
3

]\ﬁ'érﬁéfﬁ H@fé aftbry sgme mess 1pteppmanbut are different

vnf BT LG o TR 5 TR B Ul e

not reuived@ya ﬂ;amrectrcﬁnaélh eForljuadrapole atass spplrodctets; dhio pically
| abel ed ol ecul es of interest, which_ are a fraction of
means that messasotprasrers arerfamalias|oé ssotspolagues hat shere anemppbmpss. Thus,

the 1scR5pdl s @}Pl\ﬁ%’ a?lﬂl %fm!g %hffﬁ elf'? S%gglyﬁltﬁs Qﬁlncﬁé ﬂfsﬁﬂglm’hed as

rac cin I nvent i1 on.
being dwﬁanmtms paommasm buethe mmp@mgmes EKaNHDYEEDNHS, MEH;NH,,

| ar ies that.c ains.all 1H.  12C5 14N,
and CIRSSEE o il DG St Ppishb GHEvT0d B R Uy SAg Tae isqippomers.
Each llﬁasssisotgltnor@ms ﬁ’feref@féqﬁf)lcaﬂ}h@orhﬁﬁte@ BT SofORPShd 1s8fdpBlogue and has

he iso opo ogue Wt | owest mass i s unlque and
more thaa whé gxmumab% cEhesdistingdonbsiveah mtm?ntoglussnmﬂd@sssosompomers 1s

et Ay BEFR SHELE BT B RUE b IR o Pl guggupote
mass §fec@bmetersm8Snay not be resolved even using mass spectrometers that produce
higher mass resolution, so that calculations from mass spectrometric data must be performed
on the abundances of mass isotopomers rather than isotopologues. The mass isotopomer
lowest in mass is represented as My; for most organic molecules, this is the species containing
all 2C, 'H, %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
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i sotoponers are identified by their mass differences
fromnO (M, n2, etc.). "Mass isotoponer"” or

wO e@etiopssrer” refers to a famly of isotopic i BONBER06/017167
that is grouped on t he basis of noninal mass rat her

within tﬂgﬁ%olécglie nl%’ :néE cificd Tafa%?rpapr S " rfé? gsg{,?ggrﬁ};\é s" are not

dﬂnnynﬂkke an i sotopol ogue (e.g., CHBNHD 13CH8NH2 CHB
15NH2 are part of the sane mass isotoponer but are

d fferent isot pologues n.operational terns,
3t S9bRsrla peledls e 164 y&ﬁamso\yﬁwetsa% fbe B4 brotons

and hérf%é%!f&l%%a&lé eft ﬁutsxgﬁl?ﬁf t QhmbERlof H&?&HRQQG RS SH).
spectroneters, ypi cally means t at nas
Isotopesl@beiqz[bmekesulas meﬂdmléd with efiy pwtbdrpmbmgaeksotdpai; meh be ctable
Thus, fhe jsotopol.o NH and CH3NHD
ISOtOP(‘i? &]f%r H, %o%t]i’ﬁ}’ may, %raélh‘ﬂsoé?ﬁe S gl’l gutdhed as bei ng

di fferent mass isotoponers, but the isotopol ogues

CHbidbe-14BdRdaNBstrat S Gridities m@ﬁ%t@*@la@@%re@ﬁﬁoﬁhﬂol&ﬁle that is

t he same nom nal mass and hence are the sanme mass
able tg Bpinspeiated infme mokeeale efdpiersbiver Living systaneposubject. Examples of
. i cal e d
oo IS LK ARG Yo R AR 0 B R Al ot
amind amSoﬁMab@mSorgmc n‘m@ules Ot Ofabebedsoriganit avlatulds *C-labeled

ractl au i hdi vi dual . i sat opol o s _are not
org ES»UQC " bfplag%le%%neae@fw el NHnd Ry
not be resolved even usi ng mass spectroneters that
PFPRIS e r A 1o FRIBodsRTEHEVIAR onS 6r &Bﬁtcoﬁﬁﬂoﬁéﬂtﬁbf Qﬁﬁxture of
from fmass spectronetric data nust be perforned
other simnilat eoropeunds. Hewsexampde, Spotifying & protedn ot mtnde” refers to removmg a
The mass, L soto r .l owest
proteip 38 bERGTRS e RpRoRIr OIS GPOMESi" AT EEH SO pgptides.
the species containing all 12C, 1H, 160 , 14N, etc.
Ot‘Ivelatingrs feférs @ wpﬁﬂiﬁhg o8¢ eoﬁb@Iﬂdrtgdm & hgistupy of shpouds For
di fferences fromNM (. etc.). For a given nass
examplgoignlgmera protsan Fi reéf‘rrs FossPEiaEAS BRe SRSBEsEaiRn grineptide

from élh &hgpélggeglrsq?r g}%{)ﬁ]&ts in Q‘?ﬁlk{drg O S HRY ?Jté(ln br ?epuges

posi t oponers”™ are not |st| gu S
"isotope-Ilabel ed" is neant | abeled wth atorrs with the
s dReecmsobmplegtlePrafers s thenuethieritgredfursoneuscd msrief eymhesis of

speci ol ol Ry S B Soen e B s by Qg bghetic acids.
deoxy@lb%ﬁild)é@ atig9l¥iBo adidsoPRDSe, iterDnPétRBke 1 SOt opes
e.g., 2H, 130) or they may be r adi oi sotopes (e.g.

3H 140) . "I sot ope- | abel ed substrate” includes ar%
i sbe VB asaised Beramgstersiio) waien that qeatainssseippes. thxapwples of

labele'd%e&érqﬁélﬂa@%ﬁo I-anggﬂ-lewl Ks ?ged h@fe% &fd teldl “?sotdp\féaﬂg labeled

system or su
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.
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i sotope | abel ed substrates include, but are not
l[limted to, 2H O , 3H20 , 2H gl ucose, 2H | abel ed am no
wa@eioda19424 | abel ed organi ¢ nol ecul es, 13C-| abeP@rUS2006/017167
organi c nol ecul es, 14C | abel ed organi c nol ecul es,
: .Iplecul es and 15NH .
et eT S et HousS © ' ing one or nore
corrponents of a mixture of ot her simlar conpounds.

FodveR¥ @il Qerol Ruiispbiti(RETY ifd lﬁleigEbaDpathQ@jz tldeuglf \efueh S
to renoving a protein or de from one.or

cholesgied FmABIIGH FeARaBaod v OEber BRI BRbbI RucBpe tire
compoﬁgrﬁg bf’ﬁng 12 AL dt{b?xole'ét%ﬁoﬁ X [Pt QssnEP gﬁﬁ%{lﬁﬂg%glﬁal?egatlc tissues,

oun ma mxture onpound xanp
into the bB)OHsatelaﬁIQﬂ& giflox eompaien)IGURE 2); €X)ehstrimspeepad disinitmtion of

ot RSBk vt PR L STl SRR 5
excretie{% W6 'tHESbe’Js wEeREI1H8F or m%sﬁ&é"%ﬁ@l‘ieﬂ&ﬁ& Eﬁéﬂc?etofye‘fo%{p%néﬁ

ol'ic precursors used during synthesis
FIGURID 4k | Chajestablis ihamsporied i dgle sécrgtcms gitseras pile eeldB estree

ot SR AP S e i o i
Jeaves AChJAHHE fife- stodtanBIRIMWR EIRG be Asledss@ dirbRTyefkdin QS iRfeStihdinto the

water "t hat contains isotopes. Exanples of |abeled
gut lumesy, &or suhtsquent exebon gfppprtigndntpigherigess. Adesepaihwaysgppresent the

r
only m%ﬁ%g%@%c&g@%{n? B&n‘;ﬁéﬂ?ﬂo@e@ﬁ! @ aﬁ'?)é ?émo{ge@bfrﬁﬁ ‘{jlile bod]yI From the
functidnal psint-6feviewscdmpdRatsrial and#3 @y ntivesilax andpatent and the hepatic
breakdown of nol ecules within a cell, tissu

or excrgtagi APERMSIRTR BT oy ese oprefeatile sk PL thalesierol from cells
and frdIR ltl‘fe%dgsx%sbéagv%lg %}f‘heﬁ iofRRY A, bEEARL Bf {8 %elloésta%blhshed role of

nmol ecul erefore sy nonyrmus wth
cholestendldn athdrogeanesis, a&lam:*.clprmis amﬂ otheir ehmlbstsromldtto@ dispases and

I T e e
atherow?ér@’d‘g ProdBdsCihdcil Eﬁe“rﬁ Béhelvéd 08 the é}@;ﬂa@ﬁﬁmtfblaé}ﬁpﬁhélﬁgemc
t he body (FI GU There are three conmponents

and an@fatmtrsclqrgt;c plfopelms af welh g$ thetclinisal garshationswifereduced

B e e N

transport and distribution of cholesterol within the
pHagsRercHDPAEVeteat nothec@drsdeo @e:ﬂanomdytone EbizhRiEnBdf the

molecii BbTh of KL, PR e nSressitly Sty T oS un ot cheleaisegl trough
the Rél’? Pﬁm% e‘f’%@fngiechﬁlr H&GR¢ ?%@k@ﬂf ]{)ﬂﬁ@a}bhal\% RRfRSiRlo i888asing

er as acl ds or ee cholesterol (sterols),
focus mhc bastseverdl gmars e Onetimgoitatt ampheationtod gteise scentuadances i

RN TN AT ME 7 WTEN R

isolatibA hR§tor Ry ok Rflebetrue flux through the pathway, depending on the underlying
mechanism responsible for the change in HDLc. For example, if the plasma concentration of

HDLc in an individual represents flux from tissues through ABC(A)-1 (the ATP-binding

cassette transporter) into plasma apoAl-containing particles, as in mutant ABC(A)-I
heterozygotes, then HDLc is a useful marker. However, if HDLc in another individual
accumulates because of inhibition of delivery of HDLc to its acceptors (e.g., due to reduced

cholesterol ester transfer protein activity or reduced hepatic scavenger receptor-BI [SR-BI]
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gut lunmen, for subsequent excretion of a portion into

the feces. These pat hways represent the only
wa@e@nitid4eant nechani snms by whi ch chol est er ol cBET/B82006/017167

renmoved fromthe body. Fromthe functiona

sctvitEE RTINS ekifs RO TRERERRERGT aREvisabie) aS b ahbie i pivtex

when &diRidéANg ﬂIeQH?actQ)‘h ROESE i@REame that BReraié prodliction and fate of
chol est er ol romcells and fromthe body

apoB-eadgpiaimgipagioles, shies e g, Beewss apelt amléleéﬁrq qagable of carrying
choles\fver%zI fo?x%r?g 4 Sﬂ%%ﬁe ﬁ%lug%)%fs Wl s &5 F %x%% l(f dl l?ath ﬁ%ﬁ%@sﬁm actual

eroscl erosi s an her chole ero

fate otaadeCbaﬁtﬁﬂésﬁﬁ a@finditidulll medconsiaat & thReMidience of RiGieatedy dlasma
anti-at herogeni.c and _anti at heroscl erqtic. process,
HDL lawa e @@ﬁ&lhmcx% agdngreasedn ths %r@a sh@ﬂ%ts&ﬂ ssopiagan pgiween HDLe

concetion WR@%Q 'tl& qaﬁFH I8t Q ﬁfe &4 H%Efab? or other
as we as the ¢l |ca corre on mnt ced
interveraioti thaapoul e t}nlrsﬂurméf VhELrangILIHepamlps ka ﬂne ﬂxwet er mdeed any

fracti n SA. wever, L | evel s a
therapy (Bt KORRT e8P DUy OREr i DR RSO B & Sotn
ﬂwﬁngﬁﬁ@Rhﬁ&aﬁ@&n%@ﬁe f. RCT, and do not necessarily
lect the true flow of chol esterol through the RCT
at hvvaf\g( The nol ecul ar details of the RCT pat hway have

c$h@ differance hetvean BﬁgT 16Uy and e Jouels 11@@@@%&6;%@% efthe
presen(l)a sclo %r ﬁ\/@&g gﬁér&@a O}{rﬂéégg Sth'a8! q_?) ﬁ{%cs e aQ
ecu ar un e recognl ha asma
measdxﬁt;@he{ édiﬂcelﬁi‘mloﬁﬁbtf Bfo@hémic&hmb&cums I Islfehatnngnhmmncaﬁramy of

HDLaJ8 o ¢orbnigRiie e gohtih it Soh PR antans oY BN, A pReess of
1ntere$_l%iHQLI§DLg 8nc gﬁ@\;élfng phdsniale ethQIrp d‘fq{ft‘éfe@f #s@hd Rho%hl of

an in re resen fromtissues
choledt¢robfrgin tBRER{X) (G.k., RCHS. A‘EBubh mnhaavgemms(ﬁ}ﬁ]éLc is only a proxy to the
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Thus, a method which could actually measure the amount of cholesterol that is
transported through the RCT pathway from tissues through blood and out of the body would

be a direct measurement of the process in question. The present disclosure describes
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therapy directed toward the nodification of
chol esterol or lipid netabolism (e.qg., statin therapy,
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evaludieh oBtistR predyssinldrdedionse W@ithaghy, dBa Sy @BRAtand festig of
process in question. The present disclosure

medicgldgyiqep o5 ineksior uwgnwh@leérﬁw&ﬁ% ated isspsgrBanaggngRt Giagnasis or
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alter tgﬁl: Plgk ]l:"or gﬂﬁlﬁ&tor g tﬁ% 5153%3}63 dlntﬁgfh r{hﬁ dF %rgt é’% Eehsease criteria

(i.e., a combination of risk factors that indicate a disease or pre-disease state) that can be used

to classify subjects and recommend treatment.

The present disclosure provides methods for measuring cholesterol transport and

metabolism iz vivo. In one embodiment, the disclosure is more specifically directed toward
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devel opnent of disease criteria (i,e., a conbjnation

cats apg degss guinegpigs.galhitss hampyps anice grats, Bwnans and the Bkeji sease
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I'ng chol est'erol transport and
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sm or nodi
of the molecule or complex is measured. The amount of dilution of the administered label by
the efflux of endogenous cholesterol or cholesterol-related molecules or cholesterol-related
complexes from tissues is calculated from this data, directly reflecting the amount of efflux

during the experiment. Furthermore, the rate of dilution of the labeled molecule or complex
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in Exanple 1, infra. A Admnistering isotopically
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countéxﬁ% Ql?eetelzlﬁ'ﬁ@ﬁe% dagho FFA‘E{IFJ %ﬁlﬁﬁﬁnﬁg 1ﬁéﬂs ﬂgfegol'o? cBolbdtBofirelated
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Methods for the preparation of the above listed isotope-labeled molecules or
complexes, or other isotope labeled molecules or complexes are known to those of skill in the

art.

The isotope-labeled cholesterol or cholesterol-related molecules or cholesterol-related
complexes may be administered in a variety of modes. They can be administered
continuously, repeatedly, discontinuously, or by other modes. In one embodiment, a known
amount of isotope-labeled cholesterol in a lipid emulsion is infused at a constant rate for a

length of time sufficient to achieve steady-state levels in plasma cholesterol.

B. Obtaining one or more biological samples.
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different | abels. For exanple, one can |label with H

and Oor Hand C or any conbi nation of |abels. One can
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ester ol est ol -related nol ecul es or
or chobdsterel skl oonqﬂcat theit is edpiestesd laayleshmbacblm secisorel-Ad supra.aA

vari ety of d s. Th be a tered
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then bggeteaminedgs deprsiteds8f8) - rel at ed conpl ex, a bi ol ogi cal

sanple is obtai ned. The frequency of bi oI ogi cal

S 3{7iN Y QLS AROEMEL 1t chrttélﬁr ?EHotJ RiePn §H€h
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s B B SRR bl e Pkl
exten&t?hqy 85fofd Bk idordat Esht&RRiRopidpstebR hestfed. The 8ample may be

candi date therapy that is admnistered to a
processed to isolate a particular cholesterol-related molecule or cholesterol-related complex,

such as HDL or a subclass of HDL, and the isolated molecule or complex then may be further

processed into a form suitable for mass spectrometric analysis.

Some of the techniques that may be applied to a biological sample to purify, partially
purify, or isolate a cholesterol or cholesterol-related molecule or cholesterol-related complex

include, but are not limited to, centrifugation, solvent-, salt-, or pH-based precipitation, high
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subject. In one enbodi nent, mnultiple biologica
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chol esterol -rel at ed nDIecuIe or chol esterol -rel ated

e TR e BB RS T e )
reversé@ﬁl@eﬁ;e chfbn?di‘@érﬁ‘}ﬁ{ 676 ecliligeet chrbmetos el SthirSlabéradeomatbgraphy,

anpl e is chosen in order to obtain a sufficjent
gas chmmatngraphy, @hbtlecitopbotesigrulplitat o rubirageptrifp gafionpd ity e
chrom] {?tg gllg,te 3Satpﬁ€;\aﬁl{ £ e!:t?ép%gaeg%%ll%ﬁyé ?)pl &ffépén?ﬁt}%r%te%iym fiigfr‘%rential

chemi€dl deg@HgnG cB8tallemtion, Té‘tﬁysﬂﬁlh@zﬁidne linfited ptREcdpdis, limtitedlchemical
w th experinental desig and naéebe sel cted based o

degradabien.canglar anp piheh giefhods eﬁwﬁ%@g sherieg) angfas bapchgmical and/or
macroffdcRRl %{)ﬁg?ﬁfds%lg&ofg&hgg gt ﬁargéle%&Q&%. &b Blosk Qlklﬁte@ th the art.
conpl ex 'S

m ni stere escribed 1 n section
Furtherméye, sethicals ofobainie pmafymg) ahdisolatmp chplesiervb hed/oif @wlasferol-

e S o S R S S ST G i cen

Blolomogéﬁﬁﬁ)r N%bbcﬁ@(‘] ) @ellﬁbé‘d eboghat@sdre PRIto&ls in Molecular

| esterol’-rel ated nol ecul e or chol esterol -rel at ed
BlolOg:so(erMeAus@eCeﬂ abefled9¢hobkat BragdcolnindVplepildr Binlogyi (BYiley and

t he S @& 00d sanpl e, which
Sons, W)’ %So‘ﬁaia'fl%ﬁg?foslog%c%%lﬁm?% 1 %& i c content or
i sotopic pattern of cholesterol in the blood will then

beudfteompangdly peifitdsaslelted] o ﬂidlmer&amzeeﬂmntebyles or
neasurenents of the jsot %pl c cont t.or isot Opl Cc

cholesterp-elatedorpplexsranaichn Wather ProprsssdbiOr isoppiqeRpient phjsgtopic
paﬁeﬁ@ﬁ%&é@ﬁi% ﬁﬁesbcﬁatrfﬁaﬁdéj (L4 nbt itk ﬁ) %ﬁéﬂ? c nE}QiEol%ls

ter processing the sanple. I'n so
therrna]dmelsqumgelcsidmdlrcdysrawhhmqak daestieationxt gn sicyletign, edtplaton),

the i spto | c.con ent i sotopic atter asur ed
aqueopIGraaR By BRI Esg BBt Al Bt R i the art
Punﬁ&h&l Il?ai’ﬁﬁ[ urff?éd%@ﬁ:st@@l 8f éﬂcﬁes@éroné@it&ﬁﬁl%[e@hl'eE et él}]cﬁ@bterol-

such as HDL or a subclass of HDL, and
related g@halleg@s mey be ctrgugatedciorghies malermtesrmaipr beartaliysish dor instance,

cholesg fg%%? ¢ dg%ngZSﬁi {cf {ﬁs@rﬁrﬁe&lﬁyﬂ?bﬁ élfgr?{/ar’gwte%%lo%P eﬁ&toﬁﬁecoﬁfgﬁt or
1soto;ﬁ@pa&tehi@1ﬁamg§1§al sanmple to purify, parti aI ly purify, or
i sol ate a chol esterol or cholesterol-related nol ecul e

or cholesterol rel at ed co inclu
| imfcberegnbodient the gsgfq IYZ%%eéﬁéﬁho eS@mtitor Cﬁe}ﬁstero related

moleo%#’ &%@fgsféﬁﬁ%ﬁt&l@%g@ }%@ﬁﬁ?éf#&@d bi &Héﬁvwe degraded to form

romat ogr aphy fast per mance |1 quid
smallmhndﬂmlesg rHyﬂryly@E Phethodsmeaselresay-mpéthsd kedwnirathe grtaiphipding, but

not lueﬁ?cg ‘%l US| dr ggg@m%g {)ceép}é%ﬂbrswg@/cfeblochemlcal degradation.

Hydr&#ﬁQ bf &’ék?éﬁaﬁ%h %aylﬂetcbﬁcﬁﬁdtécf éifHePBefotH drraBe e phri fidatig A th@0x
finity c ronatograp y, capillary el ectrophoresis,
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C. Measuring the isotopic content or isotopic pattern of cholesterol or cholesterol-

related molecules or cholesterol-related complexes.
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In addition, two or more mass spectrometers may be coupled (MS/MS) first to
separate precursor ions, then to separate and measure gas phase fragment ions. These
instruments generate an initial series of ionic fragments of a molecule, and then generate
secondary fragments of the initial ions. The MS/MS fragmentation patterns and exact

molecular mass determinations generated by mass spectrometry provide unique information
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S e h a t e er}lle ls'lueéremelsfts %gntgt%%ijatetdqle?qu lcgt% Be Eg}ﬁe& 88%\9&111 § broad

range of 1nstrument types. The above list is non-limiting.

In the present disclosure, two classes of isotope-labeled molecules are contemplated.
The first class is the isotope-labeled cholesterol or cholesterol-related molecule or
cholesterol-related complex that is administered to the subject. The second class is the
molecule of interest. The molecule of interest is the molecule whose isotopic content or

isotopic pattern is subsequently measured. The molecule of interest is contained within a
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The actual isotopic content or isotopic pattern may be calculated from data obtained

s_)

as described, supra. These calculations can take many forms, depending on the amount of
historical or baseline data available, the preference of the practitioner, the desired accuracy or
precision of the measurements, the type of instrument used for the analysis, and other factors.

Example calculations follow.

1. Measuring Relative and Absolute Mass Isotopomer Abundances.
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mass spectral peak heights, or alternatively, the
areas under the peaks, may be expressed as ratios
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administered 1sotope-1abeled cholesterol or cholesterol-related molecule or cholesterol-

related complex.

The applicant has considerable experience in the field of isotope label incorporation
and isotopomer distribution, and has developed a number of technologies and modes of
calculation relevant to the calculation and analysis of isotopic content or isotopic pattern.
These include the Mass Isotopomer Distribution Analysis (MIDA), and are described
extensively, particularly in U.S. Patent Nos. 5,338,686, 5,910,403, and 6,010,846, which are
hereby incorporated by reference in their entirety. Variations of MIDA and other relevant

techniques are further described in a number of different sources known to one skilled in the
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Once the MPE is determ ned, the fraction of newy

synt hesi zed nol ecul es or the extent of dilution by
wenwogenstis nol ecul es can be determ ned. | n bopdT/T8REE017167

the MPE is conpared to a value representing the

. [ ossi bl.e; nol ar, rcen Ln
ot iR BB R FgBE S5 KRB o2y R 288 e
and Mé@érmlbgm, ghd U rapat Appkdagidn Poe ¢RI 9B 99, elief, whibieare hereby
_ production of 2H4-cholic acid from 2H4-chol esterol),
incorpetated pEelstenchin PeBUHEsY. may be nmeasured and used
directly or as a basis for calculation of a maxi num

t i al _ . ' ie .

o o o B B Al Bl s iR ALE he
method &gadblioly dvhigatderfromt Professadap ddllatsedin, ddaiversisy ef €dljifornia,

fromsimlar calculations that take into account
Betkelgy.operti es of the subject (e.g., weight, body

conposition), frompurely theoretical cal cul ations,

and from ot hefrom@RRienabicens 4Pk estimati on

nmeasurenent, and retrospective data analysis. The

maxi mum possi bl e MPE may al so be determ ned

b
risetonici cegtenhier ivpEpicpaticnapa ba ‘éﬂl%ﬂﬁ%gpmaqbugggmp dataregllected
as desc':r?]l}eé,:] %1??&}. t]?l r?%?' %B‘ﬁ)'oﬁinfléﬁlt l 1¥cglbﬁg %l)l?tgn li?og@&ei? pQ{ttﬁg is expressed as

[ he case of utron o
atom pEBcehiNTeRARPH)) FoMeterintnehaBE dhe practiordPErsiidetehmines the
adniniitere i sot ope-|.abel ed chol est

. roj. or .
fractiogplcpbundasce Pt theisatelp AfdPieesst & B ﬁesquéwsmsaﬁ_t%% sgtope of
interes? %?%#e%f%d(}az% SPRk nG %fgt‘glé nf AR ASARlRt SPBE BRGS0t the

I eld of 1sotope I ncor poration and
isotope-$abeled whelestdiad or chlesian]-redated atecdlewos ichplesterl-nelatod complex

. technol ogi es and_nodes. of .cal culation rel evant to the
adminiSEF e AL STt BHRFYLr e e o Delfict fithplch o Mt from
GCC-IRMPH GCPARLVISusink B8 €olidHahs dguakiog, WhiSE id £ 8érRpA¥8in for the

Distribution Analysis (MDA), and are descri bed
determgratiomgififesiciionad abendenreaed ap isefope B:  Pat ent Nos.

5, 338, 686, 5,910,403, and 6, 010, 846, which are hereby

i ncorporated by reference in thei&n q&%ﬁety.

Var i at Fansiopdl dbukbare ot Red, #eliuagf_l—ebhni gques are

further described in a nunber qﬁ;ﬂbﬁ&@g&gt sources

known to one skilled in theart,&ncluding” Hellerstein

andNeese (1999), as well as Chinkes, et al. (1996),

and Kel I eher and Masterson (1992), and U. S. Patent
whereAiol7 is she rengNef popgiblE7isotapes of dhg cheserygipmhnayhicihehuaggnees are
nwam!n orporated by reference in their entirety. In

Addi tion to the above-cited references, cal cul ation

software inplenmenting the nethod is publicly avail able

f Daoe Prediesom ablmidantiels detesimixied, it Undongraséd tp thd baseline, historical

Califorpnia, Berkeley. b. Atom percent excess P .
baseliyig hegprtical baselm, ob pUFsBic g Erske Yaes By S Ry in
order fJ QR ARMOER RGN F8lcBnt@RbeBEABE). This is calculated using the following

equation:

APE = A fractional abundance = enrichment =
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as described, supra. In one enbodi nent, isotopic
content or isotopic pattern is expressed as atom
w@eream43excess (APE). To determ ne APE, the PCT/US2006/017167

practitioner first determ nes the fractional abundance
of the isotope of ,interest inythe nolecule of interest
(the isotope of ijnterest is selected based on the
nature E\E go cdbwmdoficdl pt er ept Abmdlanbed ,nat ur e of
the is Xpe abef g _chol ester gl pr_cholesteraql -rel at ed
mol ecul e or chol esDedbindascel; ed £onpibardarded; i st er ed
to the subject). Yhts can be cal sitbated fromabundance
data, such as that from GCC-I R-Ms or GCP-1R-MS using

where %lﬂ)gcf' Legrg#%tg)t I%giﬁﬁa 4&1’& V\?el% ercée@le%e }%@galo 85&@11&9 r

i sot ope Ic: Ce Abundancel y Fracti onal abundance
abndexhdAREds Getéﬁmﬁieql,shé frectioangecoty patisisizbd modetizpes the

of the chosen atomin which abundance e asuy ed.
extent o iRy PERETIOHBMOlRSHIa 5 B %tela@tlef rr'fbfébﬁ Cafiged qiit as
: I
dosoriFRTRALE Sul faf MRR 80D cHlcBI-AERE R D PRE S IR thegretial
maximpebABEN Sdclasaldﬂstmnskmwkncempwoahosiemfckﬂen theoamlet erm ne
the atom percent excess (APE). This is calcul ated

using the fgllo uat APE = Dfractional
abunda% jygﬁfpcﬂ%@ﬁ’%m«kﬁg ’§€F8€l€rp"6’€" refers to
enriched and b refers to baseline or natural

alpuhépReaxr dfsokeureNiBo®bi doatelitbEiktiopiethattes bftacexmasssed as
new y synt hesi zed nol ecul es or the extent of di

MPE qsyas éiilio Jdalgr seieentecrse 4s @mﬁtwsa&rﬁ%ﬁs ¥, 2pd rfersgo S motar
t

B O R R S e M Bl SRRl v

analyzod ¥$ mmpa%EEto tBelbisetiné sarhplt; h)stsneal dasetiondataport fredieted baseline

skj h t. fi t
IOt
relatecpl‘ﬂﬂfe@ﬁ“es &F cHo?é%%e?&'-{élaP&‘it doRdplenes aﬁcﬁ hRlecBlR o it dstase MPE

or as APE. Mol ar percent excess is sonetines witten
contergglatEiVie) tharpdesent disclotuge. t Nen-tiplitng grenaéostiniendeskle ipstigte the

thr ect to all possible masses of the
posmb?&!‘ia@%‘b? nﬁtgg’ O%ﬁ%ﬁé@&j as conpared to the baseline

sanpl e, historical baseline data, or predicted
bgsabiifg: Vi, ugs)estehblilefodas thslesiam] ecsntadmgrtwstammsjof BCin
i sot ope-1 abel ed, chol esterol _or chol esterol rel ab
place pighe pieemAntiz S Boms bR abwylapemipplegwles)gpgy be administered
f
o RLESL S5 L RUE1E Sy ORI Bty (RN G5 RRkin he
isotopid donsint at Botop pattern of cholesterol. In such a case, when combined with

baseline or similar data, the EM, (representing, in addition to other naturally occurring
isotopologues, cholesterol labeled with two atoms of 13C) may be determined and represents a
relevant measurement of isotopic content or isotopic pattern. Alternatively, cholesterol from
the same sample may be analyzed by gas—chromatography(pyrolysis/isotope ratio mass
spectrometry in order to determine the APE of B¢, which would also be a relevant

measurement of isotopic content or isotopic pattern.

Scenario 2: 2Hy-cholesterol may be administered to a subject, and blood cholesterol

may be subsequently analyzed by GC/MS to determine the isotopic content or isotopic
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possi bl e range of nethodol ogies follow Scenario 1
13C2-chol esterol (defined as chol esterol containing

wo mwealaess of 13C in place of the predom nant | RCI/RS2006/017167
atonms in natural abundance nol ecul es) may be

adm nj st er.e subJ and | ester
patterso lsSetlost POPHER G 2apisy Mo oo s R the EMy
(repreée%ﬁﬁ@ Fih ad@ifoh &ﬁ&th&rndt@awmo@mﬁa«ag fs@tbgoleguésh &t @b0lkbeled with
I n suc a case, when conmbined wth baseline or sinmlar

four atgatsaf lHiénEE’I\IB? c(qt@pm@g]eqap(l.rp@esqnts sigthventgneaspregtant pf isotopic
conteq?\n%% ﬁ%ﬁ R RAIE %c N rAllftg]r%%; P}; Q02 z%l%ﬁ%g?e?ol fﬁﬂl‘f lth% %lamb?ek}ﬁg}ege

ermne

analyze@ BY %aﬁamnﬁtcrgeé;ﬁlwwomﬁamf@amto ohss s@eétmarwmmreemto
or 1soto attern. Alternatlvely, chol estergl from
determingthe |vgluﬁlhy/ogléi aé?‘i’ahe}ﬁz@ Vgt measurement of isotopic content or

. rorrat ography/ pyrol ysis/isotope rati o mass
lso":()pgzgj%ﬁfsrometry in order to determ ne the APE of 13C,

whi ch woul d al so be a rel evant neasurenent ofi sotopic
cBeenerio 30tH4-cholastrral mat beadminBterhiol asubject, and blood cholesterol-

ester %{%%%S%%%%éﬁ %%IY%gg’Yégng@eﬁ%ﬁgqlé%gﬁ% éjpkﬂ‘e ggrhsnt or 1sotop1c

patter$6f B 1dsteréle IR kBN cdsB OvhehUotiYikedGHHIR BaNelifd or similar data the EMy
i sotopi cpattern of chol esterol. In such a case,

whe
(repremﬁbgne@ddﬁtlph toaiher patarally ogturtingisowaploguess shatsaterol- Lester labeled
{
with P SFREH A8 BRI MR BB Bhlement o i

conter@lod tdplic ﬁé@ermwlt&ﬁa@ﬁlﬁ rcl’(bl@@téroa Bsterr RpmahesHnte @ample may be
rel evant measurement of isotopic ¢ontent or isotopi a%fto

analyzegtby egaprchimagogiaphyy aysplysish e%oeq?srréféff RSy SPPP%?HI%%IHSO&
deterrSiRERlSA PRY s B8 Rfidh }%ﬁfh % be relevant measurement of isotopic content or

gas- chr ormt og’raphy pyro yS|s I sotope rati o nmss
1sotop$qom1termrretry in order to determi ne the APE of 2H,
whi ch woul d al so be a rel evant neasurenent of isotopic

tent tt
2 th- Gt e PG Ty B T ral e lgfestere! g
Choleblefi1 e Lind 1RSI ENI8Y BSLIRIesIRY-RBrEL SRRt | Y anal yzed by
GC/MS to determne the isotopic content or isotopic

pattern of cholesterol. In such a case, when_ combi ned
wiThi i99apie ¢apdens or sptapicpatigat of the Heolesterol prsholestereliglgted
t
moledlugeoﬁgcﬂbfegt%ﬂbel ;rglaﬁl:?l Qﬁ&g{@rdglﬁg&%{e@g{sﬂ%&] il ghe blo]|$ g cgbsfangnll'e may be
compakd tx’.Si}he I’imtolhe cﬁiﬁémrdi’msw@l@paﬂene pf ths eﬂumpleallydhlmmhctholesterol or

ure nt of i1so t or. ispto
croloEREUETERL O St opLe SonLent Or LDl OpLE ALY e
subj e&aﬁ“hgeco?xﬁﬁhﬁ’&?ﬂlo%’s fgﬁﬁhe%gfcﬁﬁﬁbﬁ 9F 8ihtydn RYERhBESdndogenous

| sotope-ratio nass spectrometry in order to determ Re
mOle(IllﬂﬂaOm@Er&Sf Ditiashéquiatiows dre kadwoirbibe artragfl @xeadescribed, for example,

oy R S8, LB SRR 538 BTl e

moledtﬁe@ﬁt&Qatgw kigsile@hBlestefol into blood lipoproteins, which corresponds to the
efflux component of RCT.

InfusionRate(labeledCholesterol)
Enrichment(LabeledCholesterol)

DilutionRate =

— InfusionRate(LabeledCholesterol)
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Chol esterol -rel ated nol ecul es or chol esterol -rel ated

conpl exes. The isotopic content or isotopic pattern of
w0 b@oaimaBest erol or chol esterol -rel at ed nol ecuP€r/v82006/017167

chol esterol -rel ated conpl ex of interest neasured in

t.he b|o to t i .
aB Rpereafing Bt BRIEapt bprEFRIRICRY st i § MpRPufulsion
is infude@¥6) £peridAUREAEETHicionit t6 Aehiesd fEly-stfé Riveld offplag@s lcBolesterol
chol esterol -rel ated conpl ex that was administered to
enrichmp. Slaspacempiesiage teberppgriodingllydpEng thegniusipa, and the isotopic
| ati f
L S
supra. fll’lfé oﬁaﬁgeﬁiﬁdsoadslﬁc desgeition Mtoﬁi@pat&xmmadre]mdmy ubial ﬂo&feﬁrmnm: the
et al. (1992), supra. The rate of dllr tion 0{_Ra:%%
steady sigterlevl o I%OB)FH%?@F?H" REIHPIGRAtEERSWEY pyfae half dife,pt plasma
cholesfeldiS Tﬁ?th(fg‘%sg Sth@f 109'0? fhsnh R ‘1;1%'1 Bew b‘é’fHefeE‘mlned directly
corrésponds to t e’ e ux conponent o
using the éqnmtlon RhtveQdlel chhhﬁbn rate issthekjme ay the rate of t:hqles;ceral ¢fflux, and
lutio

represdti g FitE AL Elftaag%%%) SPREP Pfﬁﬁef{dﬁgg%ﬂﬁbeg? fadig i)

st abl e-i sotope | abel ed chol esterol suspended in a

| TnRjtiskr @ Abodinthtd & thoHidsiBsurt G partRBldr Bhse kvteid@eady state
sufficient to achi eve st eady state |l evels of plasnma

enrichwipl afsheehsllestaipl arivhelesterabirelated malpgplear %wbeSteaqklerﬁlated complex
of 1ntepe“:§{f[ 21?])][ &ﬁné\)éd E'cﬁgulg{}(?rtl gf;]tﬁr?g %ttﬂﬂ%coﬁgg él?to f IRl%r;:f %%prh&e complex.
Howedr mrrangsammb eppdaﬁanﬂe aﬁlabeléd aboldgsrot mbﬂrdﬂestmpkmlateﬂmolecules or

hange in isQtopic content. or isoto att over
cholesierplerelated: ompIiSS dLPIaFTR F RS @é‘dﬁ aifediaticallg Japogt in plasma
I
o 505 6B 0 RELOBLCoRphAGES RET B fed g o
methodsofathe predé:riudﬁsctmuwt by bsssrfiequattdnssind mﬂthemwlcbletechmques that are
determined directly using the equation above. The
well kpoWR it R 2fate is the sane as the rate of chol estero
efflux, and represents the rate of the efflux (Ra)
conmponent of RCT in the subject under study. In other
enbodi nents of the disclosure, in particular those
where steady state enrichnment of the cholestero
choF dswlating bF saoksia ohibe sGRIFG teminTigYaslieiceral gpakiadhe body
conpl ex of interest is not achieved, the cal cul ation

Oﬁ"hé ﬁglm&ér g SUTRER %Qﬁ bOEalBHtell By TRY ﬁeﬁq@@ﬁl@é‘iosed herein, by
g as the appearancé of | abel ed

use ofcah(eqeaﬂoarduhved fromathe sffbxaheded] at ed nol ecul es or
chol esterol -rel at ed conplexes in plasma can be

descri bed emat i c Y £ apount i ma from
i nfusi on agﬁgqfﬁﬁé?i )ofﬁ%ﬁﬁ%¥?ﬂ¥ﬂgR%$§qu conmponent
of RCT can be neasured using the nmethods of the
II. DefRF-mBRAY thd inflécadaifBix rbje df3ke dpagie|upéstopgtsryadashponent of RCT in a

~mat hematical techniques that are well known in the
subjecir t .
In another aspect, the present disclosure is directed to measuring the hepatic or
excretory component of RCT. In the hepatic or excretory component of RCT, cholesterol or

cholesterol-related molecules or cholesterol-related complexes are converted into bile acids

then secreted into the gut lumen, or secreted directly as neutral sterols (biliary neutral sterols
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E. Calculating of pool size of the rapidly
tur ni ng- over chol esterol pool in the body. The rapid

WO e00a0vEss pool size can be cal cul ated by the neCHUS®06/017167
di scl osed herein, by use of an equation derived from

st S LoD Rl R T o )

excretahﬁ@y’abéget@{mlﬁg&r etory conponent of RCT in a subject. In
anot her aspect, the present disclosure is directed to
measuring the hepatic or excretory conponent

RCT.
1h AABINFGTES Qreo T8 ﬂ@(%gﬂl@dﬂ%%?ho Iestergicor, c%olesterol—related
e I -rel ated nol ecul es or
mozea@%% 42 %?%J(Olq a{bgéé)% exes are converted into bile
aci ds then secreted |nto the gut lumen, or secreted
dA siableliyotape labelted aholssttmobblsch(olﬁsteircdﬂylatedunmladpule or cholesterol-
sterol si ncl ude bi.l e chal esterol) con u
related ey 15 AEHATPHY 5 ACHBHTD SHPG: A7) f&od i (fn?lﬂlstraﬂon or
quantit§eEsRbR- B8O BibdrdabE REHas ddscrilbdl fipgd.ering one or
nor e |sotop|cally | abel ed chol esterol or
chol esterol -rel ated nol ecul es or chol esterol -rel at ed
B riphteseéng ong ox etk dialegiedsampiesel ed chol esterol or
chol esterol -rel ated nol ecul e or chol esterolrel ated
o@ﬁfﬂiﬁ% g&'l%tﬁ%tﬁatu%fl o t&%s&%@c fa'b@l@@ ch?lgﬂér% AERH1 RIS related
e o0 m ni stration sta e-1 sot ope
molecilabethatesterbkrelmeticanpleesdriologital smml@ls oBtaii@iol, Vhémgeasuring

bi ol | Af t, [ . .
the heihaion XPIarY GRTBAHEDTE! RC by B sathelbar D ardivablyionhin fogpl il
acids a%ﬁ PP haNRl stef)1at BEk ARhIRE B 8ickgi&d @iuﬁﬁl%@ tRdir fr@dpié‘h@ﬁ and their

conpl ex, a biological sanple is obt ai ned
timingrrea ey c‘nagemcheg e different dactergc Seﬂofaytoes:mpblde.rhut @te not limited to,

the natﬁgrgftstﬁghﬁ?egg&ai Isa\{lmﬂ!%llﬁt arg?e talg % elzt?f g‘fo nt %J%}é)‘fo%ma? reitg constants or
metabSlicbedaiioabs S ¥Rbesierdl Betholdstaluenitad maReulk be tholedtefolheelated

can_vary depending on different factors. Such factors
compleshef inteacst. e the watwistof picandidae thsranyHbatia admiigered fa subject.

ThereE% glb%g%n@g(%) =2 Eg;lle 't %e%gﬂecﬁ@cf ?&rﬁ %e a idtf%on o? thteﬁséotope—

cons nts or avior o
labeled bigdlessdrel @ chotestehsitrelatedrmoblecidt at e}d)lafstdrelemlaiaecbwomplex, or it may

holesterol-related compl ex of 'nter st, and the . )
be coltgieghaBeipminisiAar T €ORrasiFr ha RS Hi i oD er edinpgediatcly
after aglg}f‘frim& %ru:iﬁ] ﬁ)drﬂﬂlng@mgﬁ b¥ssQREr &ﬁfﬁﬂisﬁaﬁéﬂ pridMo REmple

ecte g the admmnistration of
collectiemt Impmbabﬁioddn@m,ohelsmbrblblocmakﬁamm@tm&}dbe ¢0éleaiteé dirom a subject,

a5 54 G B PSP AR, BT B ol

may bt BBtafRAP The BEl0g1€al GAMDRS i Ye seddedensifveBTas described, supra.
adm ni stration, or a period of tine g pass after
In onezaphodingentahe bile peids pm(i) bllesgqu@qabsterols may be 1solated from the biological

sample or samples and derivatized for mass spectrometric analysis.

C. Measuring the isotopic content or isotopic pattern of bile acids and neutral sterols.

Isotopic content or isotopic pattern of the bile acids and neutral sterols may be
determined and compared to the isotopic content or isotopic pattern of the bile acids or
neutral sterols prior to administration in order to determine the APE or MPE of the bile acids

and neutral sterols. This APE or MPE is then compared to the maximum possible APE or
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collection. In one enbodi nent, nultiple biologica

sanpl es may be collected froma subject, including
watweol11948% i ne, and bl ood. | n another enbodi mMenPCT/HS2006/017167

single biological sanpl e of bl ood may be obtai ned. The

i cal sa Lal
wPE £z Bl 6c0s EPLE SRt B8 RS A B bty
measu@l@mhhé §ub|]&iﬂ taftéﬂ arﬁdp@f@r&td@hdﬁ&)f tisdd, elegsbtbpio Efbﬁtbﬁ’t or 1sotop1c
bi ol ogi ca | e or sanples and derivatized for

patterngyidlag w@mwah@ledwap%ﬁegol occholpsderak-reged melacylstos ,sh%lesterol-

t
relatedsct%{e}l ? ‘chgtlr 18 lb?l%g ?gﬁ\gegfr%?téé] ?fl@ a&&ss %Jt rge%tr"éllcétgﬁ Zr@ﬂmgf 9{3{)1 @la
calculdidd RoadiiAsri@hdatasattidesived fromahs 11lmatu1kme ]]iei‘smnmf niedlolssacyed APE

or MPE ot iy P Q6 heTa FerRd o FRFTeS e SpiRgh DpsTble APE or MPE
of the %ﬂg@ lgllelsa{cf POt lgfé ﬂeﬂ of 4651 §1]Qldg ?ﬁeeﬁ?feg%ﬁ OE% HfeGcR! or'\ﬁ% Rfitral

san neutral stero APE or MPE is
sterol thhiein dedveulafired RGT .t Tee transpom wr pm&t%reoﬁﬂtﬁﬁsotdvéﬁalfe&wd

t he bi [ | st | t hi
cholestegl) oB bR BTG By bia eREi TP e dubyeiais By,
manneRRBE RéYatid b ei@étbﬂdcd?xfl dnefof ROE (FIEATIIP 1§ c 05 188dsud.

i’'sot opi ¢ pattern of the i sot ope-1 abel ed chol esterol or
chol esterol -rel ated nol ecul e or chol esterolrel ated

chagitienaliynwhen thefhiolagicaloyanwle isgtaod thy isatonic egtegt or isotopic
%q% I o be cal cul ated from
pattemh 8?%)[821?%&%%213’& eri \flﬂe "fromthe literature.
Di vi sion of the observed APE or MPE for the bile acid
o]Fecabdtoﬂ@ters]Irepmkerm ar mlmrm:at frigion loé theeshiolesterqd osmpiddefrom the
ane bi.le acid or, bil e ne

VP ut ral
body UG} Al SRt the SOIRiF CHRSE B SBICPIe BALE iS4l pholestero
can beHRsstRl wieR R bﬂb cal SarfiSIE iV R6b1f 10k Beleted RportiGSMiAtktinal
or conversion of e i sot ope- | abel ed chol esterol or
lumencholeststod nsaieabser@déobmﬂimtremte@tmﬁé inagta Andreegnigrs thesplasma pool

of mrcglgﬁpg tc@ 1§e:75u£%r8§.rpg]ﬁe 1%;#}(1%? %arrea F ET% &ygféhteso'f ggt%t 1r%uf21{1n% cholasterol in

the plaAffichd=08 &ak ¥he ivhi6pic cBbRtehl &lig@bsiabatsanpl exdréted thslbsteroheannot
I sotopi ¢ content or isotopic pattern of chalestero

reliably e elirpctiapeparetbinanyibitagicrsaplectibirdbanetionl. 1o prdss i pyercome
this llrgﬁat cg‘P ﬁ{e 1%8%%&.?81%%511:058}62 ! eé]lg %at%}ﬁ lo? g@ﬁ%@&gg %g@?%(%‘iiltésro? m

cholest20lt cnting¢adi eaiet@minedafidre lnnn-efool bmbd gl(ﬁalh sdmpltsa rBile clariesterol is
be measured when the bi ol ogi cal

tpoal. On
conve Y SRIFOTHESHBRL PISFOSP HRSESIURE D B Enor Bdiis praeganol,
coprogtﬁﬁﬁé od'lgfégtaﬁl:)p %&l@ﬁa&ﬁl%tah@ 'e?&@ﬁxro'stﬁﬁé)l tThRgd chof3fbrol metabolites

re-enters t asnma circulating chol estero
are alsBreabisbrbied gnd fire dmtebuﬂed ﬂhroughﬁue theehody, miltihg dlerrommlim«gther

er.ol nth t the isot
tissueg i GRS ol g aPETGH - OF el afie i et wpgdiment, the
1sotop?caébﬁ%t bﬁisbﬁgic)balﬁ@nﬁéﬂ tﬁ@s*e'c}ioléﬁtéﬁﬂl krREhbollte8 Y mbaskddinG@ine. In
anpl e other than stool. In order to overcone this

anoth¢r|emttoétm@ﬁ,, the kretdpioemytns ot itapin pasiern efdhessi cémbaﬁefqé mpptabolites
is measureg 1 bRBEC l1'fh|e (I:SOI:[r(?ptlg Q Atéﬁt%% 1s%ft0plc pattern of such cholesterol metabolites

is the same as that found in bile cholesterol, and such a measurement can take the place of the
direct measurement of the isotopic content or isotopic pattern of bile cholesterol in stool. In
another embodiment, the isotopic content or isotopic pattern of gut-specific cholesterol

metabolites and bile acids are both determined from a single sample of urine.
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chol esterol can instead be determ ned from non-st ool
bi ol ogi cal sanples. Bile cholesterol is converted by
w@awbnoi4e esti nal m crobes into a nunber of nePebUBiWE817167
i ncl udi ng coprostanol, coprostanone, chol estanol,
est an se chol este
P05 PRET af ot E Bl EoPRE shlIRER o7 arnRR Gl sy, and MPE
or APE RbRUgheWetckMtheB A8 YesciBd, Rgptahei r way into ot her
tissues and fluids, includi ng, but not limted to, the
bl ood and urine. In one enbodi nent, the isotopic
cBnikaturenetosbdpredpact din of t hese chol est er ol
metabolites is neasured in urine. In another
eqhodh el t b MarBa b Rhufrent
o?ﬁtﬁ*se cﬁ%ﬁéﬁ%ﬂg}gf& 0 %&??ﬁgslé&gn{nggs%&gd in % 00d.
beforerTafuesmbammmm of élethepatld saixoptay gampenent of REUC HThis serves the
st erol net ahol | i s the as t found . in.
purpods Gl Rhatecibe BRTons o Ui rute B an i ke SuRgets it
differddt BAE aQfl pbHIsibls! KAlalITRATH tﬁgﬁ%nﬁﬁlaﬁ&?of tﬁ@bﬁ%’hﬁe mass of
cont ent or i sotopi c pattern of bile cholesterol in
isotops{lahsled dhnlesisodl lve chadesierdl-redated mo&mculeszfﬂ@tpre@t thatris epuvesied into

Nk ttern .o
vile a0 5 FosBRhe %S e Bbi R ST EasPRR S EBIC e dprived from the
admin$stted Botopenate]df cHé[dsfé@ollo‘i eheipéterot eslited moddcules@dbephimed as
attern, fractional nt hesi s or conversion rates, and

descri S@Pra)NFlEt\PélP@lbgﬂﬁrllé echstdpenl 58 as descri bed, supra.

D. Measurenent of bile acid pool size. The total

a o L . I

By Blto €id POk UiichiRob £ BELARA0 by ihe EluTindfiod, wherein a
known hmotvepdinh ¢sotopedabeiet biteyadidispuinenistendd tREBubjEH, snd ftaregperiod

o timb e G bS5 B B PR ol PR g om o
samp@%t ﬁmmﬂé sathfI6$  TIR Windtnkt ef\@ﬂﬁtmn dhiRe B6loPs-MbRRIIHIR 20fd (i.e., the
bsol ute mass of isotope-|abel ed chol esterol or

reducf@mne‘é]ﬂé poMRtefoa thechileicikinl quegiion) ar brcksextiapelatipn from the curve
Th| S . .
shof iTele Gt o PLRPR e S R PARHAE MTRR bl Il o

in theddbiedtl st ered i sot ope- | abel ed chol esterol or
chol esterol -rel ated nol ecul e (determ ned as descri bed,

supra) multiplied by the bi)e acid pool size. The bile
aci d pdofld ’§1qu’§”é’éf~9€foﬁ?ﬂ%}?ﬂe£gﬂe le, by the

di luti on net hod, wherein a known anount of an

' %ﬁfé%‘? %dré‘ﬁ%{o%g 1 & Bk é&ds%n@ﬁﬁ@ ﬁn%h%ﬁe%’d 0% sibject. If

subject, and after a period of time, the isotopic
measuromertritf thrr bilesasidpid sizatis wrbe c@frmi ¢S carduarently wid the

ect b3 determ ned froma sa
deterBiiiFEee bR RS G PR SRR R R b et
acids Riill Be BHERA diff&ently then fRASGbbieALY l&bAE’cEcl@d’led‘bﬁEl 61<1Ehole|3térol-related
bile acid in q][aestlo or back- extrapolatlonfromt

moleculf Qrecholestsrdigeleisd Xof-2r derlilq anid will hplbeled ppth ﬁogr
deutellsfﬁlglﬁggfe}tgﬁls,caﬂdqﬁg cﬁo StedrOF \9111 Bgalﬁﬁelgé V\)ﬁhlt&fo aI‘d Qtofn@. t&l‘?y number

of isotopes may be used as long as the bile acid and cholesterol or cholesterol-related

molecule or cholesterol-related complex is labeled with different isotopes. Alternatively, the
bile acids can be labeled with the same isotope as isotope-labeled cholesterol or cholesterol-
related molecule or cholesterol-related complex, but administered in a manner that is

distinguishable from the manner used to administer the cholesterol or cholesterol precursor
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1. Adm nistration of isotope-|abeled bile acids. One
or nore isotope-|abeled bile acids my be adm ni stered

W0 e0oa/184B8 ect. | f nmeasurenent of the bile aci dPEDUE2006/017167
size is to be carried out concurrently with the

(5. SEEEERTSR! LR 8ok 16 1B B LSt ARG e
lmownltalqgjsggqub(ﬁﬁleﬂhsgﬂ} y than the isotopically | abel ed

chol esterol or cholesterol-related nmol ecul e or
chol esterol -rel ated conp the bile acid wll

paritehlsdsatepanabeied bikp a@émnémde ﬁhqglmm%t%xw degirtrhplipacid,
deoxyc%%ﬁ% gtr?l g{n%,ll éhohg ?mhalﬁg éjeﬁ%&ﬁm%ﬁﬁhé BloeRHHIE acﬂﬁg}‘nay be

used as long as the bi
cholic a¢id @r a]MOdEmdyeBdlmr aelid. dsotobeﬂ thstt reaybe nekddoekdbetnigabe bie acids

or chol es erol-rg aked cenplex is |abeled wth
mdud?hbflf@leé‘ﬁf i e‘lél 3&\}? ﬁgtivel y, the bile acids can

be | abel ed mnth the sane isotope as isotope-|abel ed
chp 1@&5&5—%&%& bb 9&1ﬁ§ hﬁ&% raﬁhﬂ@t@reﬂ%hrﬁ@l%l@o@ﬂdy with, or separately

chol esterol -rel ated co but adm nistered in a
from, thre frogapetlnlzied @OéﬁS@mlrfgw; Qllfrstthé-mlﬁ‘@dani@Guﬂmrm@holﬁét@@lﬁiated

adm ni.st.er t t er o0l t.
complﬁ,eé c El:'hg dF(ttgpe-]eabgl ﬁ? }pﬁez.'ﬁl%%% artela gmgtsﬁ S}g %ulttable cehraer ata
predet&@ihédnduse andlisetdpes coditeit bnBoioplatkiterd &ﬁﬂalbl@&am&iré include
known to those skilled in the art Sui.tabl e

saline s@@&l@p éuglwéldé grpisiensaaddatralipids, ea#mlmétr%ttqncpf labeled bile

acids t? Q?lﬁ k aéy% iber O e?r%g ghglrgfg%%rﬁ)t%ﬁ dsupf%ﬂ qP oge e embodlment

b11eacac13|eﬁ15adram1§nﬁed:bxalllyc acid or chenodeoxycholic aci d
| sotopes that may be used for | abeling the bile acids

i nclud are, n limte 2H, 13C, or 180 The
i sot opz Qé} FESS B’l{’?oé"cé’éig%plgray be adni ni st ered
simultaneously with, or separately from the

iAﬁEP@?eﬁcﬂbﬁtﬁ&% @fnﬁxﬂs itArsanpy conbihiag bie atids ﬁl o'ﬂteﬁﬁ)ed The
nmol ecul es or cholesterol-re at ed conpl exes.

period;of gispet Wedseidarinisirpiéorne igriong-tabgleibHp geids arl Mleﬁtlon ofa
blolog§c%i %a%gélg m gr‘{a}éfe tdelge%dﬁlépc{ gtg? %&% e}?lﬁ&@ éﬁ&@n@#@aﬂon the nature of

the sulsjactr(e.r, $hd dpetivsler disdase staealfuhe mb,] ect)t thglcjamee ioflsotope-labeled bile
enul signs and intrali pi Th tratl n of

acid, and Ees dpokrs knewd tpsthoge %ﬁ%ﬂéafg 1551/0%1 sHRRlsEraye

blood, rs%g GRine@dr %ﬁﬁﬁér of Hihlb c:alI é&nﬂﬂhe "ﬂfébtﬁglogﬁ:ﬁf sanfilé fray be the

acl s aré a red orally. 2. Cbtaining a
same ialrrqjle)ga MIIecEduﬁcprl céherA!ﬁdaeuremep‘srqf ashtagfic coment oaisotopic pattern, such

as for ?‘P?éi gegyﬁr%&o rtrﬁ} ﬁg}%gtg{ Séegc:gpe Q}%Chﬁjggﬁéﬂ ogﬁ%é[? (%ee secﬁon II-B,

supra)l SOt ope-| abel ed bile acids and collection of a
bi ol ogi cal sanple nay vary, depending on the route and
node of administration, the nature of the subject
( Onge colteiedsibe saeBlegnaythesrasessest efRartial th@ceééﬁsij aed bile acids

may bb 'ﬂ)ﬁrlﬁg&l 1&0%‘[8(&, or %gltt%ﬁﬁ phﬂﬂg(h,%.g dQécln%ed, supra. Generally, such

manipulations are known in the art.

3. Determining the isotopic content or isotopic pattern of bile acids.

The isotopic content or isotopic pattern of bile acids in the biological sample is

measured and calculated as described, supra. The bile acid of interest is determined based on
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acid, and other factors known to those of skill in the

art. The biol ogical sanple may be bl ood, stool, urine,
woerooany46t her type of biol ogi cal sanple. The bPGI/U§t00&D17167

sanpl e may be the sanme sanple as collected for other

e RSB EF RS AL IR ORI AR Bl ABSEIEE PR o

receive RV Y 1&AS RN EHcetitat i3e bf EHehsl Rodcid) thart dFsuitablebilk acid of
Once col l ected, the sanple nay be processed or

interespwetiddtel gholie acidsanddhe WHA of the Midpeieperagr weuld be defeanined.
] d r rti.all .1 f4 ed, as described, supra.
Altem%e%%tlls}?g%??ﬁsogc nsﬁéﬂ%epa/uﬁt%ﬁﬁ%%lé are known in the art. 3.
Determ ning the isotopic content or isotopic pattern
of bi | £ Gdidatinglthe bils atidpiool gomt ent or i sotopic
pattern of bile acids in the biological sanple is
asur ed. and calcul ated.as described, supra, The,bil .
AEREpa Sizh b e e Aoy we el e RrRbs un s fowine
equatiéfie 1sotope-|abeled bile acid admnistered to a
subj ect. For exanple, if a subject receives a known
vol ume and concentrati on of Zm-chog}}g@aci d, then a
sui tabl e bil Ci . 1.nter.est ul acholic acid,
and t he NPEBﬁ?Q?ﬁga%&aﬁggF&%%ﬁ%%ﬁmqupg be *det er ni ned.
Alternatively, the APE of 2H may be det®mined. 4.
Calculating the bile acid pool size. The pool size of
t WRerd M@s@J,d % the niabeinsithing of istpeiebetialitdleichibaliniaisteged to the
. the follow ng equation: BileAci dPogl Size(g) = Mass(Q)
subjech P RpEisige m%mmeyémwféhwg@egéotwg%leé hide agid s
i o ' I " ) Lo _
admin| sy 8L T Mg AR 6 it o B T S OF R g e
acid isbtoposieabl the boddgiqrd shraplel ed bil e aci d admi ni stered, and
MPE sanpie is the peak or maximal nol ar percent excess
of the s bi Le.acid.i sotoponer in the biol ogical
sé‘ﬂﬁﬂ%‘fﬂa ogp %?aélap%qm. of this equation is: APE
Bi | eAci dPool Si ze(g) =Mass(g) adm adm PEsanpl e
APE

adm APE

adm
s

BileAcidPoolSize(g) = Mass(g)

sample

where Mass(g)adm is the mass in grams of isotope-labeled bile acid administered to the
subject, APE.qm is the atom percent excess of the isotope used to label the isotope-labeled
bile acid in the administered isotope-labeled bile acid, and APEamplc is the peak or maximal

atom percent excess of the same isotope in the same bile acid in the biological sample.

Alternatively, the peak isotopic enrichment of the isotope-labeled bile acid in the
bloodstream can be extrapolated from the shape of the label die-away curve, by methods well
known in the art. The pool size of the bile acid in the body can then be calculated by the

dilution method.

E. Measurement of the contribution of de novo cholesterol synthesis to bile acids,

neutral sterols and cholesterol.

Optionally, the contribution of de novo synthesized cholesterol to bile acids, neutral

sterols and cholesterol may be determined simultaneously while measuring the hepatic or
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where Mass(g) admis the mass in granms of

i sot ope-1 abel ed bile acid adm nistered to the subject,
WQ@RHBcat¥Bss s t he at om percent excess of the i soPOPESH8ELT167

to | abel the isotope-Iabeled bile acid in the

ni st er ed i-sot.ope- Iabel a and_ APE

excretdty S Bl B BT R Merair it Bl BF kit B oplimpB T,
cholestessta80@r bﬁblédﬁ@oﬁ%e@fﬂo%cﬂ&h énd/or ¢Hvdeskiroll@Bitedomplexes are

sanple. Alternatively, the peak isotopic enrichnent of
convequetmbsl@ta@éaqréb@p@é ap NPETah S1CEPLS. 3 RIPRESHIVBOMTNPASHIAMCAR1S

h o I

descrlt%% 18 )§é&%88 %1%‘8{1£f9ﬁ]¢ I%ELHI%. ES%?neOl{ heeﬁgis taﬁﬁ %ut%l%fe?ﬁf@ MIOWCVCI‘
are dexti)sfredtfﬂﬁn bhélesta@i that Is siyhibedigedlydecaavo i ére lber Oﬁd)theld tidsedh dmymg the

the dilution netho . asurenent of
period 06 AP BEmFRPIACT Fober bapond: mgmnggschpk?%rcrléemwed

from of i @8suel e@% bdbo éﬁ(ﬁ\?s‘&gﬁl ﬁfﬂﬁw&@@é §§1to%5§§|w 1@1’:2{@2{1% l!)é’measured by
e contripbution o ovo Synt esi zed cholesterol to
isotopdz}bas&da@ﬂlds],uemmnaswibesitlemhs Mensiiretohted e mobo olegjesteol synthesis

and iSRS M SRR HE lel FpTES R Bl BEhon o
candida@RBEhLEy RIfluBNEs Asehls eﬁlamgnﬁehdetmﬁgémeﬁw 886 RpotHive

and/ or choI esterol -rel at | ecul es and
informgtion eencerning Reflaliws dothp edividualr & onewvent magsyrempnt of the
repai 6L el SRREALECRG LM BB FIAL o1 4 PROSETRR s

to bileSidjds @r n&arae sﬂétdlﬁr@cmﬁﬁecﬁﬁﬂprbewthahleailﬁémblﬁ of higyigspatic or
are derived from chol esterol that syn si zed, de
excretoygrempenen of Riyla  Bid a@dsand rtqugrglu%%ro lﬂerlmffr terﬂ%l g henstic or
ar
A e oA P G R AR W g ., supra.
Bile a@és derired dlomh des tz@xroodhohaﬁtwﬂesgn&emsam meacered es dbdccibed; amfra.

al sq .pbe asur ed i,sot ope- based techni.que
RemaiiechiRepetions v ANeHE GHSRE A QR oD U gk Agedy resent at
the tnﬂ&ﬂd&ﬁﬁﬁ&c%@nﬂ&ﬁh&&!ﬂeﬁhﬁﬁi' on to bile acids may be

rel evant to understanding the manner in which a

candi date therapy influences di sease and may provide
cM@gwmamtaxf e v ehispestarplaynthesis pndith epnteibwiey teibilg aRdy,
neutrai %}t@f&ﬁss or ofeg%rdl nd ﬁi\ééi%ye% by a%mﬁ%{&@gtopg&gﬁn%&? g@@he Ubeled

I'C Or excre onponen

cholestol Ifrb&utﬁdr@ nAGkr ﬁperﬁtiﬁk&f tihgldeghe bﬂhftéf}thﬁ hdsingstiatoof #he one or
acids_or_ neutral sterols in a subj ect nproves the
more igpigBeniabsiedchalesternd PFREHEOTS: OB orReIednelP 910 (fonpyising bile
acids, Eg iral Blek§ls BEETeRRgl RE YL S t"ﬁlre?éoédﬁég ch¥est drhi eﬂa@ gattem of
atic or excretory conponent are neasur
the bﬂdeasxds; dhetbsterolsemitiabsterold; Ar t]rtulmtghl 1het@bolepinghesBishmples is
aci eri.v from nov chql estero hesi.s are
deterefed s oS A e RS SRR a6 11781 G 0 ogQor promass of
bile adifdO&Siv_H 'fﬁ%%gﬂevﬂ %?ﬁt‘ﬁ&m%d dRldsigsl. from bil e aci ds
al ready present "at the tine of commencenent of the

experi ment .
1. Admmzsz‘ermg an Isotope-Labeled Cholesterol Precursor.

excret&fly

Modes of administering the one or more isotope-labeled cholesterol precursors may
vary, depending upon the absorptive properties of the isotope-labeled cholesterol precursor
and the specific biosynthetic pool into which it is targeted. Precursors may be administered

via any of the routes previously contemplated, supra, or by other routes known in the art.
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Measurenment of de novo chol esterol synthesis and its
contribution to bile acids, neutral sterols or

w@ebh@basas ol i s nmeasured by adm nistering one PCT/IB2086/017167
i sot ope-1 abel ed chol esterol precursors. After a period

time uring,or after.the adm nistrati
o s B dticshan? gl ob el B s Bl PPt 4 B
level &?f&uﬁbp{wﬁmn&ﬁé biefithes FlRid/6 MG sdreoidsupddyingewshradool for
sterols or chol esterol are collected. The isotopic
at least o hreiesient periobof tipe-clntavessiler of orahroukss|of ad@imigiration are
chol rol .. . I ) h
comm{19 4581 s LN PP g AL . Othr s
admint¥@atsn, Rech assupsidanedngloi nerameastuldriadgniniatraions eptidnally when used
) calculate the fraction or mass .of bile acids derived ..
in confungiehwith ylogyisleressubstiate KERBRT PR arcAISORRIGISt% r‘fy%@msmons
for QS QB Al AL b BLRRM SR APl v
knowictochesstodskilll iptlecart.sor s may vary, dependi ng upon the
absorptive properties of the isotope-| abel ed

chol esterol..precursor. and the,specific. bio t het i
ool D IeEgh A aisEal ol b U8 oinp STy [ e p to andor
includ@fdthé tiﬁfe@if@ﬁinﬁ]i@g)%@ﬁis@&nﬁﬂh@uﬂﬁ éigter Y @b’ihgléfdoye over time or
_contenpl ated, supra, or by other routes known in the
multiple doses). IMbereisesuiipaens adpHaishging is ong Maeiime phthedpdivigdual
. . te |l evel of precursor
Whn“§#§H§%§%ﬁ§ﬁ§%%%§§?%%?%gﬁﬁﬁ%ﬁ%gnd/or in a reservoir
suppl ying such a pool for at |east a transient period
oExampies of isbtope-debeledgreanrsons @k disoussed imdletail in U.S. Patent

.adm ni strati are co | y. used .t o adnini st h .
Appligtiag E\h; 6 }@6% g&g s PRAR FrEim bl el PRRARLS C4TRE, SR mgtionlar
in sec@@bn BEUB-UaSt Gk gﬁm}ﬁcﬁg&f}n@l&\ﬁé@ﬁé&@ﬁeﬁ‘dae@ Substrates)” and in U.S.

I ntramuscul’ar adm ni stration, opti'onally when used in
Patentd¥ej 3,308 68%6n titied (Mstlnd foe msagiwingiin yivossysthesispbbiopploymsrs”,

. ar SO. ropri ate. 0si tjions .for, inj i.0n_ar
incorrRited biiep PRERRSA T s SRPD ol kel Rl Bl may be
stableSX&tbd 1BB&ISd mdidcales &ize, Wildnl adkiifidRrddtotahRbRcOfeslKinl the i n

the art. As is discussed herein, adm nistration can be

incorpgeroncBtOteNeGUEl de 1o gyntheizedshaleaternl. (The IsatRprgakehel
choles&o]::rgF Pr%r: &R lcfl&gﬁ ts&rh tﬂhtsc%glﬁtsiep&o 4l gt@%oﬁsfﬁbiﬁsacﬁl molecules
singte . en

0ose over Ime or mnmu | pi e doses
that afdi deeioed frotalis isathpealsdedpreansorareBompidalie distimet fodm those

. individual adm njstrations can_ either be the sane or
deriveg)frqr F%l@@t_‘)@cmieéélekstp Pbg&l?%@l—@&a‘fﬁ ‘QSf?FEIgroé chglgsterol-
relateq %%g%% ggmﬁrﬁstgl%ﬁ @b thk Rededrinafioh gf‘tthe RARPAHCCRTk &BtoNP component of

I ncorporated herein by reference in its
RCT @attiane TirA throdgh H-Q asupra)udnalrare alss esotépseallly\diginct fom the isotope-

titled "precursor. nolecul es (isqtope-|abele .
bl e i By RS & MR D IRad 2o8gR g ion TPy gypre)
AlternaMREROhe i Rin FBAS Hut\ 8 ddmiMisHari Sy oK the iisbﬁ)fp@flabeled cholesterol

bi opol ymers”, i ncorporated herein by reference inits

precugsat inag by vatietbinggyder| talslpwdorthe Isame distnctinnde bhegends. dngne
embogl%lent, the isotope-labeled cholesterol precursor is deuterium labeled water (CH0). In

another embodiment, the isotope-labeled cholesterol precursor is Hy'®0.

2. Obtaining one or more biological samples.
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st abl e-i sotope | abel ed nol ecul es that, when
adm nistered to a subject result in the incorporation
wotikaouspe i nto de novo synthesized chol est erpCT/UII006/017167
isotope | abel ed chol esterol precursor i s chosen such
t chal PﬁﬁrOI neutral .st.erol bile a

Ao PGt G o P ln s b5ty s, il

neutram&ﬂd I §iWhoRERrd] SitdyHel dbadihed. dilst peiotl of ka1 Behosm adafihiv@stion of
from t he i sot ope-1 abel ed chol esterol or

the isotoipetlehelaskdiolesisral persurmor ardisallegtionpin biolagical pample ey vary,
depencf1 e%&{r i rggtg]aﬂﬁ ol %‘f’l aélﬁfnﬁtﬁﬁo? eth? ﬁ%hﬁéac%f oy §1ﬁ>£|)ec'i h.EE %rrome of

or excretor

isotopd-Tabeldd hhd‘lleﬁeroSplﬂ@b@)sor alﬁtﬁotaéﬁfaaﬂossakno@m tophewldfykill in the art. The
distinct fromthe |sotggslabeled bil e aci

one or gpe hiolqgical sampled gy be bipodeseely Brins: 08 any plieryse okjagple. The

o orSEE LA S PR 0 SRSl o dremens

of isotepio Icaﬁmarcm |1$O}lli}:&@]‘.ﬂtm srmtyadotbr ﬁwrdemirriimationoéthetlmpadﬁd a@w

for the sa i nctj.on
excretQrGBPRRE O R PRuRbhioh TP Bih) i b dFimigain pitjle acid
pool sﬁ%éé@@éc@iﬁhqm)l abpghed water (2H2Q). In another
odi ment he |sotope | abel ed chol esterol precursor
is HO 2. Cbtaining one or nore blologlca
sQngs! eodlegtpd,dhe sprprde mey befpredepssd o partighly pErcessgd, and bile acids
| |
may bEp G S8l L PP ERAEP AL APRLHEEhiR: GRheUPRU O
maniptilatienseeé Weem adie aitst rati on of the isotope-| abel ed
chol esterol precursor and collection of a biologica
sanple dependi ng on the route an
adm ni St %/ﬂfr”d the SO GPTlerdorfploRIG BAERT ‘grtbﬁg aetr(&r’r geutral
sterol@f 1 sotope- Iabeled chol esterol precursor, and ot her
factors known to those of skill in the art. The one or
mor e biol ogi cal sanples may be bl ood, stool, urine, or

ahlye isotapic qoymlt @tfls@anrglp@ttemw@ thenmolseulmof intesies| (bide ecids or
choles%@rgigolar ﬁ%{%les%?ro -fel Srag‘rano?ecu < %lgs%rloff lﬁgd E@rﬁ?l{g;(egﬁ fs

I sotoplc con en I'SO

measusddcdhdasiciied d&&ie@cﬁ‘ﬂ%ﬂmu@iﬁ i THe d@htrifitioh @p db nﬁvowholesterol
excretory conponent of RCT (see section H B, ? a),
synthegis 19 brle pids aneasvied Ry idstermiming the 1x¢eRic peRentor zS@ qragRattern of

bile a c?sCtTh%Q:on g’uorcf URERhovo b RsteRlils g’ﬁhgﬁl %%Erlﬁﬁgagﬁ ifR¥asured by

rocesse partially process ci ds
detemnmylg hlee ﬁuuopi‘cr codtent ekatbpid patiernpdithe mwtryrl pemls iledne as

escr neral ly, such mani pul ati ons are
embo WS%lb?tE‘aF‘h et me . Measuring the isotopic content or

i sotopic pattern of bile acids or neutral sterols. The

| BOSRRIsBect @ﬂfh%'@ﬁsc@fsuires HeQRit6piB 3bAteAtbrafotbHie phdR 68 bie acids
of interest (bile acids or chol esterol or other

and metabolétss eff diolastereltdstivebfremthe actinn of Wefeatiabmigrobes| onthilg

cholest 0P ellrg )r(nee%gurieé in urine or blood. As described, supra, cholesterol in non-stool
biological samples cannot be analyzed directly in order to measure the isotopic content of
fecal cholesterol. However, free cholesterol is converted by gastrointestinal microbes into a
number of metabolites including coprostanol, coprostanone, cholestanol, cholestanone and
epicoprostanol. These are also reabsorbed and appear in other tissues and bodily fluids,
including the blood or urine. These metabolites are only formed from intestinal cholesterol,

and so have an isotopic content or isotopic pattern that reflects intestinal cholesterol. As
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measured and cal cul ated as descri bed, supra. The
contribution of de novo chol esterol synthesis to bile

w@eioda19438 measur ed by determ ning the isotopi CPCDIEENG/017167
or isotopic pattern of bile acids. The contribution of

such, lﬁg%“glﬁ¥£ erléo'tgég; g)lgﬁew] géc{%(‘%)zclz 3 t& te%%{;hoiﬁ?errgllrnsietlagolites in
urine fepRE&H & nféﬁioﬂ%f‘m@isuhhg tHeEBd bk cﬁht@hﬁérﬁsotbﬁc @aRern of bile
enbodi nent, both are determ ned. In one aspect of the
cholesiireloiroshar eutralstereldt opi ¢ content or isotopic pattern
of bile acids and netabolites of chol esterol derived
fromthe action of intestinal mcrobes on bile
chol esterol are neasured in urine or blood. As
descri bed, supra, cholesterol in non-stool biologica
sanpl es cannot be analyzed directly in order to
neasure the isot opi c content of fecal cholesterol.

Fbmever est er.ol onve : . .

gast r of" nq"‘élgzl?lfe’ﬂ 95‘?1 8?%@@&0” %ovﬁf#ﬁgfg\é‘fl sKhegio g acids
and néul1 ¥@i-419 copr ostanol , coprostanone, chol estanol

chol est anone and epi coprostanol. These are al so

reabsor bed and appear in other tissues and bodily

f The tsetoriqranirnt AtiselepicNagem o bilgapids or reuead sterols or bile

choles@%gfﬁgﬂtab&ﬁ?s ﬁ%ﬁ 89 g%ﬁﬁﬁ&gﬁ E@@leﬁﬁé&{ﬂlﬂe&] BFEﬁd\{;@Loncentratmn of the

ero ave an isotopic content
isotope-datiebyal choeatet dipredursat it etibeotdetarmiresthe frabtiarhal r&strairsb&rols that

are negfif lffljé}t Srre o eeget ne o gl}:g 1dﬁg{%gg%ﬁ eflggé frl o %ﬁ}é synthesized

cholet&8I. eﬁfe@a’ﬁcu@aﬁ%ﬁ%‘l’% fQhioNBAS b \Suttal %eéo‘ﬁ%&) @nh;ﬁa 1k @Bdcribed
or 1sotopic pattern of bile cholesterol or ot

previquelytin 1.S sli?éfmdi |ApplidatiogN @ Lllléﬁﬁl4ﬁ1%7, widcle isrterdin mcprmrat@bby

BB RIRLSHL Sl DA TAER) R 038 e SV R DG

vivo s?hﬂh@s@Qf BispSlymRAtiiath Sthefedh facOfpoRittEbyE RePéendedih s entirety.
net abolites be conpared to the measured or known
Such eadeidativms atq Asp %erscxﬂmi earbieh- inagemher ehpyidicpiens known to those
ofsklﬁ ﬁllér or in order to determ ne the fraction of
‘sterols that are newWy synthesized, or the
fractlon of bile acids that are derived fromnewy
sy¥ht@Bailaml thhabgstyarfoke hepntc ombxxuétaty ampohentog RCT.
f raction is carried out as described supra, or as

6500 L RAPARE OFBRET D SOEBIBY o0 by 1-d PR ppcomversion

or secké'hdnto‘f a8fMiri§tiell chélRstedoll tbinvludRahBRbtel-refaicd 30168 fes or
titled "Method for neasuring in vivo synthesis of

cholegspropuiigtad pemplakiss Ar blooh ehapsterp hiomsaretastsierg! proflugtef énterest;
the m%§§tolg ﬁ@ﬁ)l\g/sr{%ryi % ¥nchi‘°<'1% él}oﬁ:?ﬂe ol- |r8%168 %%lggu?esac}{%ﬂog%?ol-rﬁggd

I ONns to t
compRkes ot bloodl @h@lhﬁe@[ Becrdted; G&llthblﬂraiitﬂoﬁ or bhieadds and/énynedfral sterols

derlvetdhf?orpleIfCa'lt“)l rga}sj lge Sﬁgurlaetfeg {1;{1n;(g: ?h%qgoqggltc cggtericc; isotopic pattern of the
isolated bile acids or neutral sterols. The isotopic content or isotopic pattern of the bile acids
may be compared to the total amount of isotopically-labeled cholesterol or cholesterol-related
molecule or cholesterol-related complex administered to the subject (i.e., the isotopic
recovery of administered label in the products) of interest). If bile acid pool size data is

available, the recovery of administered labeled cholesterol or cholesterol-related molecule or

cholesterol-related complex in bile acids is multiplied by the mass of the bile acid pool,
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The activity of the hepatic or excretory conponent of
RCT (i.e., the rate of conversion or secretion of
wa@cdioniwser ed chol esterol, to include PCT/US2006/017167
cholesterol-related nDIecuIes or chol esterol -rel ated
xe t er.al excreted. s I
giving GrAaIGY Cofmoh BRI LS RHRUeSF cErPECrEpertny G RER. 1t
availabl8Ghé!B6topitod oRsdn® bPisotoplcaia@ema tele WL RIS a9Herived from a differently-
chol esterol -rel at ed conpl exes, or blood chol estero
labeledselnlestasel: propursdrean bagsadda calculste, én asimilsr mwaness thesquiribution of
st er t
de novo s&ﬁgesﬁ%e CC(})IR e%%{gl (grBNICR@ér i)ﬂggé'id Q?I%tgl%l]‘s: gjf‘l?e gltr?tgd(t) g {og§cal
neutrabSté@ls&FdrﬂRCDlr aitEDNCadre Sﬁlﬁla@ﬂy&alcﬁlwed sot opi ¢ content or
I sotopic pattern of the bile acids may be conpared to
the total anmount of isotopically-I|abeled chol esterol
or cholesterol-related nol ecul e or chol esterol -rel at ed
conpl ex adm ni stered to the subject (i.e., the
Jiid DM%%@%%&W%»@JM@% {fm’c ered |abel in the _
products) of interéest). 1f bile acid pool size data is
avai | abl e, the recovery of adm nistered | abel ed
cHest elesras eompaneahel RET envsilvasel variety pfanetakelis apfl transport steps
e [
(FIGU?&?% %?Ig g eg{e%k ﬁf &1@ gagﬁ%fcgﬁgoﬂ%ﬂ lo&é ﬁaC?fla %%r(gigﬁog}: ‘\D/Y %%mlénstermg
an isotgpeiibeled dhf)leﬁﬁﬁﬂ ot tldlesfi@ol-etht@ymbleuleapaholesterol-related complex,
excretory conponent_of RCT. If avajlable, the js %f
and thepsihseueaily msarimiechpRetoRicLostens Py ’éOté’B}cd%?“S%’ ‘&Jé’rcf s&%

cholestdr! r%hgfegtlteforl L0y ln?&@du?@oféﬁ%le@%hﬁ rr@iate‘ﬂrc%ﬁ‘}eﬂiép T8 erent”

use to calculate, Tn a simlar manner
cholestevottarichalesterol oélatd mrdmlesgmﬂh@tez@debt&dl ®9tpé¢>®lls afl IZ)N@)JO
synt hesi The cantr.jbutipns.,to
convefsihmnatnd b fhs e SRt RIS e o S afiiFd eyt s, the

act1v1t&c_l_?é!«l: 8t & gtveﬁ kbmpbedne Bf'R(I'TQﬂn'bB %&h@%@F@%ﬁw tthleonversmn
| asma conmponent of i nvol ves var i g«?{%bi&t

of chotasteatl b pholafﬁ@m (25 T @qtle'ptg, lflﬁl@ﬁzé) 81 bfh@é@‘ml

admmgaefﬁn%ﬁ (?tl 5 elgﬁ nﬁcglnﬁgrl%arr eﬁlsm&n%% r1rsd> ?g cﬁﬁteg‘y or isotopic
patter® bpé}ﬁﬁés&fr&' estegl 8irgithryD R HNEfe® bf a’(wéﬁbledfsfdr frogd HDEdto LDL or

Qgrg)l ex, and_then subsequently measuring the isot og
VLDLcG At ghectivityi BISTURE 8) gait bempasyredbycdmpiatsisaing dripresiebs!

cholesg%%g%géxrsﬁgﬁp e gﬁp}%ﬁﬂhgﬁﬁd@%ue Eheqp&ggétcsaehf &chﬂsﬁé pattern

ere s ero

of chodﬁstdrdsasm i LDl at\ddDboTae sihire o<ﬁ theaholtiphkt sﬂee;ml of plisal T can be
lex is a Vi. VO convers n f t he

measueer pianesby B R ging o apelel 8318 oL ip §9iRlFy yith HDL,

and th&R Yibasurig BE IsoMiptYcdent 8 %o@ﬁolc%a&bﬂ%f helERRs @EtepfroﬁcﬂbL or
can be neasured For exanpl e, the conversion of

VLDIg e}, sgnatankousodatsroiiession o6 theewreet [ CERpnd SiH TR agivity).
FI GURE 3) can be det erm ned by adm ni stering

ngh{hg slglfabc%lg@d (|C:)I ke f &ﬁ'lte ?rﬁo&r]tgg% efsc bl éaPt%fol '3? {:Illoslgstté}e |-felated

molecBlediok ahdlystelbhﬁzlété@ﬁ@ﬁﬁléx&far@ balwesate EIQJ) difsdret tfpes f thdlesterol
to LDL or VLDL (CETP activity, FIGURE 3) can be
or chq%%%ﬁgalr@éﬁt%%/ma@ﬁvheﬁ et dolestprolsislagpskeansnieresd To measure the plasma

component of RCT, one type is administered, and another (the molecule of interest) is

measured.

1. Administering isotopically labeled cholesterol or cholesterol-related

molecules or cholesterol-related complexes.
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chol esterol ester in conplex with HDL, and neasuring
the isotopic content or isotopic pattern of

w@ebh@oasas ol ester in LDL or VLDL. The sum of PE&EUS2006/017167
mul tiple steps of plasnma RCT can be neasured for

S b m, ni, st.eri i.sotope-l,ab er,ol
BT e R S e
compl@}@ﬁtaﬁﬁﬁm%rdd%@.td@ﬂiribe@ f)ﬁlr M medgkest of @dlmﬁﬁdtﬁﬁolﬁ @ Ruantity
LDL or VLDL (i.e., sinu taneous déterm nation of the

of isotgpmiabel mayabe used, asmiercriedi ptay)In ong embedigpensihe route of
i RIS Bl L LB 4R PR SROL SN s prcd on

what paeragitiexsiasnad &)rﬁpcmeﬁf SERICT pheo dekifet er mpehsuig/pes of
chol esterol or chol esterol -rel ated nol ecul es or

chol est e oI -related co Xes asure the plasm
conponerffolgiringare %ﬁ@o@g@oglgala%rwp stered, and
anot her (the nolecule of interest) is neasured. 1.

AR ?érf‘dd crfgmhes %ﬁﬁ&bg@hﬂ stsntpﬁé)ie lo8 610 e thefudd arfl timing of the
chol esterol -rel ated nmdl ecul és or chol esterol -rel at ed

biologmahﬁﬂn@&e sbtaimeid spdaspminedls wHichpeiteds ther plhsngg component of RCT is

being gg?r%}r Sci( el:tlm ) ”%T%%lggné)ng{gleecg tgeegg) ngc%!j gantlstﬁlr s f}lﬁn&rlg :: "18 More
ﬂlanoﬁ@bioﬁ)g@éalaﬁﬁplalrﬁd W ddineddr quantity of |sot ope | abel

may be used, escribed, supra. In one enbodi ment,
the route of adnrnlstratlon i.s intraveno @EOICG
of | abél MeIsHI8iAlePie FOTREHST ésef?rgcr%ﬁféeénﬁggr@éf%ﬁs tiferest.
part of the plasma conponent of RCT one desires to

f(Jl;B'Ic,econgent @ts@to@w‘&tl@ﬁﬁs Q@ktetRingd @(‘)10&19 ﬂio@&hlescﬁ‘mﬂe&‘ét as
te eriod tinme, a bio Oglca San‘pels

descrlbrbi, aupred Th@ h@leualtanfenwﬂst isiamiimgivofconyresipn pradyptoadithe
bta s, det er.m ned V\,hl ch part of the
admmpﬁ%%gﬁ&rtf QP@%‘? clgym 1F§’r B¥PRG neasured. In a
preferred enbodlnent, t he bi ol ogical sanple is a bl ood

sanpl e4. Oblkglaihgmeaat: &ithd plginakomporrheofRYT.be
obt ai ned. 3. Measuring isotopic content or isotopic

pattern of nol ecul es of interest i c _content or
| Sottdished pracerrprpduc &l etranh@crn%?Xlttﬁvét‘ﬁ%ﬂné%r‘{%mafstered
1sotop'e NLi&Edhoftel St chORderod. '115151@% m@@cuf@é%\fﬂe@teﬁﬁ—rbl@teﬁrc%ﬁfplex and

an in vivo conversion pro he adm ni stered
the damtrcmn nwlléqald aflisteewit. nSllohcautebttlonslnlmmdekknown in the art. The

Calculatln rate t 0 A
precuiSpL Al Mp i EOTEOY SORPtERt BB AN e et T anfount of
label RBLINRERd, b isAdbidhiisddesyethe of Bis&ﬁfbal @d@@ bestheh £ ok ari®measured

or chol esterol -rel ated nol ecul e or chol esterol -rel at ed

directlyo itedkactinnal ichatribuiips of baisotricdebiled diolgstarel argholegigeat-related
moleclle oerI &b egtefc'on rQlaJteﬁ c\l\%plleﬁﬂ%VWas a%rrhﬁ%te?erdtto tﬁ@&olesterol or

cholesterol-related molecule or cholesterol-related complex of interest is determined as

described, supra.
1IV. Summary:

A. Calculation of cholesterol efflux/mobilization rate from tissues into blood, by use of

the dilution technique and the plateau principle.

Dilution of an infused tracer reveals rate of appearance (Ra, efflux, turnover) of the
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precursor pool isotopic content or isotopic pattern is

ei ther estinmated based on the anmount of | abel
wa@eaosenissered, or is determ ned by use of hi stPCT/U82006/017167

data or other data, or it is neasured directly. The

. f.oractional. contribution.of the.i sotope-|abhe
pool infisgt 445 G SO BB LEREHGH BT arDa P LG e Gfined when an
isotopi E&lte%%tcﬁﬁ 8k aftghéd & CMEkeMed NThervate AR fusihe eetnples of this
the chol esterol or chol esterol-related nol ecule or

in metabiobik eesearch(e.g ¢ Rateiisoses kgl elyceroli amiae agids) shigeanpreachdgs not
as .descr.i bed r . : [

been w1 {RARE SOl RIT ot O BRY foaftup By bl 8 o8 bocn o

physioldg@n@tiomle Bfen@kutineR dthdlésterol, befolibgkscangy olfie complex and

plateau principle. Dilution of an infused tracer .
regulateg ghelpsieroheldlug sy sppd Hrpserers Flasias 29caRiors;, (PGToREPIPtedts, ete.).
iy . . - . i Cat .
second 5888l IAAEH SRR 0y fREL IR ) R et co
to admérsteiiey edrisait éefusion. Mereonst tettiok refhiedtosachieranyplateau in

posmd e SPGBy RS B ken
days oP'Reeld0t been used before for chol esterol, however, for
several reasons. First, there had not been a
physi ol ogi c rationale for neasuring Ra chol esterol,

bafkey diseoerylves thearbyermation efsnplplesu Brelasregyehodgstegol enrichments,
in hun%@%'%lgf%x éﬁlngg{: 4 é,%\r’ The I‘J&r]hgéxfeg@?;?f Biffef gsgé 4%Pand FIGURE 5)
suppogd Heai Rk off & fmﬁﬁbhadl}sdibdibtjeanﬂ aabytable Irapjd’ilg/ temingrever pool,

solutjion and_is therefore not easy_.to admpjster b .
and allpyis selghiatiph PEIRP R ?f_f{%fr@%lé%a,twfl reteof ﬁ%ol?%aaﬁre@_ fegjpberal tissues
i i ikg- i 1G. 4) . Thi
o LB S| RUEETR kAR BRRERELE(TIG )T
represéray & ntapdeeliscdesry, methadakgically.key di scovery was the
observation of a plateau in plasm chol estero

A GG oy s Fehopee chotR e hey B pRisfsterdfh the form
of HDBURBR&:&s bhethexlisdRoer @boctatédipatitiendut Yartbesangihiteddin the
nmeasur abl e rapidly turning-over pool, and al| ows

form of ditee ghelestenel.¢p nRaswe ey mbikewian Ra) pehexcationgfficiency (see

. ch stierol from peripheral tissues into this rapidly

lnﬁaaflﬁﬁﬁé -over pool, which is in comunication with the
blood (FIG 4) . This represents a nmgjor discovery,
neffhadeleqBarmptagentdiat henbek ef mdlesaley entgring thehrapid turnover pool

apel ed chol esterol need not be admini.stered i he .
from tL%Eﬁ%%fmﬁBﬁll-hﬁ%ﬁw%?réﬁ%Eo PP qu-aﬁajbblb%f‘éf ediebsieliidn and out
of the %Fa{ge?ﬁﬁ(“ﬂﬁéﬁ-ra‘i@ﬁ. PEs AP sehi3 bR iR fodtdht bhE ndW niBteE of RET in its
cholesterol, to nmeasure efflux/nobilization (Ra) and
own right(FEGB oh aed 3473 arhalyo plews ¢mfactionnfilabelGec®gry in fecal sterols for

influx/efflux across peripheral tissues (see infra).

-

-

The data also demonstrate modulation by dietary loading of tissues with cholesterol
(FIG. 7). Both Ra and pool size show reasonable but not excessive inter-individual
variability in humans (e.g., standard deviation of about 20% [FIG. 6A], consistent with many
regulated physiologic parameters), and suggesting that it is a modifiable parameter. Also, the
pool size (which can be calculated as Ra/k) is approximately 5-10 g, consistent with

Schwartz’s data (6g) (Schwartz et al, J Clin Invest)).
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Efflux rate (Ra) represents the nunber of nol ecul es
entering the rapid turnover pool fromthe |arge,
WO pocacaBs ul ar storage pool per hour - i.e., nROI/UBWEE017167
free chol esterol in and out of the storage pool
Sekepnesen and
B Rk et e el R on e Bt o BT
mﬂux@r{meag,lolsp)ﬁgl}g@mzegme@n of label recovery in fecal
ol s flor 'influx/efflux across peripheral tissues
(see infra). The data_al so denonstrate nodul ati on ?n)atlonal
C

ch-ehehragoy ey of ﬁ@mtmst@rp@ plesma ghelgstered nosip@rgpregantsthe
excreti%ﬁ e?ﬁ%c@%d@&g Iof ?1 g{}@ rﬁfaiﬁ%@%}bﬁo%éal E%%Toé% garm 2 of RCT,

CEessiv nter varla Ity 1In
see FIGel);] Thlsﬁhwﬂdl&ﬁﬂandﬁ\po&htlﬁiﬁy ainfabwuiet b @%r{géls (& plagha cholesterol

oV AGY B o LR B hh DT 1 A PR il ggbpmees

rap1dlyF’f?1r AHIEE bt (1B sRRY tlﬁﬂﬁ/epﬁé%lue ?b@l‘é‘ i(é’“‘%fﬁhx/?xﬁﬂlxtiﬁte is high) in an

culated as Ra/k) is appfoxinately
1nd1v1<rhmhsfols¢>@mplwpld$nﬁd&hvé wilz be 1Q$atnat18(56gs) an@%ﬁmdﬂw Lgtla‘taled

st B. .Correcti.,on_.of e
cholesiggel a5 BTG M} By P Grecon orel ERRRUETGroR) Thi Al be
interpletddl 16w R Lbsvag! Bus tesitRnftake hia§hl @ft rdpaddeht a good thing with

recovery of adm ni stered plasnma chol esterol in stool

regardrte ppid-gtheresclereticr iskdhishamatesséchelestsrpl angbilizaging pr Hugh rate from

tlssue{) girl(?n @Jucl){l h%ﬁ;ﬁg@e_éf%ﬁ@lf? Lr_ﬁtﬁs %@g&f&r@g n{é&?éss 1 BE Ydvidual.

Any fipetiendlinddsyread dbeledddaniaycholestegd extmetiph tierefore should preferably

chol est ro urnover (efflu x. fromand into

correc fof focrast Soeh 1GCEPBY T Leewoeszgﬂaﬁa@esﬂso apply to
[

T S e

for exanple, plasna |label will be lost in tissues and

r EpLakebitioy ofinl“SHehd® TR qiazemeienl and t herefore wil |

not be recovered in fecal sterols (FIG 9A ) . This

ed, as J.ow % h 6 e
Cﬁs él&ﬁg‘fgotsgcﬂ%eere sthas bege c{lscpger%:% Ly %%&boﬁhgttﬂg ésfﬂux/trrhoblhzatlon

rate witB@ied &ffi bién@}ﬂbf laBélh@d’o@é@l i rf@da!l §tefdls§ ke “Cholgh RICT qiamrﬁ)éter can be
chol est er ol lush rate fromtissues)

measusp RS PR %@d El&ﬁa tlodéau)n"s?hls &ilpbaliRdnk jetsic eréldsff Yhiategrated
meas 57T} 05851 LR R oo M SRS RS

subjecshoul d pr efer ably correct for the efflux/influx rate
across tissues (FIG 9B). These consi derations aI so

agﬁ?@{al %igl'lgﬁtg ]%%gé‘tsa %L@t er %&q Sg&&fs %?Ae&tha? ends up excreted
as fecHt&blsathi@Bawbe Feen GnithidelfRal thd¥RbLeRl ®terolAfoldbif6d @f@thg the
herein, it has been di scover ed t hat , 0iqcorr‘m ni n t he

plasmemDMd@yrquhphq@tlmewhﬁ@t@omctrhoiimsr@f ¢hodgstaelymelecy abféuat are

e N PP B, R
represeh@lild cHIekta¥6lt flixCrafyy feoth diesued thrbtigtede dladstream and out of the body
— the definition of global RCT.

Accordingly, this parameter has been used extensively to characterize the effects of

potential therapeutic agents on global RCT flux in the whole organism (see examples, infra).
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measure of the cholesterol flux fromtissues to stoo

in living organisns, including human subjects. d oba
WORA6f1H438 r epresent s the chol esterol effl ux frpoT/US2006/017167

ti ssues that ends up excreted as fecal sterols. This

can be seen, intuitively, as the # of cholestero

nol ecul es entering the plasma pool/day nmultiplied

times the proportion of plasnma chol esterol nol ecul es

t babivasién & @WMR RaRbteS s HeSwo kkme anROE for dissecting
under st 00 y those of skill in the art that this
locus Qfé’?ﬂ@’éoﬁéﬂr@g@m ageppidhe@rivereatedtel- f1ux rate from

ti ssues through the bloodstream and out of the body -

tRe dg@lfokéa &rdh 1?f1asgzh§)b?en RfsLovAEE Mablit @Qﬁ@éﬁlltt@ divide the Global

par ameter has been u extensively to characterize
RCT pafm&érflﬁmttwmbngmnﬁmarmk (dfﬂwr/ambuizatromgdmr&bmngﬂﬁh&c and

e, T B B R S S RSB e

1ncrea§e"l@C?rl‘ir€a19f)e Mfu@éfuginscﬁﬁg His@&ekﬁ&%b t RG&dreNtoHnow which
therapeutic agénts that increase . As di scl osed

aspectlof R&1This altered &y aadrug obdisense cendbitien. &kamples of this ereypseviged (FIGS.
to, di vi the G obal RCT paraneter into two conponent
10-13 apd e @Bk ux/ robi | i zati on and excretion, FIG 9C and
FI GS. 10-13), for the purpose of dissecting the |ocus
1V. Fudfhe@Embodin@hitst her apeuti c agents that increase RCT. It
can be very useful in drug discovery or subj ect

resear know whi ch aspect of S
(B methogs s uBeLBAHRRILE TaRelifsr 45e spigthioL Wy udepending on the

preferél{cg‘()‘f dbrhdifeRer. 10erkih 8MfleRREBJAihants alle\d1sc'ﬁb'§eﬁ|b%fow which are

nbodi nents. The net hods descri bed herein may be
nmnn@mmnanhnnumg a variety of ways depending on the
preference of the practitioner. Certain of these

i scussed .bel whi ch are not neant
tgbgg%?uﬁW?ﬁﬁa%fil Oﬁ?@ﬁzR?ﬁ%f ef fl ux conmponent of

RCT. In one enbodlnent of the invention, the effl ux
chnpeeitodiheRGT theSinv@akul thd efﬂu)&nmmmemtrofaICT is measured in

experimental ani nal i ntravepous i i.on of
humar A ARSI R BB bF wt%.avmwdn@ﬁwéﬁf odeoded holesterol
in a 1ifi8 Rk §63 &ns@ﬂgﬁa{ehgnd @gﬁ&%pﬁc EQRERY: i3ko légat%% 6 total

ttern of tota | esterol 1s neas
blood nh@lelﬁekot 5 mérmndtas nealed th eharwmzm the ;sbmpaaplatew, or conveniently

conveni ent Ly, every a rOXI Ly 1s2 houts r
every gwpmaﬁeg ér?yﬁqlgs ¥orf§ o ifpate -erl&— fB %ﬁng% d{"%t.a fbod or plasma-free
or lipdpr&eiiBasbé ERe@End1EREBI ﬁbﬁhﬁe@&ﬁ@%b@bﬁﬁbo@t&k 85is8toplc paftern is
purified, the isotopic content or isotopic pattern is

deternisedbyri364d-IBYMERT athermphask keetva in thetarioaid thap@ipTessed g atom
percer% "ehecesd B 9 1361 StheF4R ro%%?f?uq( R B ulated as described, supra.

As disclosed herein, several key discoveries allow the measurement of cholesterol
efflux rate from cells in living organisms, including humans: (1) measurement of flux by the
dilution method is optimally performed when the “plateau principle” can be exploited. This
principle states, in essence, that attainment of an isotopic plateau during a constant infusion
of tracer allows calculation of the turnover (rate of appearance, flux) of the endogenous pool
simply from the isotopic enrichment or specific activity attained. It had not previously been

known whether plasma cholesterol would achieve an isotopic plateau over a reasonable
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percent excess of 13C. The rate of efflux is then

cal cul ated as descri bed, supra. As disclosed herein,
waewensd4dkey di scoveries all ow t he neasur enent POf/US2006/017167

chol esterol efflux rate fromcells in living

period 4R ARy i HloR s UTBY e Ao I et ke Herch e

circumisfin@é edidd¢ydithe tadk en b@tamuhfanean@ lafini= dubjddis GFIONS aed sQJe@nfra) )
states, in essence, that attainment of an isotopic

The effuggaaar erie Phaprauaberseldhe Plosma shelasterp] poc ves fwndot@@e within a
| f t
onee K8 FL L0 bl A0 B ARRR 08 el o

flux amhpoad hmemndC(B) Bffasd thteds arfluencedybyaissad cledestdrdl lbadlng FIG. 7 and
revi ous|ly been known whet her plasma chol esterol woul d
see Nty pEAYMICHIMSds ot opi ¢ pl at eau over a reasonabl eperiod of
time to allow cal culation of flux by this approach. As

dIrﬁaﬁio&ﬁ:% dnibeaBhdht of fhie %mfehﬁ&&l TRd PGS ch prﬁléiﬁ% geiRENEnkASE
in both human and ani mal subj ects and see

partlcmlmf su@;:lass( ofjplasien ligfopretging &mealloor large I@iﬁ paipigksas fan exanagle) is
meascp Qg FRIE of R ERUEAI PRl R, SRt B L oz abeled

choles\térbhn&flqjidi OS] sidichit heGhsthntigte MDise i%@tbpfd daxtednN6k iB@Obic pattern of
size; and (3) Efflux rate is. influenced tissue
cholesiqip indheplafme Hpepratyi mrtiple pf aﬁ@re%té%meﬁfmf%@/ eveggapproximately 1-2

t | r A
hours f’(ﬁ' abg ﬁ'hgtgla/olnz; oﬁg %\H@ F%ggﬂgl %'E@Il?)tl 1335 g‘r(}?e';hgcfg ic content
or 1somp1cmaasnmas detpopined by ﬁﬁ:(i}%]m}\lls 0D Dthbﬁmgﬁloﬂﬂnm{ in the aﬂ and then

exanpl e) is neas n hu or a perinmen

eXPreSéﬁ‘; ﬁsa‘ftOWﬁQ?é%enb?‘quﬁ ‘?’iv@nghgfqt“n? YR e 1‘?“&%‘@% ass of
plasm BEbSSIAAL e clchlaRihseihtedllupla @ COnstant rate.

he i sotopic content or |sotop|c pattern of

choI esterol in the plasma |ipoprotein particle of

i At Meestrementaf e hepdliegreesprappraonipaaerdlof RET2 hours for
approximately 12 -18 hours. Free cholesterol is

58 R TR o PR, v
is medshﬁdaﬁ humaigbjt ditﬁﬁhn&ﬁﬂr@ﬂ@&ﬁe Bfiragés paute S\, 1sbebeisdhobkterol in a

The rate of efflux into the particular subclass
lipid eé‘?‘ﬁ:’BP%sﬁﬁ) pgl%ﬁﬁl@?]@p [Euyine enwiopl @gqp%qﬂegt@g grigito admmlstratlon of

t
the bollRS&id BER thSR& folh 8%\@%%%{ u‘f)lrfﬁ Qg rgi%ﬁq £ el%beaggf érﬁlnc%ro>(§¥chollc

excretory conponent
acid, ashveell aswentralovigrotsharelpepiéitd froor the xdne bostyolcompbsend theh analyzed

by GRS nas oo ETmE iR ot B URLF g R foRteR g igotopic
patterﬁ('ﬂ'l@'SQ&') TBE MoRpiC MntSAP SR pRS pattet i eRpresde@al aﬁ)h?percent
ectqg prior to adn1n|strat|on of the bolus, and

excessj@ill"l%) afhef.edhe @ptopmcoatq@émt isetopic mﬁem@fzaoldrawd thehist i ¢

detern%%e(ij 8 o Idtf)qﬁe (¥IP£?1 trta # ﬁé ?Sbre égﬁisteroﬁgt lgsaeld 25 na%ﬁ‘?ilﬁé value,

and tha m@dmm&ﬁ ﬂliésﬁ@@x]l’ﬁl&‘esﬁma&fdhﬁﬁed'@i the dﬁlolﬁﬁmﬁ{j@ﬁlabbﬂed ahdlesterol

for detecting isotopic content or isotopic
administered to the subject and the weight and body composition of the subject. The fraction

of administered ! Cz labeled cholesterol recovered as bile acids, the total conversion rate of
administered 1*C, labeled cholesterol to bile acids or neutral sterols, and the fraction of bile

acids derived from plasma cholesterol are then calculated as described, supra (FIG. 8B).
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pattern (FIG 8A). The isotopic content or isotopic
pattern i s expressed as atom percent excess (APE) of
WA 3@6/1TH88 | sot opi ¢ content or isotopic patternPCf/US2006/017167
ChO|IC acid that is determined prior to the
nistratiop.of 13C2-1| abel ed choles
P st drien, A8 hes oY Rl GBLL THRET Wi BB el poor
size de%}.}zm’gﬁbﬁd based on the anount of 13C2 | abel ed
chol esterol adm nistered to the subject and the weight
and body conposition of the subject. The fraction of
daehinotlsr embediozent afithe devention.d8e Bengfic preevaipBHCogaponent of
) t ot 3
RCT il B el BB 8 YA S AL R B R R SRR A,
labele&&lﬁjl&t@ol iandipidembilsiat i Additbdnaliy) ekmoeircanclernt loﬁﬁdh éhcﬂnmamd is

adminigppraiey CBrobis b s Relas o Wi e GAISCHRG TR 40 T AgpmimStiation of
t <€

B e T

collectedpaiot ioqdday 0ywndtin ﬁaﬂ andd|4 chxs: afterdabyel edmingsiation.o Chal@Tacid is

ur.ed, m.ni. st.eri ng
purife e PRy SiBBISS BSFD £omtect 83d L BBIE poctiabd ey g iigend e
’H 1sotohi}' @nRIXUbSisOOpicHAfEm TRBbTIY aci@idiNEIsred HHUBE/MS or other methods
cholic acid i's admnistered orally. Biological
knownsiarist @6, apfl etpriested ap sodas| reespnibercpysi afithe Ml defe Cholesterol is purified

from aﬂq)% za@p%?t Ia%ﬁ t]?g 13 ggoégg‘@lc l&&ger?tl g ég)?téété( ggtjtk%lrx {s[ube]dq{g dGCC-

IRMS @f etheﬂinle&@ﬂsﬁnmm o the ert(add s prasedl &, APE oi7 3Ca r¢holié acid is
s after lahel gdministration. Cholic acid is

purlﬁee qoe Fhscirime g Sheo 56 1SOIRIF BT PRI SRS ERIFTD S heasited by GCC-

IRMS %9 U{h%r RRElodb BRGkm ROME BhHShE & é@%sa&?‘% At o£H0. Siafopi 1‘§otop1c
tent or isotopic pattern o olic acid is neasured

conteliny)r 30lobts mattent dfdvloobetudid scikiiouseditn callvelaterthe bamacid pool size.

d.as l; ercent .excess of the
The frigi R Ao IPE g RO Tl OG0 S aHE e e e
convel%?oﬁ; m&%f%ﬁtn‘i‘m@t@féhémz 19&1&@@1{&@&@&@%1@ laBidk,SandRRS HE@TbN of bile
GCCI RVB or ot her net hods known in t e art and is

by
acids @xmé §®edplasnmﬁl®l@sﬂermt31@: deferroined vsiog the '8C pmwrflc eentent@misotopic

nd t SO opi ¢ cont ent

patter, Sy Faciacieh s SEP0 RBE SROIR “CaRBhE Sefstror
isotopidpattee tﬁsé& 288 Badefin€¥Mue558 dhelslo APEL NEst&3C>C o ticontent or

I sotopic content or isotopic pattern of blood cholig
lsotopma&emsuseé Eideterming thelmEMEmEPassibE ‘56 AP Entos rigary ehokg,aeid.

f
These BRES ABTALGHNThAN St prleiidrlaes ERn O A RLRUA direpty by
simpla@dohiqedsdnhednm is G2 drghe bﬂdulaﬂeOhce&teeasfdﬂo(tdachnﬂésmralmodsemon or

and the fr; ct| of bi I i ds derjved from
transpeH gnta dilseits pad Bilg e §ﬁ?1§ert‘}ﬁie°fi‘g?9’fp§8f‘%ﬁt o1his may be
expres%@c[‘&see[‘ﬁtag’é' cdn%@ttsfbﬂ'rﬁter{étﬂhﬁ]'ﬁltﬁfuniﬂi bary cholic acid,

day O urinary cholic acid 13C isotopic

content or isotopic pattern used as a baseline val ue,

and the bl ood chokkgeserol(gt8@s)/ $gi.0piic content or

i sotopic pattern Used to d Frimne the maxi mum

possi bl e 13C APE for wuri naryschol ic acid.

This quantity represents the flux through the hepatic or excretory component of RCT.
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These val ues are then conbined with mass excretion
rates (which are neasured directly by sinple

wo e@inigees known in the art) to cal cul at e t heP€HUS2008/017167
bl ood chol esterol conversion or transport into bile

aql and bi stero s duri the perio t.he; . .
Boee e e raagica el afe R SRE D LliTle cidpoot
size déft@fbﬁnc{t@nfdnw&)zaﬂﬂztbﬁmﬂﬂf deSndvo chiBRkRAdI 8 hésay @¥Bi}s donls@bution to
bodywef day This quantity represents the flux through
bile acidse hepatic or excretory conponent of RCT.D.
Measur enent of the hepatic or excretory conponent of

Fﬁ} M@&'&% éjnt PROhe c[%iltll%%r g%r‘eatlrow %%%nMCT is determined

'on O novo esterol synthesis and
as des@ﬂnﬂﬁm battionnI V€, bluﬂ»re additionally) iy e prefarnédenbaeiiment ﬂEmubj ect

roceiviURBIRIe il deSePPTOSBN AL deuEatp mter s Uy 5C APE and My
MPE £¢ ﬁieﬁéﬁé@fdrﬁrm%r& AoRE 5&8 r rRd PeNRe i NB R, MPRErS H&bﬁﬁhed for the

recei ves nul e oral doses of approximately 7
unnaryj bili¢ aevdtab stexvdh iretabolites. ThA@Elcanuatlml cszuEmedma*@u mehdood may

r MLNPE .
slso beyRaHDEVGRS plRGd SRSty 167 PR Pl de (B iesized
cholestRb120 ®k1k b&igs arddBek@DSISRAY @&h@lrue@efmﬂ@dt@ﬁﬁgttﬁg M}@I/IEE’SI the M;
may al so be determ ned fromthe bl ood sanmp

MPE’sraieiag Ores & bageline) avfl ageaxiowe pesabieli MRE’s ﬁ@llcélgteérb@'ﬁedt@ the
concel‘matf(‘)n %? g&iﬁ}%&%ﬁgﬁé‘ﬁ (Ed?é ﬁ&%ﬁi ?Jwélgd%hgl{éﬁgro(ﬂ S%%E\I[&)B 48 the blood.

Thesebﬁl&&ﬂatm&)araﬁﬁnad Wasrﬂmﬂﬁﬂﬁs;dplrae ML I\/PE s cal cul ated
based on the concentration of deuterated water (the
recur

e-| abel ed chol estero
ThBe RS dpiRrorm S vt PR 6 el hlbﬁ‘elaaiass or fraction of

bile ac%&s%ﬁ neh?8l HE3LR ddBVEd B thOMJahil o1 ewaafmpo@@ﬂt JmmT the
used to calculate the mass or fraction of bile acid

mass @rfthction bf bile atids andsiedtral sperdlsfdedmed fremiviepmne eymhesmed

chole§i5h St RTRE Redoncir el abigh ESABRRGL Rorohb st rat gresent in

the suBOPIRE k80 sBIROdfARE S08Y, or HECH e dBBeSE Rémbilsatide andheutral
bil€ acids and neutral sterols which were present in

sterolg presestiis the sulpedtprior t thpstagtadithe $rdi-he st udy, or which
are derived frombile acids and neutral sterols

g?gea ge%\ ﬁihlglv%lgﬁ%rﬁglg% i@%%eéfﬁ?én? bad ﬁs& Bguscetdaa'étcoﬁ Ie%%tag evidence

romthis experinment can
for thé)ﬁtdﬁd&ﬁmmﬁmbmebetsad yn éhd pheroipde fhat alf hiolesi¢rel thht eR(ffE tissues

i ssu ed on the rJn Ie that all.
must 4 RAIEEG POTEANSATORY e Moy D aaEst g6 ehalgetesal B fissge. Thus
ev1der§:re ga0yrak 8F ndikstdel f?&iﬁ(})eﬁ}fﬂérglecﬂs&s%d% ek&@stié &f cholksterol from
he tissue. Thus, evidénce for efflux of chol esterol
the bOﬂV omyperaxpbaedto reswsingscraansd a;attewfodeenqvo iwyathesis of cholesterol
(FK}?4oIesteroI from

If excretion rates are determined (using skills known in the art), then the rate of

excretion of bile acids and neutral sterols from either RCT or DNC can be calculated as well.

E. Simultaneous measurement of the efflux component and hepatic or excretory

component of RCT.
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the body may be expected to result in increased rates

of de novo synthesis of cholesterol (FIG 14). If
we@ra1446% rates are determ ned (using skills RODWA2006017167

the art), then the rate of excretion of bile acids and

n utral ster I fr ei er t DNC can_ be
e P By et o8 B e i Tt A mpongety #ERCT
are me%fsﬁﬂeéﬂ )élnﬁﬂféﬁ@cﬂféﬁl IaKs 'E!st.éa{h'e 3 OLlaBaed @Ed!és‘fer@piﬂilﬁﬁﬁf&e@tfo a
RCT.In yet another enbodiment, the efflux and hePatlc

subjecpis mn@m%smmnngaWOMM@ foed3 ut&lgours. Blood samples
si nmult ane
s G R QS kb 8 B iR A rde Pt g g

compcﬁﬁnﬂoﬂ}@@’ﬂ Dilier ieMnicaveido tie def&m&laﬂﬁnbﬁthelk%pati@oﬂ‘@kjfeﬁory
Bl ood_sanpl es are taken every hours over the
compensit efRef araeariie Qitiag HeschHbed, ééprat(EKé%tl&rtﬁ)ne t he
ef fl ux conmponent of RCT. OQther elenents for the
d reXeretory conponent of
ﬁﬁdgg}em%g%;?%gi J{J‘?ﬁ'é‘g&ggdg??l? supra (FIGS. 10-13).
F. Measurenent of the plasma corrponent of RCT. In yet
ahoydtienothergreferred empodiginant af the finvention, raemtiowef the plasma

comp@iRft RGP AR BT SRR S Bl SesBy pissied oGt SfilBsterol in

compleR RheIDWMi$ Adrhiaistdred aclii ey &@iofsl balss &a kuljéddv Bisydssamples are
bolus to a subject. Blood sanples are taken grl or tq

taken prier tadhg @drgmrsman@m ofhe tRBis s twekary for wip théthauis gfter
admm?('s?ratttg %f' th%%l& lggs f?ﬁﬁ'e ﬁlrelaetaftglnfoi)]:l% 't@ﬁar&orkltﬁ% cfiaggl dHDL

ess requen erea or up to three nore
VLDIHd LVL ke Bnhitdderﬂ tte bload engiesf andrth¢ tsetoplcomtend npise®pic

TR OO T
deterrﬁtﬂ@él S? RIQIRER efhe%faﬁsfé%@ﬁdﬂ Seol¥tcfdtis LY sterbN&ter and the

transtormati on of cholesterol to chol esterol ester and
transfethd cholgstsfod esterf frgmhmdliBE tte LBIL cus\t’IdDLfamdntﬁDLmﬁbb)Lfms wethod. The

LDL are The L onen
LCAT o e R CAFY 48 S Terrctly Py SOTgyning te
1sotop‘i’&é&ﬁéﬂt Bt RGtdpiepatisat SIIDLChblesRtol @ktet SOWERI C pattern
DL-chol esterol ester as well. G Cholestero
transport and netabolismin animals. The above
efb6dolesiord teampaéabdpelabaliguin @Rmal mal s usi ng t he
net hods as descri bed for humans, supra. In one

efRe QBé%%nbc;rc}Ekﬁ d)’f’lE‘ anpigesc (&1 Bt 1ﬁr°als @fﬁ%tb@%m%){ Yescribed

I n anot her ment , e ani FTB. S are rabbits, gulnea
for hupiags, soprahdnehe embodhmeyle tthemmmhls rareprivoaiesgsnth ag menkeys. In
anothanl | S ar e E%ggr?a}ls are re%%rfts agsulrrle?at psigso or hams?ers '_&n yet another

embodlment, the anlmals are rodents, such as rats or mice.
H. Combinations.

The methods above may be combined in various forms, with different isotopes or
isotope-labeled cholesterol or cholesterol-related molecules or cholesterol-related complexes,
isotope-labeled bile acids or isotope-labeled cholesterol precursors. Various combinations of
such labeled molecules may be used. Additionally, a broad range of routes and modes of
administration, types and times of biological sampling, methods of sample processing, and

methods of isotopic content analysis, methods of data calculation, methods of data analysis,
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The net hods above may be conbined in various fornms,

with different isotopes or isotope-I|abel ed chol esterol
worooshol4est erol -rel ated nol ecul es or PCT/US2006/017167

chol esterol -rel at ed conpl exes, isotope-|abeled bile

| abel ed. ch t erol ecursors
and mffof ettt R tgR St E P Bl R e o G vt the
needs 'éfﬁfé &)rﬁﬁﬂiohéroeﬁﬂ' ik Withh fBE glall ofange ipthela@ut es and nodes
mnistration, types and tinmes of biological

npling, methods of sanple processing, and nethods of
V. Prqdyélts@,ﬁﬂ@ igeAiient anal ysis, methods of data
cal cul ati on, nethods of data anal ysi s, and net hods of
d t
B S e R L e
particular, whdlédubestdféntsiesi dontinihiy) e perlatidhei @mhpon\i’nts Rreoghmnetased. Such

he inve Through the practice of the invention

P“dugsﬁéﬁﬁ%k qﬁ? gﬁ€F§ are generated. In particular,

nol ecul es of interest containing isotope-I|abel ed

CANBRIEhtS safpledener ated. Such products take on a

nunber ‘of fornms. A Biological sanples. The practice

of the invention involves the collection of biological |

s dhp Peastieved the Hiviegtieminaelyeethespllpgioarad dlologicg spmplen cemtaining

I . ] e

molecsrlpég omt %51[ %?g&fgog :8% e%ﬁ%lgtﬁ:ﬂgs (ﬁ{lﬁ@{egto ‘J:hrt% g{aﬁ[%nlsbt%Bg a%?led The
produofis mbh(ﬂoglbﬁSSamfplei crameﬁmﬁg aﬁaeolg)f meleduléd cbfgnt&mso(e g., a milligram of

deoxych I|c a sonme of which ar
deoxycwcofpﬁl SOME- qfaz@%%%re il TENeD b ol ogi cal
sanpl es. The product nmay al so be the purified,

|§;oPg};rg3;lm ?Wo?dg%dl)s‘arﬁﬂk&f' ed, or derivatized or
nDdl ied (Tor analysi's) pool of nolecules of interest

(e.g., 500 mcrogranms of coprostanol isolated from
h Jﬂm @rqduph@)ty ﬁk@%ﬁ éhemlmﬁ@g; léglatedawml@lbomrsﬁqdeqr gyivatized or
modlf?eda@ aﬁgls hgolm:f’ (féjc%le% of § gre&ég ge %bO' ¥1%g¥an9ﬁnof c-gﬁl%stanol
PAction o I’ogr cal” sanpl e that

1solat¢csﬁ&h&ﬁl&[aﬁd1rinﬂ) ﬁbﬁh@[ bibgRAal sagiplé Glbtainb& b pktiding thd methods of
i nt er est .a the |lipoprotein fraction of blood), or
iy

the preggng @Wm ednchiiag dgladiactipa et arhiplogied sraple ﬂ&?@ttlfhprepal‘ed
in ord@f‘ﬁ) cltcg f%rgﬁfé %{%{?&g f']Rt:g: f"q % eﬂrq]{: Ihg«gﬁrgf ‘?rrc‘fractT)F{%é blood), or to.

remomaamafmte{d msletldpfﬂ]haﬂney ederfivé edthlanslysid. non-1imting
list of such nolecules is shown in FI GURES 15 and 16,

MR}3} gllus % ‘? ran e of nol ecul es of interest and
apefgd. 8 P¥4RY for 13C. These particul ar
nmol ecul es woul d derive fromthe adm ni strati on of

3 Q2 lpphiice et tated HyahilinbatibA glsd hecl@leapttice 1sbfcoﬁekl@beled
i nvention, although the enbodi nents descri bed here
moleqadsst g@hbm’@@g list 'of such molecules is shown in FIGURES 15 and 16 which

illustrate a range of molecules of interest and show labeling positions for *C. These

particular molecules would derive from the administration of B¢,-labeled cholesterol during
the practice of the invention, although the embodiments described herein could generate a
broad range of isotope-labeled molecules of interest, including those labeled with other

isotopes.

Uses of the present invention
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broad range of isotope-|abel ed nol ecul es of interest,
i ncludi ng those | abeled with other isotopes. Uses of

wo b@eprasent i nventi onThe net hods of the presePCT/US2006/017167
i nvention may be used for a vari ety of purposes. For

e I nmet ho d t t
FRRe Bt AN DO Tt R Tatpe AL GRuED OT e, For
exampld) @hm&@%dmy Be usitad deRrAESeESratdi rehd &ﬁﬁpdhfent\é AFRQISin a
candi dat e therapi es on at herogenesis and/ o
subjechit Ineis Blegriss imayde useditorasedss iesafiacbot vagious e@d@ﬁ%@ﬂagl@@les on
o BSO8R 5 e bETBG RS PR B TG fororar

heart diftsdIpthgtdsalvaycude dl&@&drﬂdéﬁbﬁtﬂ%i@ldr@@se&sfef ect of a
candi date therapy on RCT. After adm nistering the

did h
oF R GpgEn Ao Do d0 dslfaar dseh ko heamdideisytherapy
on RCFIA £, S htgﬂn E held3fdia AR ‘{iﬁé?ﬁ;r}gty aﬁbﬁ%’ t1BY%teYT one or more

conpar e | ect may or ave
compcaleh‘fs ro&ﬁ RO Bindhe subjddt befoid et aftel adinenigeation ddthe dahéijdaq@yherapy

e.d d by th h
may bRRBHES: B Bt TP oL ACCI A lrsias [pcgfieet of the
candlcﬁ%‘ 1BERpAREL BE UBlerARBY BY e (ﬂltahgg‘%ﬂg 1h&%a@ﬂéﬂg%& €r no difference)

therapy. Such effects can al so be neasured
in the gederinenswed bafgretand attanatindiatstratiorepithy censlidate ﬂ@f@ﬁfp Sgeh effects

e

admm&tél‘lrigqﬂiidﬁbo eanel t}@aet tb ey @thérgSou vind eomgaring RCEie chetmzo

a single gral the efflux. conponent in this up
groupm%#ma%r ¥orApd idate herapies pagyibe ArlmRiBla o AIRBIEE EgHpy And the efflux

I I

comp eu fﬂxthls%&%m%% Big éar@a? Iﬁlgqofﬂ:elﬁ Elat altin %Irolégjcegdgn f%lﬁ)y Wther
types effmb{(cjaanbal/\dm dlmiqat study design, khewmed thosksofodkilt hrethp et se@mntbe

i n t| on aSLSIECt of the i.nvention, the
employal Rbte Paictc B royeno s oabs gt SeaiSly  devel oprent

and approval (DDA) pr oject or program Effects on RCT

alLarfdAse aYRet &ff the invdnlibrY, tROMSHSESMe e p@?&assd @ \

candi dat gylt%ﬁer apy %r néon‘m nati on of ecan i dat e dhfg discovery
develapmeangsind epprowel (M) prejvet eitragtand Biifeots/oreBCilase phseredsifter a
living Sgs%?nq%é e)g osed {0 a can ﬁaﬂ:qg fb)g 50 gdmnllt)ilf%agt}dsn (}ftnca{f(?]lg%@? %e?apies. The

or mat’i

data gé@ghted and mﬁalmﬂtfhdili@tééﬂtﬁd‘lDDW ddeesioriaMBingpiedtss; Ok., & provides
candi dat e t her apy i f. the RCT data appear
usefuldptommationyfor SPMﬁl@né@%@eﬁ intheis degisignyio coptipyg with ffyrthep development

L e
example i€ thetR G datamppére unfayotable. By, thm ngpans,lpyopaskd bioldcolar targets can
be evaglgql,ttggj %{%Fdéﬁ?e eﬁﬁseotC aﬂ%@%{gﬁé t{';g}:r%%]r,]vﬁ g%tg gx &(%Pgign 19n of, stimulation, on
cholet&8] €1sBbR)! arldr@Os B@ﬁértlcﬁﬁld ﬁgpfuﬁétldi’l'épﬁﬂﬁﬁﬁ P04 RIGHI AR

targets can thereby be eval uated
cholesterol transport, and RCT of proposed molecular targets can thereby be evaluated

efficiently in humans and experimental animals.

In yet another aspect of the invention, the methods are used for dose-finding and/or
optimization. A candidate therapy may be administered to subjects (animal or human) over a
range of doses or dosing schedules, and the optimal dose may then be selected based on dose-

response of RCT to the candidate therapy. The methods may further be used to determine
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efficiently in humans and experinental animals. In yet
anot her aspect of the invention, the nethods are used
wo evocdomas fi ndi ng and/ or optim zati on. A candi BP&r/€S2006/017167
therapy nmay be administered to subjects (aninml or
uman) over a.r e of . dose r. dosin chedyl es, . an

what 58 SR ARy CHEons Qs ead SIGEG o S e SRy
receiviSQAAS RS Bte@herfST of @ stijectGfith Sedetic HBREAIRhoERErol metabolism

met hods may further be used to determ newhat dose is
who ragpiicawirs addfereyt daser ofer candidatedberapy bfordeidp deve a bengficiajeffect on
RCTsubj ect who is already receiving statin or fibrate

‘therapy, or a subject with a genetic defect in

chol esterol mnetabolismwho may require a different

dds getahothecaspditddties inkertnythemaheBraré ased dwefoamulation

beneficial effect on . I'n yet anot her aspect of the
develnmyiriie Aorndidhie tﬁ%@%ﬂ’g%f? Sorrudated Bya yastatu,pEHcaents or
admirH&¥el 8) TRAkicty drAMel. dﬂ{eeef?&?gﬁRt’I’?Xhéﬂﬁ.ls%@ faahRk Rich

a variety of "excipients or admnistered by a variety
excipiefit graattess offtheale fFoe exangrie, RCAn gl ateltberapis axly e foletdgp e meore

whi ch L. te.i timal. For,.. l.e,
effectfYg i RATH DR B R BRI G B AB By BTG
mealtiis] UA @bndig@atEhbrdply thiy h1So BEITHunti $6 BE Bfbrd ¥if&eive & diven i@ time-

if it is administered at nealtine. A candidate therapy
releasgdgralapnper it sy detfounsktorhsrmaotsfefieetiveié given g ¢ singlersloge that is
e f td [ . .
rpidly FERFI O e bFd i B ot e P el B 1 P L
excipieht@rdzenpiaits ortratizyofaricltrdxtipidas. nore effective if
formul ated with a particul ar excipient or excipients

or ratios of particular excipients, |Ln yet another i

2 S ek ang e MeF AR Tt et oAsllaM Bt PGP g hien of subjects
for evaRla 861 bP&hn@fda&l%ﬁblﬁﬁfé (J. T ineValdial Lo, of rerandt Qrﬁfi@_ to respond to

therapies (e.g., in a clinical trlal)), or for théir

candigdse therapigso Givepthndangs of saatics af ehdléstaralpicted disanse) it iygossible

range. of causes of chol esterol -rel d.di sease,, .it is
that o BFilar SRS aPy ekPpf 0 BoR SERERAS UIWPY, Q8 B tAspoe
methclls @hiY BEusAnd idedRtBine WeediRY or hét 4 ShibfecE ASPprophiBte B HO@Scal trial.
can be used to determ ne whether or not a subject is

For inglspe grhiyaeishelesterplemic silejget wirg also hasdrgh lesels o€ plasma HDL may

r ] | . S. el s: .

o AR ELALSATRARET BeHb) Sl 10084300 1% B L NS i
trial. Shailaby, .foﬁaaﬂildateshérjaipiei ’cha’aM]? kbeirgmlédl gﬁtﬁeafc Elﬂjj&:cﬂs (i.e., candidate

clinical tria Sim]arly, for candidate {herapies
therapigihatre apRIpigl 108 88 Indutans r asyBekass ;g? gandydate thgragicgh the
R Rl B4, R UE Pkl R g o
givenpardidatt themamnfor e igivenabbjecttdrsulgectni ci an to det ermi ne

t he appropriateness of a given candidate therapy for a

S s B Bl R IR o

identilfy) select, and/or characterize the optimal candidate therapy from a group of candidate

therapies (e.g., multiple candidate therapies derived from the same lead compound, or
multiple candidate therapies that have been partially developed, or multiple candidate
therapies from the same compound library). Once identified, selected, and/or characterized,
the skilled artisan, based on the information generated by the methods of the present

invention, may decide to develop or evaluate the optimal candidate therapy further or to
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identify, select, and/or characterize the optinal
candi date therapy froma group of candi date therapies

W@ e00g/11948811 t i pl e candi date therapi es derived fPONUS1906/017167
sanme | ead conpound, or nultiple candidate therapies

. that have been parti al | evel oped, or mul.tiple
ticenst, i spadi e hrarapp abo fet PR S bAe Thafpeitical Bofapp o
biotecER§IBey Sipdnlyl €d, sel ected, and/or characterized, the

ski I%ed artisan, based on the information generated by

the nethods of the present invention, nmay decide to

dbvxat gpotber aspedtidategenseateshy g imethedsiof Akcepreseat Hyygntion may be

t i . ' r.any, . I

relevaIelﬁ{oi @gégﬁé%ﬁﬁgsahgﬁggry}ﬁg glggfélflg\g gé%g %%dgglﬁﬁgroaﬁ&n%ﬂ Bk RRE or more
choledtdrol-etheddiogies dapacther dspestedata poidiged b feahethodd & the present

gener at eddibg)&the net hods of the present inventjon nay

. pr,
inventien may gheddight an figlameniahappaefs ahtheApiEiation. REOrBISIRy SeYRTILY,
a o oy ¢ . g .
patholRRl RRAS s Rad MR sty MG Bly TRORidiy, discape sud
classifjention at ethebyndenlyinpiatimgsniofor phathologesteatird ofeetholasterataylated
di shgd | ight on fundanental aspects of the initiation,
1seasg 0b PHRAIE; on, severity, pathol ogy, aggressiveness,
grade, activity, disability, nortality, norbidity,
d [rﬁﬁ@%ﬁot&&b@!péa,sﬂhﬁ idefatdeBsraRRtl b9tthemethdds bF thie Pp@esent invention may

_pat qg;nic or@qﬁ)athologlc feature of a i L )
provugfm%w tionenfpadanedal @prestsd thf progaesis survivah meepidity, mortality,

. , e . t -
sege ST B0, oA A SN 0 A oPhotscro
related disdasoifiiratrestspect s of the prognosis, survival,

norbidity, nortality, stage, therapeutic response,

S tomat ol ogy, disahility or other clinical ctor of

o HoRRsCis poperts B sk e Gredaisest ibe S Lo Bes
modif&#A6E bn chélEst&R! RREDoIRY 2R trtEPHit! MRIFRIRCTNSiBAA46 What is

of dietary nodification on chol esterol netabolism and

describedaalyyyer the effpctiis détagniR&Tby Bierdhhuge (e whereasesdegesase.idpad

R Bk e B Brab i oG R R SRR o o
dietar9 Ao ddicalBre conponents of RCT as determ ned before and

after dietary nodification. In another aspect, the
nmet hods may be used to assess the effect of exercise

ot aphes asRgch thermetiods mapnbs wacd to5a5s9 the effert efifrereise on

chole @SR EfbtabSRIR LARELARSOf candi date therapies such as
candi date agent adm nistration, dietary nodification,

and/ or exercise nmay be evaluated by use of the nethods
ofin aehgrraspeshtcombimtivho of tandalsteaberapies ludhastishnditiato agent

admirg%%ﬂgﬁgtg}yg@%&%ggéne, 2nd/or é}ga?cigeartngy 82 evaliatod bymﬁsreeof the methods
of the present invention to assess such combinations of candidate therapies on the rate of one

or more components of RCT.

In a further aspect, the invention provides kits for performing the methods of the
invention. The kits may be formed to include such components as isotope-labeled cholesterol
or cholesterol-related molecules or cholesterol-related complexes, isotope-labeled bile acids,
or isotope-labeled cholesterol precursors, or combinations thereof, in varying isotope
concentrations and as pre-measured volumes. The kits may be packaged with instructions for

use of the kit components and with instructions on how to calculate cholesterol dilutions.

61



In a further aspect, the invention provides kits for
performng the nethods of the invention. The kits may

wheoobargresl t o i ncl ude such conponents as PCT/US2006/017167
I sot ope- 1| abel ed chol est er ol or chol esterol -rel at ed

e R oan g e i rlsdSt ShifRbBe Sl B ypigns isotope-labeled
comp6hk L@ RbasHifE bipS Ab&lesOk rﬁfg@blﬁweg Ny tubRERMhay dgfionally be

varyil ng 1 sot o%ﬂ‘yconcent ratl ons and as pre-neasure

provigagl luﬁh&,,klt Tﬁlém singaympis facbiyeids mmhlea? fronrthe suljeds (e-g.,
se of 0 s.and.with.jnstructi ons on
Spe"“%‘ 8 (o9 d%;e& {ﬁgéﬂ%ﬁ‘ g’p a? OPéIOP%lEX BR%C her ki t

conmponents, such as tools for adm ni stration of the
v dihie dolfowing tamﬁplle@hxel pe@lvmmna@hewttlsat(tbe @ethodbaﬁwmt@tlon may be
need| e syringes, fettes IV tu)kn ng) I\1/
used T@pﬁ@te@ﬁéﬁq e5g1w§9pa@@aeqtﬁo 1g¥eIRs eholesterp tg«}qsport in humans and in
anlmel(l§‘ STHJAPRRE §iPlhe %Pct@i'll%&%g MRt Svhife's Q&lg' ng%Hﬁ’n{n?e‘ﬁ{s have been
e.g., specimen cups, es, syringes) may also
illustrafetliand desdcyibpd,cli¢ydad noflineenfled todimitgheseploas ar e
provi ded to show that the nmethod of the invention may
be used to determne th i conmponents of reverse
chol esterol transport i%gégggiéiand in animals. Those
skilled in the art will recognize that while specific
Exampheblo Q&R ntesnenpyfrhb e icbipsianpbeRCAM hgagat | bed, they
are not intended to limt the invention. EXAMPLES
anp] e 1. Measurenent of the efflux conponent of RCT
i AL I ntroduction The efflux conponent of RCT is
the first step in the renoval of cholesterol from
t iThg eetusBitinddnem $freC Mok figd 9RpiiS te rMALPAGTE cBbisterol from
heal t hy human vol unteers were adm ni stered 200 ngs of
tissues @od Grpnate whield ergemisml i ntravenously at a rate of
16. 66 ngs/ hour for 12 hours (FIG 17A). 20 to 40 m s of
bl re collected fromeach subject 6 to 8 tines
M course of the infusion. Blood was collected
i mredi ately prior to infusion for five of the six
s \§ix kedlthy htiotaalvohetess whieladsiisisteted S99 mgsdfaeds BC, cholesterol

intre GRS e 1 OB B o Ry (Bl - 2030 A0 sty prblood
were BSIdHAHNUE eiH NBiREELYS tiffal Q{Iérgﬁe c@lﬁ’gé @fcthg ﬂlfhsg&? Blood was

petrol eum et her,” dried over sodi um sulfate un
colleqigd nmg@dlatalyqarnmt@ igusion foz dive of thel siresidbjedts. Tetsl serum cholesterol

uent | ecte nt o_an nodel,, 6890
was SHRSEEY Gtemin BB Sh R s ST s D e it §aesterol vas
then deiVBizddU4b ftls ABeth NdERENS i RNad¥B A @hlobdb 2extasted AP PE@sletif cther,
a set of standards with a known 13C APE in order to

dried gueresodiune sulfpse wler pitragae And epepissituted in toluene. It was subsequently
injected onto an Agilent model 6890 Gas Chromatograph coupled to a MAT 253 Thermo-

Finnigan IRMS, running in combustion mode. Data was compared to a set of standards with

a known "*C APE in order to determine the APE of each sample.

FIGURE 5 shows APE data as a function of infusion time for three of the subjects. In
all three subjects shown, >C APE in total serum cholesterol is seen to rise toward a plateau.
The plateau value represents the steady state enrichment value that can be used to calculate

the dilution rate of labeled cholesterol by endogenous cholesterol efflux. Because not all of
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FI GURE 5 shows APE data as a function of infusion tine
for three of the subjects. In all three subjects

W@ b@wn19438C APE in total serum chol esterol is BEBNS1006/017167
rise toward a plateau. The pl ateau val ue represents

e b SR S S bR U S oL Pl BRI, R Bk e
deterrrﬁﬁléip@ﬁﬁ@iﬂg ke BlaB8b181dala 16 hh biponeBeA_USR sHel asihk faﬁdvbiﬁg

subj écts reached steady state enrichnent by the end of

the experinent, the plate eterm ned by fitting
the avail abl e daﬂ%Cto a]a%pcp@neﬁﬁ)t al curve such as the
fol | ow ng: 13(:,: ) ) ere "a" is the
pl at eau val ue. The di I ution rate due to endogenous
cWatieSheisahe plateau valube rate of appearance of
endogenous chol esterol) was cal cul at ed using the

uat i on bel ow e(Eand as des ri bed

%@1.118%@@@15 erlogensE© PISFt?r‘ﬂ s |t5% Fess Pldrpeazance of

T LS AR5 o i et

had a pI at ea;yflsclgggla\c/bzll zght%f 0. O)(l)138 % and received
I e Bsterpg) h .. The inf
oA R Eﬁﬁ%&ﬁ%&ﬂew@oz@mﬂ c bt dBApgeserod

scaling factor for the neasured 13C APE is 27/2 (This
can conceptually be viewed as converting the 13C APE
into a cholesterol M2 MPE -such scaling factors are

knmmnplet, lebjedtB)had Bhsatead HCi APE valte 0£0,081380%, hibreceived

omes: DilutionRate = 6, 66 =8
choleS@er@llaé 632tROE 1008 @&%@@ﬁrg EL? ’!\I@ﬁﬁé shelgstero W%@E@é’é’@r 27
f nj f: I [
carborf‘s %Adé%)t t‘lél@ E@al%@tfﬁét&] f%? ﬁllsgltﬁeeaggéee fdeF;@E i9 %6/% (ghﬁ cAn c%nceptually be
v1ewed) ag ccﬁ%rtmy the “0DAPB Ao rmphhlestoy My P/ fmch@@sﬁu@'/fgctors are

0 5 /[ hr, These r represent the first
knowi B85 ity Ty B e SR oD B OB adai i onal 15
subj ects were studied, denpnstrating the
i nter-individual vari aq5I65tn% of the measurenent for

both k and I@lWMYd@I@FWﬂ@éW%ﬁES?&M‘% ateau fit
(FIG 6A).

Results and significance

Rates of cholesterol efflux were determined as described for all six subjects:

Subject ID: Rate of efflux:
001 891 mg/hr
002 640 mg/hr
003 647 mg/hr
004 878 mg/hr
005 979 mg/hr
006 959 mg/hr

These rates represent the first component of RCT in each subject.
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This experinment illustrates that the efflux conponent

of RCT can be neasured in humans. The technique is
wae@anses and rel atively rapid. Measurenent of P€T®S2006/017167

ef fl ux conponent of RCT may be used to assess the

a of v us candi dat erales n.RCT, .or.t Y s
o S @he IRt e, deMeo B 8 e ia gL variability
of the wasﬁra%eﬁrfsys&hlkoemaqta dal Rt Rbmahe AR NAALE! FIG. 6A).
at her oscl er osi S, or art eriosclerosis. For inst ance,

the efflux conponent of RCT in the subject before and
afl bisrexpertmernt sl wsinates phas the iluxl eergpensahel RGH cpe be measured in

humal!Pt her osg'ln q:[llg% Qéé@ﬂ‘i eﬁ}éag? 513@ ﬁgg{l:eagﬁg%a{l fttﬁee?féﬂél y

comptieht ofleC eﬁa@r 18 uzed tdoyssésl ehecdrtiog o f (&xidhs, cahdidste dlgRapies on RCT,
decr ease, no difference) in the efflux conponent of

or to qﬁévafﬁéh%%%oé yapisgapdidatg tharapies o8 fReRTeYSaon o tredtmenkof
athero%éﬁl%is g.é‘rbgél%r SRV or ﬁéﬁgscqiérf)glgr POCEStaf éth%I e?ﬂu)p@onﬁ%onent of RCT

dmi hi st eri ng candi date t
in the gulgjeqt befors anlnd eftdr sd man skragichiod o ithst dmg Rgerp lcac beb coroparad The

subJecE; g}%gﬁémty r@& Ee of rq;fo§ %8%11 "ng?: g%g n&%{; q%g}c{%p t‘ﬁferfalpglJ )\(Nlll be

deternfiaBdlb il Bleh @f GRcramg, BRrAdEN R nd WP Ended irfths ieflilScomponent
roup, and the efflux conponent in this gfoup may be

of RCd swpagasuted bef@r%m afm Iadmgn%tra@nn ofitheesndidate tedrapsuxSuch

ndi dat e t her api ntJ i.ed od have
citterg PR b b ERARAE LD it B RIS o B o
subjed®, ahd) @driainasEftn CHATEDO &R ho @ierﬂ@Ttoltm heRGBirh, %ﬁ&bh?ﬁn@é the
chol esteraol ester. Introduction The netabolismo

effluxgqmipenenob RCGlni the 5ve gioups. oY inklaryeeandidate therapiea ey e
aamiRLEEH 5018, O£ QTRARER, i i 47 Bimpard o

historicabdisd oty chdestirdPefflage FI GURE 1) . Sl mlarly, nodulating
the activity of LCAT is a legitimte goal for

deyvel.qpi navel t.ne CAT.inhibition ma
e s Wit enni B tisinr B8 B iR HobRe Ryt
pat hway in a beneficial nmanner. The presentinvention
provides tools for the neasurenent of the plasma
conponent of RCT, including nethods for the in vivo
nmeasur enent of LCAT action, CETP action, or both.
Met hods Two heal thy vol unteers were adm nistered an
i ntravenous bol us of 100 or 200 ngs of C2-chol esterol
suspended in a lipid enmul sion. Blood sanples of 20 to
40 ms were collected 3 to 4 times in the first 24
hours after the admi nistration of |abel, and tw ce
Examplaek dédaserement ¢fithe plasmndompPorray f ROEin hiathens; formation of
chole@ ’n‘znltst ration. Chol esterol was isolated from each
f86&'Y. anpl e by

Introduction

The metabolism of cholesterol and its transfer between various carrier molecules is an
important component of RCT. A major current molecular target for the pharmaceutical
industry is CETP (see FIGURE 1). Similarly, modulating the activity of LCAT is a
legitimate goal for developing novel treatments, as LCAT inhibition may modulate the

movement of cholesterol through the RCT pathway in a beneficial manner. The present
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centrifugation foll owed by nethanol/chl oroform

extraction and then thin | ayer chromatography (TLC) .
w@habaswas ol - ester was isolated by the sanme terdnUS06017167

but using a different TLC nmethod Both chol esterol and

. chol esterol . ester were cony ed to their ace . .
inventGel BT UGS QB DL A Se RS o8 G ARon e R Ty ingluding
method§ &t REHvPesZrerh&YRf LA T AalastETPlacBo of Bothest er ol
ester fromeach sanple, as described, supra. Results
and significance The 13C APE' s of chol esterol and
cMgtlodser ol ester were plotted versus time for both
subj ects (data not shown). The conversion of

¢ ITQJO%EIIG&;}PJ{OI Gl QLS écﬁﬁi%iLsteq‘éJ %‘I in%%%ﬂo%s %Xg‘uﬁ of T?O or 200 mgs of
course of” twelve hours. ese data grve a direc

1B¢,-cholditerl suspendedtihe lipit éntilsiono Blod@hniplesdf\20, to 40anis heye collected
that .this. part of the plasnma conponent of RCT occur

3 to 4 s dn 51.6 fisbid s HeF Hipa BRSO OfgRbrtcand racssienlen around

5 and %fc):_%_i%§ ﬁl%,f-la@ell)elﬁﬁﬁinﬁfra d. @lgolééi‘&ogéfvgstsﬁgla%‘a%@ @élths’ol&;df sample by

,_especially 1 n the context evel opment o
centrifiigadomitollowet by apitlmol/cidatodoryt ettthction anabthen ihih dayent i on

about .c ' et her acti.vi.ty.in_.vivo and abou .
chronfytpets§ AR E Lo fotiso Bk Hascintindd bl e iR o Priiepmut using o
differgtt I3 EmMEDER BdeNEhoMstdrélTandRoREteFd 35tef Rerel Fdn+tEANS their acetyl

Measurement of the plasma conponent of RCT Eraéhbe used

chlorigedefiwsiizes astiesatherofvpet VA ilBuwas determeinedby BRMS fon

sholeshl 314 FBRSERUTIRL hARER Rishols; AHHNG, I o
therapies. As with the other conmponents of RCT, the

i Resulisfand atgindfitanéde candi dat e t herapi es that can
nodul ate the plasma conponent of RCT woul d be of

SR £PBL SURRLE e Bt ST AR e Sl MR TS ETBAE for bot
subjedtftdaniist Shmhh R fcbhvetsieR BPeetter8f toREdlek®rdl BStef bdchits over the
conmponent of 'RCT, and is a process that may be

coursq eff tgeel eechoyys. Ceheas date givielnaedirgst imdicaiply otiha ditdtyeofti{ed 8 gy vivo,
.1 est ' i mal f th f
and sINT et it R T pEaRRL PERETS cp b S T3 G et

compSHHp 6NROT, Si8sEueeriht BF 8isht @Ghattior AL IGE RS pldddhBcoNsomphts of RCT,
shows the sane experinment carried out in rats. Mthods

especitii irheicapisxbefdhe Aevelopmens of eandidateithsranies cpuldyiskdiapable
: : ; : f - est erol
infornfatioR 4BhrcoFARER IR st v Ao flnbrsBlgy”

m cr ograns/ hour), and only 100 mcroliters of bl ood

wdihis experimentatusitatasdlat the plesmpocorhpontdtof ROTakh ¢ nfcasured in
humalgqr1 gwg{t%e%? éﬁﬁ%ﬁﬁ%&h%@%&%ﬂéﬁ%ﬁ&dﬁ{néy Fbg %séc’dt t% r;gsaersg th'é%tction of

various candidate therapies on RCT or cholesterol transport, including CETP inhibitors,

LCAT inhibitors, or other such candidate therapies. As with the other components of RCT,
the identification of candidate therapies that can modulate the plasma component of RCT

would be of significant commercial value.
Example 3: Measurement of the efflux component of RCT in rats.

Introduction
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rats fed a high cholesterol diet plus cholic acid; and
rats fed the high cholesterol plus cholic acid diet

wo eroeA4aays and then returned to nornmal chow POT/U82006/017167
days. In this case, the aninal nodel of disease is

di duced hy | th t af the
QB b Eane ok RO R L Eaentent ek GF Stnd % g prpeshet
may H%Bfax%et%& g tchyBiMe ﬂepapq*esr %ﬂy@nafaafmala ¥ hRkes 8§t0d in animals as

| evel s on switching to chow. ennnstrates t he
part oétheguecess ofdeyklopmento| Exainglls & damonshfaéeeidhﬁghf( M@gmpmnt could
| oadi and.subse urn t o _nor mal .
be meafEd BSum R TR CRARE rah S Hit e AR s
into plasma. Results and significance FIGURE 7 shows
t Metbour age rates of efflux for each treatnent group.
The chol esterol cholic acid fed animal s have the
hest effl u rate i ndi catin that the ef f 1 ux
é‘%ﬁ %f%ﬁ%{jﬁﬂ ipdrapRicah sEPRentsEPtthat only 1.2
MBS RER Jl é£kﬁni‘ﬁf fté%&l f 160 n}idd
mes :DQS% chol erst 2{6(1; rretaS bol |21r%q£tg1‘lérgt u?ﬁ%ﬁ%ﬂ g 311 \Agfgﬁﬁ/hour)
and onlyd ORanicwlitepswef blbod wast cojletted ot eagh itizeedpdintd i Achlitionglly, four

si.stent ef |l esterol, fromthe . rat .
sroupl 35 S B rerh e Lo Re SRR HEVe IR B digh cholestorel diet
rats fedGd mFﬂ cedledt@BIGe: plus SRR AMd; Bnd PRl RAURS Biloh \Bhblesterlo$ plus cholic

still being cleared. The data herein successful | y

acid digsd demkst days end fhengetyred do aermed chew derdaysodn this ease, the animal
modepélfeﬁgéa et gﬁ(ﬂl‘ae{'fl%pe - Ies’ce %{:@tﬁe é‘ffec%?ﬁllér ﬁgﬁ?émg

erol excr nmeasur enen

incredsingdpnid chofesehd] tiveedby |arrélet1b¢1y gapid EbtaRny adMabéholdsterol
ile acids. IntroductionThe hepatic

levelsggl%%sger TochrF f‘% ' dyrasnsfretes ha o g%?ﬁf‘é’;@ lestergheholigacid
feed1ﬁ§¢ﬁolb§telro @ﬁl@ Eﬁl?se{l ré%l?[rﬁr%? Flgﬂfal%ﬁovg%h r%lhﬁﬂoadmg)

cho este act ua eaves 't
onthddﬂakb9QMﬂemsukmmewamnd t he hepatlc conponent of RCT
will, anmong other things, allow for the determ nation
of, t S urceﬁof and rate of synthesis of al
c °bile, i ncludi ng neutral sterols

(e.g., bile cholesterol derived fromRCT or from

h@p@U‘R@ ’plﬁlomwne eveRhgsiaRk of cSlRLBESICH kre@naie %fou@s The!l e
aci ds deoxychol ate derived from RCT chol ester oI

cholegigrohgheici atidefed Aevilshaverbahighest efbagteedicpting tiahtigettlux
compb@%? { gglrf' rﬂéfﬂe{ 12;9 %@@%f ?{e %ltt L tg?ll:% I %Hggferfgr thBlef8s of the
cholestelml Iuadinlgailet(cho]eﬁtemh yesdbahiba- Cadetpeing adehow diet theRads lower
but ncgt%fe‘? r?or;n%f‘lgedo iil%lfcating persistent efflux of cholesterol from the rat, consistent with
the notion that the cholesterol cholic acid diet loaded tissues with cholesterol which is still
being cleared. The data herein successfully demonstrate the testing of an intervention in a

preclinical (rodent) model.

Example 4: Measurement of cholesterol excretion RCT in rats; measurement of transport of

cholesterol into bile and conversion of cholesterol into bile acids.

Introduction
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Rats were adm nistered an | P bolus of 100 % deuterated

water in order to reach a body water with an isotopic
weowban43of approximately 5 % excess deut eri unPCRESB06/017167

wer e subsequently given 8 % excess deuterated water in
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. . 3 . eS \I\E r e .
synthesigk anwekhps Dilegdds (erte dspxydalate deaived WiomyREAchelsisigsol or hepatic
0 o @g& es were collected daily for six days
deno?ﬁﬁﬁ%ﬁf%%fgkgébo és doses. Determ nation of sterol
excretion rate. Techniques known in the art were
eMeltlmded t o determ ne the mass of each bil e conmponent
(chol esterol, coprostanol, and deoxycholic acid)

ted each day.  Alternatively, th |
L ahT B R i SRV T o or from the

I iterature if the strain of !rat of i n.te!rest has been
SBushidesld BERY batisikyard REBEctE pridras tHeQeiihisRatton dfHAY @fible-isotope
content or isotopic pattern determ nation

label (sefaed Wrasnday BY)- de novo chol esterol contribution. A
variety of isotopic content or isotopic pattern

B SRS e GO R S
body watacwithgn dotsmmcaitertt of approximately 15i% exeass dawbnyminn Ratsheere

resyltin etyl ene .,gas .usin Mboni tor series 3000
subsed i iy S Seash BOH PRI BT I SRS g e geady stat
level c}c}g)s)ﬁ? wWaldr deBiRrifAl Ctheahd RpPordfiord e ul b RQRtRAted WRE: into

' he nol ecul es of interest. Cholesterol, ) _
hepatie dpnose aynshesizad ¢helesisapt plbivas for wer detqymination o thegrardemef bile

e AP R R oS BR s 05C

hexane extraction to isolate the neutral sterols,

NRutsvadre aiso gdinhesteretan Mntryeaciseolss qihasagwbf HC, cholesterol in a
.. e€r§113égr_ochlt§)lri c acid, and then extractjng with ethyl
lipid eganlsign at the spue Hmeds theelaytqraied piates bolphe MPE's of the ML

i sotope of chol esterol, coprostanol, and deoxycholic

agilshaehpldshaie BRELUAMNSE: Bve FEOMR. fo%@ﬁg‘%ﬁ?ﬁ&lﬂ? Hods t Riool

the plasima deuterated water concentration, ese
samplaewsigroettested dailyl fowsixalays frdlosiangetheibohtsidosesof t he
fraction of each nol ecule of interest derived from

NGl YT LI AS) 758 chol esterol (FIG 14) and

Techniques known in the art were employed to determine the mass of each bile
component (cholesterol, coprostanol, and deoxycholic acid) excreted each day. Alternatively,
the mass values are also obtained from historical data or from the literature if the strain of rat

of interest has been studied previously under similar conditions.

Isotopic content or isotopic pattern determination: measurements for de novo

cholesterol contribution.
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correlation with other netrics of RCT and tissue

chol esterol bal ance. Isotopic content or isotopic
wQattbat93glet er m nati on: neasur enent sf or hepat i BCTRI32006/017167

contribution. A variety of isotopic content or

ot opi c pattern nmeasur. nts re made. ol estero
Ve 9 IS0IoPie SATERECTHPUDRIC BARET B RIAN S Yo ade) The
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described, supra. The day O neasurenent provides t
plasmb el qatpemrr@a@ndeeammalyfzmg thireesultiag APRtylsat gad mmgmMoagor series

bed Th APE | L
3000 SERSEN Ry sRRE R bty Bt B BRds fobdh R Rign Fine
maxinGXh etsile MPE firahe fldRcalet 6f RkeretOpr ost anol , or

deoxychol ate. Coprostanol, cholesterol, and

de chol ate were_ purifi ed fromthe stool sanpl e
e%sfswlac&wsmph B¢ gpoxychatale wase puifiedrgmystool samples from

days 1%?33&%3 Bl B EE SR I B ibar 0l M

performeng b hexame testradtionwo isotate the rxdeﬂrﬂrsmrmla,t nemirabifing e remalnmg
fraction f ea nmol ecul |nterest deglved fr

aqueo 1aSg-X1 rigract <$ Fbgﬁgr& TARE VIR §t Metagot'o 1agate the

bile ad1@¥, orl&yzomes%fztﬁg Mﬁ%t@ﬁé &f QblesteRs, Cop¥dsBHN, RAG AebbR-hMi&acid
of the ML |soto§omer i's determ ned by nult’iplying the

were them defernoiedky uWVbemcerdbined withithe plhsmardeuigrated water

T LTI A Ao
molec‘&le&iﬂ intefest MIV%EI @lom Begakio sk aAbRY synﬂﬁe@lzg@ eboleiabl FI6C14) and

were divided by this maxji mum possi ble value in order
correlgtgpon with gthep élefricé@i RS e tsgasichabesterpkbadmcey ed f rom
hepatlc de novo synthesized chol esterol. For RCT, the

e R PR RO B SRR e RCT

contribg@r.ved i n pl asma chol esterol averaged over an
appropriate sanpling period (determ ned based on the
ction) in order to t t

f Co e e

¢ PRBE RO B R AR ER eSS tie pPYeh TebhaenS wiFe mgtE
Chole@t@ﬁﬁ wak parif¥e Fref e bRRMIsefplea sakéd oh Ay S0 tHrligH 6 8tPifaBzed for

the 13C APE for stool cholesterol, coprostanol and

C ABEdyyehetRMSias deseribah, sunsa.ddle daysd mepsusempntarqwides the baseline
meas&ilél?ﬁéﬁjtqgr ﬁ% lid‘ﬁpﬁ 208, Bl a d?e‘écfﬁo%& {up%{‘ Ay o 15 P Gr 456

es bl ood et Ol ne aver agi ng

cholegerolivasudeldad cilbﬁamihd: ﬁ‘iaﬁ’inmﬁﬁ podzitde APE thatadntbe expected in stool
cal i:ul ate fractional %ont ri butions reflects the bl ood
cholestergl. cepropianole grdeonyeholaten over the entire period

during which the sanpled nol ecul es of interest were
b@oBﬂ)sﬁaYlBI ReSi@6€1, aha dE&?}Qﬁbﬂate' vVerE Bﬁrlﬁ@& £oRf tht B0l &mples

the i deal "averagi ng period woul
taken on days 0 through 6. The molecules were subsequently analyzed by GCC-IRMS for
13C APE. When combined with the *C APE of blood cholesterol, these measurements allow

for the determination of the fraction of each molecule of interest derived from RCT.
Calculation of fractional contributions.

For de novo synthesized cholesterol, the maximum possible MPE of the M,
isotopomer is determined by multiplying the amount of excess deuterated water in plasma by

a scalar coefficient determined by MIDA calculations, or by historical data. Observed MPE
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averagi ng over the period of tinme it takes for the

contents of 2 stool pellets (the biological sanple
waewe)119488 be excreted. A skilled practitioner PENUSHE6/017167

however, that the inportance of averagi ng decreases
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Results and si gnl ficance The fractional contributions
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to each’ nDIec 0 eres
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sufficient. For instance, her ap hat i ncreased the

possitle APEysed ta eplenlze ﬁ@pm@ahﬁ@mbtu@ne mﬂfgtssibe bipoil nholeasnohg

ConceWhogvo cjhol es%/e@e o\%8 CPJ% ggglll L ﬁm}{\/\ﬁlle@ %{O & Lest%fq érﬁgreSt were

being tyrethésimdt Invdidotl, fothe b;aseecfff e tat Vtﬁe ﬁieal AefRaR 15&108@'0uld be
ncreasi ng the elim nation of chol estero

averaé% H’t’ﬁéh%ﬁy)‘\ﬁfé@@ﬁakéﬁ fordbe sordantngf 2 FF@OIrI?eéll@tSthe biological
sk SEA B OURRE 0 L BEOREE s o
averagng deqreacsns whert t}ﬁd 86 APE diblend ¢hotaseasiepproabiegsat steady state with

o OB T o e ke S T PR

situatiGhy, thdladn@ !> (AP dEn BRI chHR P ﬁjbfrle@!élﬂgl@tsaﬁgleaéah be T6&I as the
net hods of the present invention allow one

maximgglgalusgui sh bet ween candi date therapi es that increase
RCT versus those candi date therapies that may increase
bi,l ' t actually decrease RCT. The net hods
of > 130 Shonfl Lafﬁgreventl on can also be used to identify
opti mal doses. Measurenent of the hepatic or excretory
¢ 0hp fretiinabcorfifutivay ofitsb dhelesterd sb@ceRCTUak ge hbﬁ) synthesis) to
effect of candidate therapies_in various_ anina
cach glagfis of isertpciolistsol ErrROTEHM A P PRy b Buliplicd by
the ex8RBoR T4 ofadBh Hio?échﬁtlh%dé?fto% 1&9 Uk SQed GRA de f&OBl each
conpared. The effect of the ate therapy w
sourcglet erm ned by the change (e.g., increase, decrease, or
no difference) in hepatic RCT as neasured before and

af},g ﬁlealdo@s o% terp?ctaslegp 1n%n’ut.otr]f:*}la%:féfjl Q}gtlergs?\t/eepreclinical uses for the discovery

and development of candidate therapies. Understanding the contributions of de novo
synthesis and RCT to bile excretion is critical to such an analysis — simply determining the
rate of secretion of any or all bile components is not sufficient. For instance, a therapy that
increased the excretion rate of bile might be doing so by increasing RCT, but it may also be
doing so by increasing hepatic de novo cholesterol synthesis, in which case the treatment

would not be effective at increasing RCT (i.e., increasing the elimination of cholesterol from
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t herapy. Dose ranges or effective doses, the nature of

t he dose response curve, and other neasures of the
wore@hanm43sn and node of action of a candi date tPET/ES30)6/017167

with respect to RCTrel ated action, can also be

e bQERERET RS i oIS ey,
candlamatﬁer@@tth@ in@@hst$ e MAB IF bite SRARRAEHI dobs Ry arSlnmela% in
to that described above, the effect is determ ned by

hepaticteholepigiod syrthesis to aj lvel avhses RG&;&% ecisally dacraased is an undes1rable
mechagr#x{rfl GF %ﬁﬁ)g)anh an%’gﬂ?%&é éc;l{) I%ogn;e ?1 tegllrn,:cn)ftneegrﬁ 612 gf) %lg gln%eéhods of
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of ani mal s, and adm ni stering placebo or

versug W@?%dedatﬁth@a%ﬁ that gy wreaaﬁ bile é@%@trqnﬁgn @ﬁgalbgéﬁarqa@e RCT.
mhe OSSRy AP 1L BT s

rats. A reflnenent of the approach outllned in Exanple
1 ,Mfianwr@mmsoﬁ‘thﬁb beatit ion ngId:teryRa)anonphmrﬁC’E hmlyeam)éjleojsed to
i nd t.hat. measurenent wi.th th ctiona
ovalu g e P alAR SR P 8 PP BAL ogels g Bat B, i hepati
arm oER@TWeford an&/BftMmTﬁi@trétﬁﬁ%ﬁy dRlg RBEATIR bEREMBSE.! Ahe effect

in stool is defined as the proportion of adm nistered
of thewawhfi@a theranyesildhesdetermanedysthe zh«'meé@tgl, inctessel depnsaser ai no

I % Lecaver.ed
it BRpahd R SHLERSE AR LARURL sSFOHEL Y U5
therapgln Mash mamks oneﬂfmaé dmtﬂlahatafee(ﬁﬁlhé do%ﬁ@sﬁ&é@@ﬁve and other
xcretion of neut rols and divided by tota

st
measufgsiet th BICERATETB A Jalﬁflﬁ pLactionat aggndidate Mere i rszspﬁ@t to RCT-
relate® %’t&[o%t &th atso/bd ARRurd SRR h?a[%an%focnc Pgl ﬁ;g:r ?lor Che

adm ni stered The same ca
recovery of plasma chol esterol into bile acids
ek pratlest viariatsang te methods mey be tseddb eshend thh effectrod diegarg

moaiAHRELD R AGAR, o IBYER Rk SBIR HRLA Sera s e ofctis
deternfined B ttefchehed @S Ghéleadesdsondagel R B difseARY ¢ hdpade RCEas
recovery of adm ni stered chol esterol in fecal stero

deterngined pefarendadtendistasnmedificetionas descri bed. Results and
significance Shown in FIGURE 11 are the changes

ORGEH ¥i#rdnled¥ah Ado'Be Ihégsﬁrea%lﬁftardﬂ'lm@{eﬁﬁg gnd(lﬂt&herapy to one

group of animals, and administering placebo or no therapy to the other group, and comparing

the hepatic component of RCT in the two groups.
Example 5: Measurement of “global cholesterol RCT” parameter in rats.

A refinement of the approach outlined in Example 1, involves calculating the Ra of
plasma cholesterol and combining that measurement with the fractional excretion of

administered cholesterol as described in Example 4.
Method

The recovery of plasma cholesterol in stool is defined as the proportion of

administered labeled cholesterol that was excreted in fecal neutral sterols. It is expressed as
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11A) and bile acids (FIG 1lIB) treated with
chol estyram ne. Chol estyram ne is known to selectively
WO pivchid43di | e aci d absorption but not neutral BCBDS1006/017167

absorbtion. This is reflected in greater increase in

the flux of pla hol| esterol jnto.fecal .bile acids, .
%% 1abe iSSP VeHA IO BY Laqo ARGt Rt & Tt S T Pl apment in
fecal refitral ﬁerbﬁ?th%fnf@&éy Slor&palorAbieal QRré¥ind dRRiel 'E%Ft@t%ﬁﬁﬁ' 1™C

plasma flux to néutral sterols is consistent with the
cholesterolwdnmnistesgd. sm of action of ezetimibe to inhibit

i ntestinal chol esterol absorption, including the

re-absgrption of endogenous chol esterol secreted from

the M vErenfighple bi | & and MHESIHHE i nt er st ne. Shown

in FIGURE 13, the effect of an LXR agoni st™ on 0 label recovered

excretion 6IC glodestemolcddolinistesadol i nto neutral sterols

and the gl obal paranmeter of RCT. LXR agoni sts have

been shown to reverse atherosclerosis in nouse nodel s.

Consistent with this effect is the observed increase

i Th&kEine Edeulaticat is amdeifoiithe smeveay pf phsmarchlestGol idd@pile acids

al so supports the strategy of valjdatjng theyrapeut .
excretpgpbgf)éj. g@gs marﬁére ?egéﬂg’e(%mﬁ% wp%lpgﬁg?ﬂal Bé,oaigsteroi ICowerlng
agent$ SRS164t&b1AnMY etz&irﬁ_ﬁ)%,sHXR%fgagEt flasg s 17heg8e RaDtlchSlesterol is

denonstrate the utility of describing the effects of

calculpled aprdesstibed dhe iepovery ehadnoinistased GoTestardl inlfeesd sternd or hidswacids

h i ght he ., used to rank or identify inproved
mea&?F%?ﬂ#3E$ﬁﬁFﬁe pat hway. Exanple 6: Measurenent of the
" hepatic conponent of RCT in humans; de novo synthesis

of bile acids, measurenent of bile acid pool size,
measur enent of conversion of plasnma chol esterol to
bile acids. Introduction The hepatic or excretory
conponent of RCT is relevant to the study of RCT in
that it represents a conponent of RCT at which
chrekaatanQlonftdHad | y | eaves the body. Measuring the
hepatic or excretory conponent of RCT in humans can
serve a variety of purposes, sone of which are

d&beyn eHIGEREd araHhe cagnges absesyedon RG@h fiuy ante neutral sterols (FIG.

ap] ok~ h j.eGt ri t j
1140 PEIELER (o ST A S PR R R Lo o
selectpreBsighibiti biléewid ablorplibe butSot @kutsdl Glerélabgorbion. Uik igmeflected in
pl.an, or cancel a clinical trial, or to support a .
greater égigage By {heiuxiof glasea chalssterphinth desg! w&/%ql%%ptﬁ@rmhab?bserved in
neutrARRFSval of a candidate therapy is also an exenplary
use of the invention. |deally, neasurenent of the

hepatic or excretory conponent of RCT will, anong
Shown in FIGURE 12, is the effect of ezetimibe on RCT. The increase in plasma flux

to neutral sterols is consistent with the known mechanism of action of ezetimibe to inhibit
intestinal cholesterol absorption, including the re-absorption of endogenous cholesterol

secreted from the liver to the bile and into the interstine.

Shown in FIGURE 13, the effect of an LXR agonist on excretion of plasma
cholesterol into neutral sterols and the global parameter of RCT. LXR agonists have been
shown to reverse atherosclerosis in mouse models. Consistent with this effect is the observed
increase in RCT. Correlation with gene expression (FIG. 13B) also supports the strategy of
validating therapeutic targets for drug discovery and development by correlation with

measured RCT fluxes.
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ot her things, allow for the determ nation of the
source of and rate of synthesis of all conponents of

wo b@ohi4488 i ncl udi ng neutral sterols (e.g., biP€I/US2006/017167
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adm ni stration and biol ogi'cal” sanpling. Blood, stoo
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c Hbe bepasicor exeretory eorapingst ofRCY ésifeteyanide thmsmdy of RCT in that it

represg né';c%%pége%}tc E%CCE@%:\&@' ]? 8IFOIT§S1“%§§§%‘?@P&%Y§£ th% ody N I\}Peasunng the

hepatid@l exdretodt tanpsent HER QDA homanf cahfﬂf.@ﬁ/@ alRtiegWfesirposes, some of
derived_ from bl ood chol esterol (i. RCT). The

whichgirp (escrRebRURRY TOR 6N FIBatiR of camhé@\tg hsapieia human subjects by

L s

The uskaof sych data lan JLtstnyZ ptimysr qnsd] al dinélal athiyionits suppbit@areguiatory filing

rats. a 4 in Bl ood was
forthe ST iaRP A SRR CAHIODOT G ooy Joding g1 Cxspalery use of
the my,\gﬁloﬁol | ected periodically for up to ten days in

humans (sanples of at least 50 ms). D fferent

subj ects may be adm nistered different | abel ed

midealy naeasyrenteat ofithicdepasit arsxeriefore r:@npormnb%&c{faivﬂl among

other 3R, WP RETHEEER Rl VAT 9 sl o PG e

compémﬁihjtsﬂﬁttﬁe bile, efidleding Qetktel Bfﬂeﬁ)ww'gﬂ steechpl e tchisl@lefilededmi RCT or
a paopul ation of subjects (e.g heal tg% adults, those

from Ygnetic Ay perasholestarelsynthesia) asevall g bilerpcklsde anideevicholate derived
from Rb*r JIBRSSA ST HE ti%rd% n'&@? ﬂtﬂesﬁz%'d%h stgfofl)f erent drug
treatnent regqi 'so cont e or ‘1 sotopic
pattern determ natl on: measur ement sfor de novo
c bMdtesdser ol contribution, calculation of fractional
contribution of DNC to bile conponents. The
C ntrati S rrea ured in blood sanples
Z‘fé% S{W"ggﬁgl"% Wﬁfgqﬁﬁl ézgctl ng plasma with
cal ci um car bi de an anal yzi ng the resulting acetyl ene
g &doads 5191, and urine samples were collected in human subjects and in rats prior to

the administration of any stable-isotope label (referred to as “day 0”).

Subjects were administered multiple doses of deuterated water in order to reach a
body water enrichment of ~ 1 % excess deuterium. Subjects were also administered an
intravenous bolus of 13C2—cholesterol and receiv{‘e 50 mgs of 2H4 cholic acid orally. The
incorporation of deuterium from deuterated water into hepatic de novo synthesized

cholesterol allows for the determination of the portion of bile cholesterol or bile acids derived
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Moni tor series 3000 cycloidal mass spectroneter. This
data provides the basis for the calculation of the
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in,urin cholic acid is divided by the 13C APE .
comblgkd Wi dffia o oL NS e s Bt OGP & Gomplpicture of RCT in
a pop@PRSIOSN JuBjedtsYB IR heMehyPrfultd Ahbddatitd By REGoRARES e, ERY. In one

frequency of sanple collection), as one way to get the
embogimest, o messutsmehtsrmt wedt in rdtsranvdiffereniodnREFatmant tdgémens.

case of humans, the 13C APE of plasma cholesterol is

k ; ' I; t const ant at,. ar,ound
R e e
cholesterol ewtrsbutidatalchlation bifpasmmpl e ButiRef DNU tBbilesmponents.
fromtwo healthy subjects are shown in FIGURE 12. The

calculations indicate that approxinmately 8 1 % of bile
a?_h‘ﬁ gOl&F&iﬂﬁ_f%onlr i hﬁ@mmeaéw 1 blogd sapiss kg gp dayy @through 7
by rea@Ghglplasias W@ dal@ih %id%@%@gﬁttﬁ%f%{?@?g agétglfeﬁc:% E%é%?mg a

_may represent clinically rel nce
Monitgpgprieay 00Meydeitlel massispéctiooretat Adisotpeovslenthe basis for the

coleu FOIFLARER B AR onBiGF REPE fordteafie skt chperemlopi c

pattern determ nati on: neasurenentsfor the

d€helestervd tind bhalfc deid @e@udified Blonsté6!, safple3tort U Pfhrough 7,
the bjle acid pool size, Cholic acid was isolated from

ap .
and chalig agidoes RSB BKenTrgudayg 4 theugle . dhssconelagules are further
[ [ n
poce B84 @l oy 199 UL OEL 8, M TP G
calculhtied b déscabedlaliceref wringa hiakeichlnefeyalca @alu ier tehisblittd. OPheGhiaximum
.cholj.c aci s,t.hen_cal cul at ed based on the anmpunt of
possiti RECwaonieuliid FPET o6 Basy YAkt brie BB T bloadyasing

historical data on the relationship between deuterated water and cholesterol synthesis.

The fraction of urinary cholic acid, stool cholic acid, or stool cholesterol that is
derived from de novo synthesized hepatic cholesterol was calculated by division of the
observed M; MPE for each molecule of interest by the maximum possible M; MPE

calculated from the blood deuterium value.
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cal cul ated as using equations known in the art, in
particul ar, those found in Measurenent of paraneters

wotoshol48E aci d kinetics in plasma using a nm cPOBFUS10086/017167
stabl e isotope dilution technique: application to
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ubj ect receivi ng | abel ed water show that the two are
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in FIGRRERRT Tk HEkARb e BB E ARl R T Ao ol Bfive from

RCT Insubjean] and/sl Vootbileraeiisdiefive frof REMSn ahkjedt ed Thesedifforences
chol est er.ol synt hesis in the_rats so studied (FI G

may reprpsentglipiplly felevapditipreneasin BCT: gpd gy I%at%gpék &t
st PR Gl By HARS A SR BBt oA

pl asma chol est erol and conbi ni ng that neasurenent with
t Hevrdmiacontertal iskeuie pattarn @’éteazttﬁ&aﬁbstiee@draymb‘se@t dreol

deter;%éqﬁﬁﬁ;? g,{'}g?egcgci%googg%gf% éﬁf},@nd g%%; agid p SOt opes are

sitostanol was adm nistered 3 tines dally and its

r HoUE byidiwhsS§ddatbd &afthe bl0s8eembRs e d0HAE tHelten day study
absol ute fecal neutral and bile acid excretion rate

periodsChefiqasichyas then siifiechandanabized bREK(MS apdthe MPEHMW M, ion
was dfe%'rmﬁl%a,gﬁir?ggmstﬁﬁ&ﬁ dﬁ{agg § paéeg}l?%ﬂl@t Tﬂ%dﬂﬁ%n of cholic acid was
I N vidua

nteri ndi varila ween su
then o&thﬂddtécbbmhdl yn ﬂleb;nﬁnms oﬂ\d:Hoﬂlc lacid a(dﬁﬂﬁhsﬁfga’dd | Thedild abidgivol size was
6“ / dl) las hol est er ol cen rations are
calcuifd s UFPE SRS LPO YT (8 Pife oGl Rormiasi fimidegsiirement of
pamt%\ét@r@ oy QHY)HZ'%wf kzﬂ%c%%ﬁ%%z@ aﬁzﬂ:r ('gslcgﬁ st isoR ? Jiggﬁon
hi ghest are seen Wt he subject with h

feCh”féDE @pﬁz@a@m @dmdgntanm#kumém Hu&xbm @tratbdt off ILllpwqummeh volume
4, 2(5(2\1 s into neutral sterols and bile acids

ed effectively in humans. Furthernore

there IS an i ndi cation that plasma HDL | evels
Use of urinary sterols as a proxy for bile sterols.

The isotopic content or isotopic pattern of bile acids from urine and metabolites of
cholesterol derived from the action of intestinal microbes on bile cholesterol from urine were
measured. In this case, the isotopic content or isotopic pattern of bile cholesterol and bile
acids can be determined from a urine sample. The details of this technique are described,
supra, in section II-C. 2H isotopic content or isotopic pattern measurements of stool and
urinary coprostanol in a subject receiving labeled water show that the two are in equilibrium.

The isotopic content or isotopic pattern of urinary coprostanol was measured in order to
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may relate to the RCT flux parameter, particularly the

gl obal RCT flux paraneter.l claim 1. A nethod for
waledoenm4ss ng t he nol ecul ar flux rate of the hep&l/U82006/017167

excretory conponent of reverse chol esterol transport

L RTINS Fieyt e A -
de novgt@hgfégﬂe?ol 9§nﬂ1§s@st fﬂﬁh@é!tsi 36 dradied @dae ). est er 0| -rel ated

'ecule to the living systemat a Known or neasurabl e
rate b) obtaining a sanple fromsaid |living system
Exanpindt Mensamenioiglobabmpisiesebk GRapaiames dniBewdpi cal | y
Iabeled chol esterol nol ecules, bile acids or excreted
[
%}% %erréghg gfr”] tﬂ Inro%ﬂ %)%tgn%d ol I{}_gﬁn‘?ﬁfnec’g ?g}f%l%sf é&?ﬁﬁ dgrtﬂr? Ra of
plasma thlléendsr@l mtrl ! Iioiﬁ[‘dmlng (Itjhat ﬁ&?m&memiahﬂe}ha fmli:tld)thzé ke):xcre’uon of
isotopically |a G ester ecul es ile acids
admingstergd Eh‘é?%oh@dgﬁ% edl ES‘P@PIG%%@“E% cal cul ating the
rate of incorporation or transfer of the isotopically
| abel ed chol esterol nolecule or isotopically |abeled
chol esterol -rel ated nol ecule into said chol estero
nol ecul es, bile acids or excreted neutral sterols to
dMethadsne the nol ecular flux rate of the hepatic or
excretory conponent of RCT in the living system 2.
T a 3 I,
e e e
adminii@eé Bninsaiddilg anrbitemcsvrﬁy it stobl ssarpdsarsedith detniisothe pbsplute

content. of | apel ed. neutral ste and .bi|l e acids are
focal SR AL A oo g “ep et knoNadR SIS A e
i sotope | abel of the isotopically Iabeled cholestero
mpleg@tyl € or isotopically |abeled cholesterol-rel ated
nolecule is 2H, 3H, 13C, 14C, or 180 5. The net hod of
claim1l wherein said I|V|n€dg systemis a human or
led

r Bdelhis shewn forseyan WbiECHTs ugtrmrtbe tergdpvidug) érpré%]mhty
betwe%ng n§eks rgdihltig?eﬁl}J §uB g s%{?ﬂrﬂ ﬁ)'\z\pg/k n?fﬂ?aﬂqﬁgg% rgg?r m&/dl plasma

Verious |V|ng S
HDL ehdledierdl édﬂééﬂtﬁi"tlohm@ﬂedd&m@eﬂﬁ AsuwestRCT halutoiralseaninsnbjects with

low FiPiiGeted Phan 4 R ROy BHOR 1 B OGP ey iingle subiec
mthlﬁgﬂe%tHﬁLd il B lip.ng system ii) determning the

otopic ont ent or rate of change in isot opl Cc content
of bile
This experiment illustrates that RCT fluxes into neutral sterols and bile acids can be

measured effectively in humans. Furthermore there is an indication that plasma HDL levels

may relate to the RCT flux parameter, particularly the global RCT flux parameter.
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acid in said living systemafter a period of tinme; and
iii) determning the anount of dilution of the isotope
wo awelied3di |l e acid to neasure the total anount POf/UBI00&017167
acids in said living system 8. The nethod of claim7,
m@g{gﬁn the | abel ed bile acids are chosen fromcholic
a |&, chenodeoxychol i ¢ acid, deoxycholic acid and
lithocholic acid. 9. The nmethod of claim8 wherein the
i $0t opa\ maifheld f@fdetdﬂﬁiﬂiﬁ@ﬂx&ph@i&d:dﬁm ﬂmﬁtegnft?é h]epaeic otlexcsetory
2H, 3H, 13C, 14C, or 180, 10. The nethod of ¢]aim
compoyeat f 1svarsecholesitraliranspork Q%@mn 3 living pystere, saif methg
2HA-cholic acid are adm nistered to said living
cmnpggg%én1 11. The nethod of claim 1 further including
measuring the contribution of de novo chol estero
synt hes) sdminiftetieg acisdwpicebyinabeksd wholestproh dmileviudt @risatgpically

abelef bR G Rle fpnafife St (e Seed ot PHEEYA SEimet e fte

| abel concentration; ii) obtaining a biological sanple

f rom sa) dbldinihp G Supleffomiaiddiving aistbns dipleth &@IRHNhSI€ Somprises
| abel ed bjile acid, excreted neutral sterol or bl ood
one olReredseiepiselly japelpd phelesiprohioleniles.dile dids o e¥rgist ngiral sterols

J .ate of change of said isotopic content or
ﬁom%gglkg{lg;gyg%ngai d | abel ed bile acid, excreted neutral
sterol or blood chol esterol; and iv) conparing the
i sot opick num@strEry isappicabhient; isotopi@patent, rateaf glange of &otbpic

i sotopi c. content. or. pattern of the bile. acids eutra
contenyy G 3 oPis ALl dheeisBpieIY leBeted EpISxeaRL B Rles ofitegtets or
excrefed @esttaRtolss@iPpPe- | abel ed chol esterol precursor to

determi ne the fraction of cholesterol, neutral sterol

or bile acids that are derived fromnewy synthesized

chol estdgreglcutagingihesgtecoftingorpQation erftanster i thedsqierieally labeled

I . . . . : .
choteGEH 53 YR 3ol Pl R S L 1A i chotesir
moleonds3| Bileadidori exoteadi rneatrhlystdralied detemhink dst raolebulpr Bourasosf the

i s deuterated water %{3 ‘Thg thod of claim1l wherein
hepaticig exehFarE companest 8o RCIg thaBVINgSEBont ent of neutr al

sterols and bile acids excreted by a subject per unit

thie | THIBASHEESE DY CORREIISQM $oh A0S DS INRineSSreISRT s%nple.

detected in the stool that was adm nistered orally to

the subject. 14. The method of claim13 wherein the )

i At er ndhegneihetboicrlaim 3 whersinasas] samde isp sieeliseepiesnd the isotopic

contelqtegfqgﬁgléyt X G IR a%ﬁc%lli]lgracifd% W Q%SSreaf the plasm

conponen r'everse ol'estero ransport (RCT) in a
living system said nethod conprising:
4. The method of claim 1, wherein the isotope label of the isotopically labeled

cholesterol molecule or isotopically labeled cholesterol-related molecule is 24, 3y, B¢, “c,

or 1%0.
5. The method of claim 1 wherein said living system is a human or a rodent.

6. The method of claim 1 wherein *C, labeled cholesterol in a lipid emulsion is

administered intravenously to said living system.

7. The method of claim 1 further including measuring the total amount of bile

acids in said living system by:
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a) admnistering a stable, isotopically |abeled
chol esterol nolecule or a stable isotopically | abel ed
WGebwbast4es ol -rel ated nol ecule to the |iving syRCEIS200§/017167
obtaining a sanple fromsaid |iving system wherein
said s es.an in Vi Vi rodu
said © OoRsErERTRE AR daicit S BREHE BB PLORHA sq e
hwngmygﬁﬁ@lcally | abel ed chol esterol -rel ated nol ecul e; c¢)
nmeasuring isotopic content, isotopic pattern, rate of
change of isotopic content, or isotopic pattern of the
in vi vl delsveingiedhe Sotamiceontehar Hie @ aﬂheageam ip@jopig gontent of bile
: [ jjcal l'y | abel ed
amdl%%%ﬁggﬁgggbgﬁ% 58 gﬁgfoﬁﬁﬁgngtoplcally | abel ed
chol esterol -rel ated nol ecule to determ ne the
mol eculiiax deftdromning the apfounh ef gilwmmef tunpetopniabeled bde ecid do
chal esterol tr ort in the living system 16.
meas G SRt BRoutt AP Arids i LR ERE B sl o 5. a
stool, urine or blood sanple. 17. The nmethod of claim

15, whameinthdieof HAEON SvHeddIf kheOhbdlEEbil S4Vi@r6 8hdsén from cholic
| abel ed chol esterol nol ecule or i sotopically | abel ed

acid, eheapdeppaelnlicrasida deexyebolicanidandslitheehobipacidaC,  14C or
180 18. The nethod of claim 15 wherein said |living

ten1 . [
e e
bﬂeaﬁ@hsﬁi # MG, er&@.to said living system 20. The
nmet hod of cla|n119 wherein said sanple is a bl ood

o ol en T Rathd BERTIESS e PRy 1abrge 2Ben o Sy it <pypsion
and “1¥}-BholiehRl st Qi Rinifska ko sdig lidRiaysbmed by GCC-IRMS. 2 1.

A nmethod for determning the rate of appearance of
chol esterol in blood, or cholesterol tissue efflux

rdfle, itheansthed ploelaipnst Exthes Hichding mersusBgaie contigputign of de novo
' Ly | abel ed chol estero
Chom%b ec]ﬁgg%#Q?%%?%M§Q%ﬂﬁhﬁagbeled chol esterol -rel at ed
nmol ecul e |ntravenously to the living systemat a known
or rreas'hachinilnisteringean issopicatintabéled clatléstarol preirbmitogaid living

icient to res urmul ation of detectable
systefp gifieran SR i 08 1 STiRg 18T BPSPHRBar 0 1 vi ng
system b) obtaining sanples fromsaid living system

wher ei ril)S)@t&ﬁ’mﬁ? Hlbi(ﬁ(Sgl@él@Blhbﬁ:fﬁ(ﬁﬁ sald e Setend WEB&ein said sample
chol est er ol ecul measurin |sotop|c content,

compyisestlapaled bidg acid, rﬁxcnemdéle@ﬂalmﬁlg@ od dhelaspsrel;

iii) measuring the isotopic content or pattern or rate of change of said isotopic

content or pattern of said labeled bile acid, excreted neutral sterol or blood cholesterol; and

iv) comparing the isotopic content or pattern or rate of change of said isotopic
content or pattern of the bile acids, neutral sterols or cholesterol to the label concentration of
the stable isotope-labeled cholesterol precursor to determine the fraction of cholesterol,
neutral sterol or bile acids that are derived from newly synthesized cholesterol to measure the

contribution by de novo cholesterol synthesis to said bile acid, neutral sterol or cholesterol.

12.  The method of claim 11 wherein the isotopically labeled cholesterol precursor

is deuterated water.
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content, or isotopic pattern of the | abeled, free

chol esterol nolecule; and d) cal culating the rate of
wappearsasse of cholesterol in blood in the |ivPeyUS2006/017167

system by conparing the isotopic content, isotopic

23510 e ol SIATESH L AN M el comcnt o

neutrdIBleesibhed bide 4dids dx@tetedby A6UH] et pf @tit e &f med@red by comparison to
i sotopically | abel ed chol esterol nolecule or

an intega} $andasd fdsfeqterhin) thesteplihatsyes asdmipisteredeeralhp fasthg sebjedtn

The nmethod of claim?21, wherein said living systemis

a 1QUITB AR S PO im BBwhdiBf s .

wherein tﬁ% %%Ie élnﬁppeaggﬁkgggﬁggﬁgﬁgg%gigkﬁéﬁw%¥ood

in the living systemis cal cul ated by isotope

dilbut i dnmethod domdategymtining i pblrtedauflyr iatcofthe plasya component of

establ i shing the i\stence of jsotapic plateau,.b
reveriE (PR RS ETR] T B it S ecatei POl o oRbtsini!

extrapol ating the isotopic plateau value. 24. A nethod

for calayuldatiniBgribe stablegisblopically 14HeRMdeBbRERo] IMbléeule or a stable
. [ivi ng{lT system sald nmethod conpri sing, az nmeasuri ng
isotopieadlyrlaededygholgstraelrglated meleels e thediving systeptood by: i)

adm nistering 13C-, 2H or 180 | abel ed cholesterol in a

lipid i [ . VA .

ad ni oo, L ERPHEaKd Apd ystéth Nherolf LERNhpl@Comrises
an in give gouNeagipmprodfiictadisaidtisdidmicdlvlebaedhdledabladpletule or said

. ch terpol. in said livin stem i) obtaining
ISOtogﬁaﬁiﬁfﬁél%&?Cf@’r‘?#?ﬁ@*ﬂ@ﬁ%°@ﬁ@¥em wherei n said sanpl es
conprise a |l abeled, free cholesterol nolecule;iii)
measur ich gnéa8 @R Pisctoptotttnt, i$036i6 Phtéerh dhie®IfRhadpdtf ivkopic
change of isotopic content, or isotopic pattern of the
contepty geisai@pic paiiermcgfdhe Er vy eonysisianpredudin QnCF V)
calculating the rate of appearance of cholesterol in

bl ood i Jaib%ldt%g MY S AIREBY o?m%th@gaglé}ﬁ%?élé@{:m ps‘fegol

[
1
content, 1sotopPc pattern, rate of c I sot opl
moleabnorethe jsotrpicatlgtldpicl ¢hatdsterei-refatddnaolealietedkterhtinethe molecular

chol.esterol nolecule to the rate of admi ni tion, of
flux i Tt FgRPonges larisn chfleresl BRoPorRCI I BriRte
systehhe percentage recovery of the hepatic or excretory
arm of reverse chol esterol transport (RCT) by: i)
adni ni stering an isotopically |abeled cholesterol
mdPec ulTdesrethedbelopiionl 1, yhezdie baid sepleas a stoel, uriat ar blgod sample.
nol ecule to the living system ii) obtaining a sanple

o2 or SO GHEL P MHEND 30 RRIRY RIS et
cholestemil etodetutecattisabpisilbrlabaled clwiestdrel-related molecule is *H, *H, C, 1*C or

180y,
18.  The method of claim 15 wherein said living system is a human or a rodent.

19, The method of claim 15 wherein C, labeled cholesterol in complex with

HDL is administered to said living system.

20.  The method of claim 19 wherein said sample is a blood sample comprising
HDL, VLDL and LDL and the isotopic content of HDL-cholesterol, LDL-cholesterol ester,
and VLDL cholesterol ester are determined by GCC-IRMS.
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living system iii) measuring isotopic content,

i sotopic pattern, rate of change of isotopic content,
wWorocAoePpi ¢ pattern of the isotopically | abel rdI/bB1086/017167

acids or excreted neutral sterols; and iv) cal cul ati ng

t rate or at.i or. . tr

oL RO 00 O ABRLEI o s roL i oo o
cholestadolltifkiuk @ffAed e, BT a B¥i6s 6t N1l mhathod temptising 0

determ ne the percentage recovery of the hepatic or

excretory. conponent of living system and
c) cal @M@mmr@errlrgeanrlaqt@plsrﬂsf hab%eiﬁh@ﬁ%rrekm@}e@rﬂerqr igofppically

labeléd' bfégteﬁ}l% lﬁ{é‘d*?%?lg&oﬂéé %rraﬁsrphs tﬁearmnggeysper cenlt@[g)é@l &

estero roma) rilr) byt
measureble\raire,ysauf adIﬂIlalstre@m fate ingesudfieienirty resubh infn RESunfulation of

b). iv 25.. The method of .clai.m 24 wherein said |iving
deteo@le 1y G TabAHARE BRSO RIG Gt HEEBEsi gt he
effect of a candidate agent and/or dietary

nmodi fi GRbbRmiMsdnfiRed fréd shidliviiEsysRhPwhRbreHEMed @ﬁgﬂ&tcomprise
0

of atherosclerosis in a living system the neth
said lehetgsh frop alplegterebmeleculel ng the rate of flux of

cholesterol in the living systemby the nethod of

clai m 24 Dy 'Técﬁbp% ﬁt@l& ﬁg‘l glccﬁa@tg% i€ 0?9%%%6 [S)gils%topic

said |i 3| ng sygt em an dire
contehti, or 13gtopicsiattnin cn:t)th«:hrbelaﬂ,al’téer@otels&rcﬂa:hrﬂecnﬂe,falndx of
chol esterol in the Iiving system by the nethod of

oo RS R o
systelhrb@ Rhipaghe &e itdi6 Itn@ @Bﬁbﬂaisﬁto%gﬁﬁﬁtteﬁf‘ e bf E §€I gfﬁfséfo)!nc content,
a

nmodi fi cati on on herosclerosis. 27. A ne

or isofppiepaiieniyof the labkledcfrem¢hadestaaplanalgede gg’émratg odl Administration of the
1sotopgéeﬁléﬂ5‘gelgg) a{oflefs?e?{)]hrg?lgg@ él? 1gscs) Ioi)fc’clé}%{r %bf:fr%@%ﬁél%ét)e%c?%%ateg ﬁréolecule.

nmet hod conprising: a) determ ning the nol ecular flux

r ake ofTheheethe@pad dlaino21, evereh sdiy liogpenentis afhuh@yer & @odent.
chol esterol transport (RCT) in a living systemby the

hod qf cl ai ) d st.eri ng sai d candi_ dat

IR ARG T AR I .
‘blood in the living system is calculated by isotope dilution, according to the plateau principle,
by establishing the existence of isotopic plateau, by inferring the isotopic plateau value or by

extrapolating the isotopic plateau value.

24. A method for calculating the rate flux of cholesterol in a living system, said

method comprising,
a) measuring the rate of appearance of cholesterol in blood by:

i) administering *C-, 2H or '®0-labeled cholesterol in a lipid emulsion
intravenously to a living system at an administration rate sufficient to result in an

accumulation of detectable levels of labeled, free cholesterol in said living system,;

i1) obtaining samples from said living system wherein said samples

comprise a labeled, free cholesterol molecule;
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the diet of said living system c) determ ning the

nmol ecul ar flux rate of the hepatic or excretory
waeoerspomass of reverse chol esterol transport (RETI/UB006/017167

the living system by the nmethod of claim1; and d)

conparing th ' r af.e

fluxes of s?l ?pgl e%lﬁ%%go??ﬁ?%g@g@é%gﬁp @aﬁt&#{ég e 8?&faﬁl§e of
isotopi@citelaf & iagepit paieth of thelebalédk fiae yhotesterdol aldcale; and

at herosclerosis. 28. A nethod of assessing the effect
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t
conprising:” a) determning the ux rate o
contenther isbtapivepatiompdienlabeled, feeshslkestetd ned¢@ioto the sais pbr t

saminfilion S o v " XEREPABORTERE (0 said 1 iving

system and/or nodi fying the diet of said |iving

syst emb) ejeasieingrihé pérogntideaefileBE tBE hépat or @k&reRly hi@of
e

pl asma conponent of reverse chol esterol transport

reversepbdestierpl Frapspart{ &GP dyem by the met hod of cl ai m 12;
and d) conparing the difference between the nol ecul ar
rate fluxes; : : ; 0
{he. cand: dats Sarrei R yERtlopLa B ol Rty

isotopa¢ahlyrl dzdddechodisterolaglatel metetidel tothe diveessystem; t he ef f ect
of a candi date agent and/or dietary nodification on

the risk for.,and .rate of deyel opoent. of .

at her oscl er 82 %q?lﬂmg qf,a‘p?;ﬂeg Q%ﬁécﬁﬁv?ﬁéyﬁ%‘{lmmm said sample
compfiSy¥[Unk Bt Bdre BbtoPRaly MbRied bilk AGidE 8t ExRéte@ RG] 3266s Bbm the
.. cholesterol in aliving systemby the method of claim
11V1ng§Y§t,emb) admi ni stering said candi date agent to said

living system and/ or nodifying the diet of said |iving

system c 1.1 0 f
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iv) calculating the rate of incorporation or transfer of the isotopically

labeled cholesterol-related molecule into said bile acids or excreted neutral sterols to
determine the percentage recovery of the hepatic or excretory component of RCT in the

living system; and

c) calculating the rate of flux of cholesterol in the living system by multiplying
the rate of appearance of cholesterol in blood from a) iii) by the percentage recovery of the

hepatic or excretory arm of RCT from b) iv).
25.  The method of claim 24 wherein said living system is a human.

26. A method of assessing the effect of a candidate agent and/or dietary
modification on the risk for and rate of development of atherosclerosis in a living system, the

method comprising:
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30. A nethod for correcting the recovery of I abel ed
cholesterol in fecal sterols for the efflux/infl ux
wo ad06/10f438 hol est erol across tissues, said net hpdr/us2006/017167

conprising: a) measuring the percentage recovery of
the hepatjc

Qr excretaqry ar f . i) .
i i celeniagh fereded b HE FholFupel indhe fbingsvatpmyby the method
of claifi@4ecul e or isotopically |abeled cholesterol-related
nol ecule to the living systemat a known or neasurable
rate;ii) obtaining a sanple fromsaid |living system |
wher eily aduigistering seidcsngidpisagerinie s8id lining sysiese apd/ermpdifying
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i sotopi c content, isotopic pattern, rate of change of
i sot opd)@aleahitiag the rate dfshixaficholpstetobimtheflividgesystem by the method
.isotopically | abel ed chol esterol nolecules, bile acids
of claigy243 %84 et ed neutral sterols; and iv) cal cul ating the
rate of incorporation or transfer of the isotopically
| abel eg) &HﬂJaﬁﬁ% i fERhECH R th SREIBREGREILY rdtedhed sehs a) and
chol est’erol’-refated nolecule into said cholestero
¢) to assdsethel effect of the carslidite agentanst enthel digtany madifsqalippos t o
th q§tennine the nol ecular flux rate of the hepatic or
AneIogG TP ory conponent of RCT in the living system b)
nmeasuri ng the rate of appearance of cholesterol in
b%’ch)d A)tnét?locadil’ﬁsﬁéslsmgﬁhmgf@ﬂ of §od1xdpi| I' ar,eladigbeyl;c hmizimid dietary
. cholesterol nolecule agr, i sotopically el e ..
modifiepiagrean e sisk fen apddateid |dé%fiﬁ>rén HO a%%aéwl% afliyipg system, the
Indhohg¥&ﬁﬂﬁﬁ stem at a known or neasurable rate, said
adm nistration rate being sufficient to result in an
accunul ati on of detectable |evels of |abeled free
chol est)etetdrmimng giedndlievilaflwsyrateesfi the hgpasisoaexgreigry component
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measuring isotopic content, isotopic pattern, rate of
changepphdingiitephCshddditate fent 3Ot livingalstemrandfor nteifying
|l abel ed, free cholesterol nolecule; and iv)

the digt 9if sail 3V ingFyst§B: r at e of appearance of chol esterol in

blood in the living system by conparing the isotopic

cont eng, dé'térﬁﬁ&iﬂg ShPRbleBlr fifetfe 91{%8 lhg;ggrl% 2 fexére@tPBoifiponent

content’, or 1sotopic pattern of t , free
of revetse tlasieserol tramspect (RET) m thh dvinetsystem byt miethadaafi cbmimolf; and
the isotopically |abeled cholesterol nolecule or
! sot ODIdS: cao|n|1 ar{nagbtﬁela glq“ference between the molecular rate fluxes of steps a) and
¢) to assess the effect of the candidate agent and/or the dietary modification on

atherosclerosis.

28. A method of assessing the effect of a candidate agent and/or dietary
modification on the risk for and rate of development of atherosclerosis in a living system, the

method comprising:

a) determining the molecular flux rate of the plasma component of reverse

cholesterol transport (RCT) in a living system by the method of claim 12;
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29. A method of assessing the effect of a candidate agent and/or dietary
modification on the risk for and rate of development of atherosclerosis in a living system, the

method comprising:

a) determining the rate of appearance of cholesterol in a living system by the

method of claim 21;

b) administering said candidate agent to said living system and/or modifying

the diet of said living system;

c) determining the rate of appearance of cholesterol in a living system by the

method of claim 21; and

d) comparing the difference between the molecular rate fluxes of steps a) and
c) to assess the effect of the candidate agent and/or the dietary modification on

atherosclerosis.

30. A method for correcting the recovery of labeled cholesterol in fecal sterols for

the efflux/influx rate of cholesterol across tissues, said method comprising:

a) measuring the percentage recovery of the hepatic or excretory arm of RCT
by

i) administering an isotopically labeled cholesterol molecule or
isotopically labeled cholesterol-related molecule to the living system at a known or

measurable rate;
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ii) obtaining a sample from said living system wherein said sample
comprises one or more isotopically labeled cholesterol molecules, bile acids or excreted

neutral sterols from the living system;

iil) measuring isotopic content, isotopic pattern, rate of change of
isotopic content, or isotopic pattern of the isotopically labeled cholesterol molecules, bile

acids or excreted neutral sterols; and

iv) calculating the rate of incorporation or transfer of the isotopically
labeled cholesterol molecule or isotopically labeled cholesterol-related molecule into said
cholesterol molecules, bile acids or excreted neutral sterols to determine the molecular flux

rate of the hepatic or excretory component of RCT in the living system
b) measuring the rate of appearance of cholesterol in blood by

1) administering an isotopically labeled cholesterol molecule or
isotopically labeled cholesterol-related molecule intravenously to the living system at a
known or measurable rate, said administration rate being sufficient to result in an

accumulation of detectable levels of labeled free cholesterol in said living system;

ii) obtaining samples from said living system wherein said samples

comprise said labeled, free cholesterol molecule;

iii) measuring isotopic content, isotopic pattern, rate of change of

isotopic content, or isotopic pattern of the labeled, free cholesterol molecule; and

1v) calculating the rate of appearance of cholesterol in blood in the
living system by comparing the isotopic content, isotopic pattern, rate of change of isotopic
content, or isotopic pattern of the labeled, free cholesterol molecule to the rate of
administration of the isotopically labeled cholesterol molecule or isotopically labeled

cholesterol-related molecule.

c) correcting the recovery of labeled cholesterol in fecal sterols for the
efflux/influx rate of cholesterol across tissues by multiplying the rate of appearance of

cholesterol of step b) by the percentage recovery of step a).

31.  Akit for calculating the rate of RCT flux in a living system, comprising:

83



WO 2006/119438 PCT/US2006/017167

a) one or more isotopically labeled HDL particles, isotopically labeled
cholesterol molecules, isotopically labeled cholesterol precursors, or isotopically labeled bile

acids; and
b) instructions for use of the kit;

wherein the kit is used to calculate the rate of flux of cholesterol in the living

system.

32.  The kit of claim 31, further comprising a tool for administering the

isotopically labeled HDL particles or labeled bile acids.

33.  Thekit of claim 31, further comprising an instrument for collecting a

biological sample from the living system.

84



