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bi omarkers in the sanple to obesity-positive and/or
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| ean-negative reference levels of the one or nore

bi omarkers in order to determ ne whether the subject

is susceptible to gaining weight. [00251 The present
dlsclosure al so provides a nethod for predicting a
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response to a course of treatnment for pre-di abetes or

di abetes, the nethod conprising: analyzing a
whe@bogicdnl sanple from a subject to detern nePCTES2008/008756

| evel (s) of one or nore biomarkers for pre-diabetes,

where the one or nore biomarkers are selected from one

or nore biomarkers listed in Table 27; conparing the

| evel (s) of one or nore biomarkers in the sanple to

treatnment-positive and/or treatnent-negative reference

";eg%ls of the one or nore biomarkers to predict
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cg)ﬂ:Y*nEng thd 190di(s§ &F tf]@(‘;rfe)or nlofSBioRakes if @6 sdReh1ER tﬁ@}eé‘ﬁe'c%
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dispedgopositivsand/at dispgdarthagativaraferpice laslsoé thesre P%mﬂrﬁrb@n@rkers

ih &3Sy 8 td?a@\(%e fREthbNge ﬁf?)férc%s ARt b olit sildronkQ vari abl es.
gure 3 provides a graph shomnéa t he nean
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Fi'gure 4 provides a grap oW n he nean test error
biodoairad sampleficprg p semeqiz@p d%mrt@mm lpbqﬂ(sh@f e ppete; bigmagkers for
atcgl%l(ﬂlggmﬁF dlgéasyﬁttﬁpﬁmpiee %hér%(ﬂ@gné br mﬁ)gq;fédlar’(:érg%gel@cted

provides a schematic exanp a report descri bing
fromopieer more kigmarkers ligied alnTaéleg é‘i‘ i 1t5hhé dg,u Hg23.38445% and
biiBin nﬁtﬁo%%%réak QBESfbaSink eqsteﬁg)mf% &e%mbﬁe%ﬁark&y f the
I'nsul' i n resistance”t I's reported as an
s@ople &' disgask- mntvanam/wgi@d@rrteg@iwalre etengs leels of |tlr¢f<me IPRmosN
(e.g. BM, denographic information). [0032] Figure 6
provi des a schematic illustration conparing the use of
bi omarkers for patient stratification according to
the level of insulin resistance and the use of
bi omarkers for patient risk stratification for the
progression of insulin resistance. [0033] Figure 7
provi des a Random Forest Anal ysis |Inportance plot of
one



enbodi nent of netabolites that are useful biomarkers
for predicting glucose disposal. 8 WO 2009/014639
wWEANLNBBED8/ 008756 [0034] Figure 8 provides aPECEESING/008756
Forest Analysis Inportance Plot of one enbodi ment of
serum netabolites that are useful biomarkers for
predicting nmetabolic syndrone. [0035] Figure 9

provi des a Random Forest Anal ysis | nportance Pl ot of
one enbodi ment of plasma netabolites that are usef ul

rk I or L 0036
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di sease. @%003%% F%gure 13 rOV|d s an exang
CRMBLTIRE: pRAlAINE gfio 'Gf‘lég‘f‘BlF Jom FSUPKEHETHE V‘SE?P%““C agent to
dstenhia€the |8BIs)OP Bhd 6H mstiBjoaatk&rsabr dbekifyein @ittsam@RSwhere the one

[ 0040]. Figure 14 i des an exanpl e of . pl.as I m
oMo iR A6l e S P oo et BoHagesy listaddn ﬁmlﬂf Jcead
camsmﬁ@nmen@tel@y@ tRE6%e Ainodd bibEREG irR@e Saml O obksifyl@ditive

provi des an exanpl e of plasm | evels of

aN/a?raq?awryrf&g?ts\@smﬁ/ﬁr eai- H%ﬁ*tb@ér‘ Polsansnegapyedeteeenggigvels of the
0ROBIL Hh&k bRARKESd 16 oder @ detcPmpRtwhRGESthe E&?A?.is sirdceptibge th6
provi des an exanple of plasma |levels o
gBingpsight-e- X8403 in  atheroscl erosi s subjects and
[6028] I OlThE Bmsmaﬁclaguramé ?Bﬂﬂés aafgaﬁod foP &Lu@b sibRecity
as

provi des an exanp | evels o olite-X
rqssgwe fhe cofOf H%‘E‘I“é‘?tcfgﬁ pge -di3bstevardiakpigs: dhsrfpgthed OnpyisRg's

aﬁilyﬁlh% | @iB%Efcalasgﬁﬁ}e P4 dibjct @WeRrmliBe e WM R D 8Re or more
exanpl e | asma | evel s of p-cresol-sulfate in

bigRReEs el @rrecs%ab§te§md]eé€ctb%0r§rfa neQshbipBprketsyesstested from one or
e biShemktrs39€E in TARADE, c5ihtdng tﬂeaem(e)vcsf%%o.ano@bmr@rs in

of plasma |evels of Metabolite-4887 in
tEeUp 12 ESIMEEPREISYO UB/ U iBAEEnt- %deféweé?edgwés of the one or

nﬂ@bn@&%&eé@p&@m WRdthes i G 6jk& .@ﬁke@y fofr&HeRt toadB8rse of
[0 Figure 20 provides an exanple of recursive

t%ﬁﬁﬁﬂ%lonlng of DCM bi omar ker netabolites. [0047]

[6023}” e il dREBMIESSo &%vi@&aémﬂlstﬁo@for %qgé)rm\é%l s'ug_@@t’sorgsponse toa
using plasma from netabolic gxn rone and [th
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ssm@@h x,lad %1 y@&'teaetu,%a iRGthe VD) BF Q1P or TR 2P 8hh ke R XY Qe

diabetes, the first sample obtained from the subject at a first time point where the one or



[0049] Figure 23 provides an exanple of a regression
anal ysis show ng the predictive power of the ten
woremehsiedonbi ned on the gl ucose di sposal rate PEXS2008/008756

[ 0050] Figure 24 provides and illustration of the
inter-relationships of the various risk factors for

nmet abol i ¢ syndrone. Detail ed Description of the

I nvention [0051] The present invention relates to
bionarkers of pre- diabetes (e g. inmpaired glucose

r an AT l.era bnsulin
eréeS gls Paﬁ(%’es)are;gr%% t{eg ?romg) g t Sn?arﬁer% ﬁsg%é m?I%EI’e 2'8,
adimmgstmmgshecn‘onmosum @kt wbjeemahaﬂ»ng a%edindkbeﬂm’qal smtﬁlmﬁim

det er

tl%eyngpeg Q) dép%mlrpegthg [evg%si gp t‘?ll ]tg)n% ﬁrtl%or% {o%é]r ers seconcli‘| sample
obfamgd €88 tbens!ubggtraessemnd Oine poiat diica bahi@strativeh dfylpecothposition;

di abet e eSSI efficac f
cBRESEd STRLS] Sy PERP R B R b BCAma o isdesI(o of the
oflé &bﬂ&r@%uonﬁﬂtehﬂd $heQdec@d rs@@pik MasseO the @$fidat yosrahd @mposition
factl\utqvj_ nndukﬁ%%ng bi omarkers of pre-di abetes and
yHFatne FQBEWQE“ thods of treating pre-diabetes and
type 2 diabetes; as well as other nethods based on

bi omar kers of Brief D'esbetpﬂaomuf thepbrawihgbet es. [ 0052]
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poo in resistance or
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op@siilsmmbcre(naﬂ))meéusmmdhdyyamaﬂvéz Sé@dilmh is tnarmtarl@S stalle for the

' | ycemc clanps in at |east two
aF%'e end’}J tcoao' ggof subj ects were discovered.
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rrghtan gﬁe tesm etrorsfut Ra corr@ailos tCendeereiases anslubl]eeahtan ophmal number
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3D ewrédblesf |nsuI|n resi stance ("I R Score" ) of t he
[(?(ﬁg ??f rase %gra@? 2‘?’8’?"& ré‘lle'/I enlofg fs%uare vabues {Ta-)éiéls}of Rd
cauelAtiuin asalﬁhcnat ofahe mfmbeb bbHinenbcdites (XTdxes).r ef er ence | evel

(iR oo s ¥ PiaLith Bl bR BB LY or o

cpir el stémtae d ﬂnmna‘n dsfeb@mtml&m&hemhmliters (XI—@U;DG 5. The IR

A t
ST <. BT pisHitro Tarmiies b of B8 dereliP B plsBugtig s
o0iin Algorithiaiuding (hadlidre sismive thivnetlkdbytofdetetridle @ subject’s level of
.de t d itori f the IR S . ..
LD SR PRIEaT &0 (R BPTeAr SiRE B8 Gepslnicpld
ikfyroiEdioh {eOd. iBM, ﬂdwoglrﬁhﬁd@foenat'ﬁhye IR Score can al so be

REE e Faghras B Her Likemans BRHimaonpante hE bR Erkers for

patydnel steaEcaidl accoadifh P\RsSIeld] af indilhaas@snce anCihe @S of biomarkers
atherosclero§|s and cardi o p?thﬁ; nmet hods for
‘HuPéEjﬂBgr‘"%St@f' eqioR fof; tReReRrEssign Pt 4R REER et hods of
[GUBBET MFIduRg7 %eﬂbﬁzpﬂ&dbhmbréstmﬁzuy«shs IntPos@Re §fot dNehe

S rones; nethods of non gori i :
ew%stgwegtsqfama.b%'g% a5 OB sdRBRIEYcting glucose disposal
syndrones; nethods of assessing efficacy of
conpositions for treating sgch di seases and
syndrones; methods of screening conpositions for
activity in nodul ating bi omarkers of such di seases
and syndrones; nethods of treating such di seases and
syndrones; as well as other nethods based on

bi omarkers of such di seases and syndrones. [0056]
Prior to describing this invention in further detail,
however, the following ternms will first be defined.



Definitions: [0057] "Biomarker" neans a conpound,

preferably a netabolite, that is differentially
w@e@eene3{i . e., increased or decreased) in a bPCI/U§1008008756

sanple froma subject or a group of subjects having a

first phenotype (e.g., having a di sease) as conpared

to a biological sanple froma subject or group of

subj ects having a second phenotype (e.g., not having

the di sease). A biomarker may be differentially

en n eve .al | n
(RSP ridlle § 0% g8y Ehandin oSy ARDGEPmplna B P10 o °
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all@agtrewt%st@ésatthleeasdse%% by at |east 50% by at
| east 55% at. l east 60% by at | east 650
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100% ( marker. is prefe

att’rmrors%l?reﬁi étgﬁtlwbtléz;%ﬁﬁ'&weélt\bm’ Cigihe 115, fter frigure 110, or

aﬂtaagthrstlmpétt.géssm@ufséaeant (e.g., a p val ue less than
/ or g-val ue of |ess than 10 as deterntned

[fSBhg &igurrel? RABY ISP %RdeestreétA"wsrsdaweﬁa@e Floefsum

em88dihentfbf BEMBYIHAEG ¥n 1i¥dD Bisdak @TXBArK Q8ePul BRITINGE{ R Bredicting
correlation wth pre-diabetes, or particular |evels

aheropleroys %ttfét%@mtlw) (Eiaye 130, pid diigire | ¢y later Grigyad 2@ or
ah@fg@@mmﬁg@gewﬁhédbsedseand positive (+) 1. Aresult of
gatlve -? neans a perfect negati ve correl ation
URAl a pigre |Jmroyidss ap expaple obplpwn levels ¢fsholesteral in
a&@!o%&ér@&é%ecé%d ContfFB&bTecRQt @n%{eﬁt Atdon at all. A
substantlaf positive correlation" refers to a
[¥048har Kigure HarrpYidessancsrple af plasina levsig ofglogasalieyaeppicareid in

aWextoE‘clé}ogs %j‘quran@ Eortdol Subfclat MikERht dge@surement  (e.g.,
'substantial negative correlation" refers

[Q‘th cclj"rguet bﬁtwr@wdtwrﬁxamplzef Plasma lgveds ofiMigfabglifgr {ASH in
afhedS1E6is QibjdelsiaRil Qﬁttrom%éfsedﬁ@i%renﬁge@ gni fi cant
@HS|t|ve correlation" refers to a biomarker having a
[QU4R} el Ziguom! Gatrovidesranegarmsple of plasnm lpyelsofMesabpdite-Y84Brider
aﬁ’t@roscﬁé P{ié %&ecg%ﬁé HERITRAbjee R agdnffeBF\’Qageé’m' le a

I cant negative colrelation refers to a
. [Qflf!ﬁ} eI &iguon! T rrowded ansraeple of plpsngmievels & NesabolitegX {34 a
[ 0058] The
a9%§€2?9t§$&g§§ag§cﬁ%$gh@§%ﬁ§r gggﬁﬁggns t he absol ute
[d4} el iguue! Sprovides ansrampln oEptasmeg levsls offp-aresel-piltrank er
| ogi cal sanpl e"
ath@ro%ﬁ&gii?ne#]q%ts a[‘tQ Qg}% ) SLE@EQ‘B a? lffgtrent Jlﬂep gl col at egp from
[@048Libj degure Tlﬂwotxdcﬁl angaxamble Qfanlpir@ lmscys afdvietatiohiteadBB7 in
bi ol ogi cal material suitable for detecting the
desi red bi omarkers, and may conprise cellular and/or
non- cel |l ul ar naterlal fronbthe subj ect. The sanpl e
can be isolated fromany suitable biological tissue
or fluid such as, for exanple, adipose tissue, aortic
tissue, liver tissue, bl ood, bl ood plasma, serum or
urine. [0060] "Subject" nmeans any aninmal, but is
preferably a mammal , such as, for exanple, a human
nonkey, non-human primte, rat, nouse, cow, dog, cat,
pig, horse, or rabbit.



[0061] A "reference |evel" of a biomarker neans a

| evel of the biomarker that is indicative of a
weaowocwBar di sease state, phenotype, or |ack PEEUSNE008756
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conbi nati ons of di sease states, phenotypes, or |ack

thereof. A "positive" reference | evel of a biomarker

neans a level that is indicative of a particular

di sease state or phenotype. A "negative" reference

evel, of. a ,.bi omarker ns. a.l | hat is indicative
olrroSbipRlis SRR Kol S iR AR 10 1T 08 e

[60a6] ex dHigplre20 proVideeandixatnplees rqoosive ipurditioghgo&PCH biomarker
Ieﬁa\a{)ei." of a biomarker nmeans a | evel of a bionarker

MR i ndicative of a positive diagnosis of

(@045} di dhgtres] pravidesangxample ofindde validation using plasma from

"pre-.di ahet es-n ive.reference | evel" of a
tabolis F(yé‘?roﬁlgé‘ﬁgﬁgﬁﬁth@@‘gmecg? a bi omarker that is
[00u8] catRiptee of pravidegal dxu@piof g Adels/abidatioh @singlscabetrom i n
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i ndicative of progressiop of the. pre-diahetes in a
Pon ke e S ones SucisegiaBelah BESi ¢ ve
[0050FT EMFG&ure 2V plovided ard illidkraii@y dfeiie iINRARSatRndhePsRIf thefvadous risk

bi omarker that is indicative of regression of the pre-
fefitorp i anetabalio syafromence | evel " of a biomarker may be an

absolute or relative anbunt or concentration of the

bi omarker, a presence or absence of the biomarker, a

range of anDetdiled Deserptior oéthefinveativwmar ker, a

nmu : A Al 0 aon. of .t he

() R B TR RO S Bers PR i
ghicoseatokemnge, anhired fasangg décaa todermentinoitin casseoed) aed fyper2 of
the bioparker:.and. 10 addition, "reference |evels"
el RS RleBins Gra T Y ook ES oYL
datoemihug@r@lﬂsposéﬂimtb\pee_-a'abmnstasd ope 2clabeten medttodo oSmafitoting
RS B e s ot R EEC b B R R  reine srspes
o canpuskiensfok oratmg pardinistdsand dips @ dibetsy; atethods pheretiype,
e O S TN RS
ngithizjde of Seatiag preslicblates eddoty piZ diab@ese hswetbys diteer trathlody leded an

specific | atigns af ,.subjects (e.g., a reference
bicNAEKer Vrggggﬂ%s-aﬂgt%%gcp'%ggf’hat conpari sons may be
(03 bealureerbléndasas foe instlgviebistance psdonpl gorlly fareasy ditetivs of
.of .a ce{tai n.a g and.f,retfer nﬁe |l evel s for a

insubp ressiense Odi'%‘% Y& B IEN Mol PSs8™S or | ack t her eof
[0053% cavdigy mhetalgdomig atdly)s, poiethof hefabbkachal can 6t ssedrya

al so. be tailored to specific techniques that, ar se
SIS WBL 50 Pisd WSURPET st st FEnpie sy ook afndutifios
hiyperfhsulinefid\iaglyGEmib)antph tn Jt,leasf@ioendepbirichtevRdrs dbbubjects were
bi omarkers may di ffer based on the specific technique
disgayersds ysed. 100621 " Non- bi omarker conpound” neans a
[603apounAddpbiient studiddtwedkt Edreddesit todiéntify PEcd SLFIbmharRerd that when

bi ol ogi cal sanple.froma sybject or a.gro of . . .
Sy EE: St e oel g lE bt gh o Bagaeny isuli
rédistfikce i SRBRE) TAS iBRRPAVE—Ioh Proidet M 0ghj€t vith aRFIreinticating

a subject or group of subjects having a second :

phenotype (e.g., not having the first disease). Such

13 WO 2009/ 014639 PCT/ US20084 008756 non- bi onar ker

compounds may, however, be biomarkers in a biol ogica

sanple froma subject or a group of subjects having a

third phenotype (e.g., having a second di sease) as

conpared to the first phenotype (e.g., having the

first disease) or the second phenotype (e.g., not

having the first disease). [0063] "Metabolite", or

"smal | nol ecul ", neans organic and inorganic
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| arge proteins (e.g., proteins with nol ecul ar weights

over 2,000, 3,000, 4,000, 5,000, 6,000, 7,000, 8,000,
wW@®2@®0014689 10, 000), |arge nucleic acids (e.q.,PCIUE®0$008756

acids with nolecular weights of over 2,000, 3,000,

4, 000, 5,000, 6,000, 7,000, 8,000, 9,000, or 10,000),

or |l arge polysaccharides (e.g., polysaccharides wth a

nol ecul ar wei ghts of over 2,000, 3,000, 4,000, 5,000,

6, 000, 7,000, 8,000, 9,000, or 10, 000) The swal
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wRBab BihBahiREds baledloRBidHIrkEM o RANNS i8I fdbyrdf 8. Of
honeostasis due to an alteration in nmetabolism
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Dgfaifigns: an i nt er medi at e substance builds up to toxic
| evels, or froman inability to oduce (anaboli ze)
[W57k esBuomarker” meansngamaoynd, @eferah&ﬂ mefpbolitggwyis differentially
preli @itéo'lh&ezéé’mrc@%aseﬁﬁt] %rb%l(‘}g‘?cai ORGH Qtsulﬁgct%r a group of
clusterlng tabolic risk 2009/ 0
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devel o s and/or ca |ovascular di sease
thetddsense nA mweésmaafbe wefteanoplhcpresentit gmelevel chuy eﬁegenerally
pheSSH bi e (& laP Fs%k‘i@ased“?!ﬁﬁﬁéa@tr%, of [h@N0%) 9;?&1 leaét 15%, by at

pressure), cholestero bnormal it es, em a,
lqastQQI’/y b e lgest aBRone ldast 39%, buat lmtﬁi%,éycat hagl@O'%o by at least
o} by 4t1Ghs50%, B %Fi%§st g%oy by #5dad Yo%, g? REEARbSY, ﬁs)nattlcgﬁ 70%,
or ob abol i ¢ syndrone 1s al known
bmst leasy ﬁi%dmsat )eastl &Qg/u by at least B ¥b.chyoe lesstrd@bo b at ledseR3%,\by at
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Figure 24. The presence of three or nore of the risk
factors in a single individual is indicative of
nmet abol i ¢ syndrone. The Anerjican Heart Associ ation
suggests that netabolic synL#one be di aghosed by the
presence of three or nore of the follow ng
conmponents: (1) an el evated waste circunference (nen,
equal to or greater than 40 inches (102cm; wonen,
equal to or greater than 35 inches (88cm); (2)
el evated triglycerides (equal to or greater than 150
ng/dL) (3) reduced ngh Den3|ty LIpIdS or HDL (en,
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[ 00681 "Metabolic syndronme-rel ated netabolic disorder™

as used herein refers to netabolic syndronme as wel |
W@20000e882y, insulin resistance, type-2 di abetBSI/US2008/008756

at heroscl erosi s, and cardi onyopat hy. [00691 "Di abet es”

refers to a group of netabolic diseases characterized

by hi gh bl ood sugar (glucose) |evels which result

fromdefects in insulin secretion or action, or both.

[00701 "Type 2 di abetes” refers to one of the two

TRl o R AT B TR e B P Sl Coob s e

3828/ byyat $astge%, eﬁ att bt 438 S8as EasttF0vs, b et 180 yS %, Syl &abtS0%,

D HIERT 5 2 ES GOl SaERbIY Y oh a1 PV PSR A by a

leGdt al%smoit 1439394, Sﬁaag} eod%g.ﬁ,ab@n@ew lﬁorﬁﬁ‘ll(elﬁt g@ferably
roucnglnsu . Re .ala es. IS al so n a
diffeeepizl H presentyt sﬂﬁveuﬁéa%ft@ss}wﬂ@ﬁ'gn ficath (P8 aepVéﬁ’a d5+6 than
0@5 &W&&&B@nﬁ’e FUels had SBLas dbeREh&Busilg®MRdriWelch’s T-test or

"Pre etes” refers to one or nore early diabetjc

W lsprenncs rapis sy EPki e matingli the BogpikesslemapitiateAorrgition with

pRIMPERE or PhrtitiRAL VLIRS I BdeOTHEQARL: dfP¥Siitte cdritRaibhel
gl ucose tol erance, inpaired insulin sensitivity and

b'?twgm negativgdi)d12af easnweddﬂzf\ rasWE O negatived 1) dimeinga peréchy s
n%t&eﬂ%n@ﬁﬂ@rﬁ hidoipoMien gell rl*-@an?@gém&t 5&&[@%@@&1&&. Lveo
WO 2009/ 014639 PCT UsS2008/ 008756 effects of
megpsupicArrelationtg pkofe sylistntial @geitiv wsrelaien’ Upterwta abfomarker
h&li Ag@pc%%elanspﬁsﬁuoszs to & .0OWNEIM dildiEer BFRHRE cBficdl Aftdddrément
produced i's insufficient to mai ntain a nornal ?Iucose
(4 @R, Witk 4 ‘Subgtastial negafive isedelptipnt mefers i 3 parielation fregy8rd to -

1 'O%qubegx%tdls%%e%r sl Jn@as'uf%m%@ 'K’t‘énélﬁﬁéahﬁpdsftﬁg §<|§’r9erl£tlon
sugar gl ucose from bl i nto nuscl es and ot her

retﬂ?r@swés'emaréer hawing jacpijglation of fmstﬂ ? 19 Tldbwiteagivgy disorder or
clﬁl\{&mhgéaéuLeYnenf @% ﬁéﬁ%lﬁﬁ% RIAFERSefAive BRFSatioNS Hlfdrio a
han normal an SContinue to be resistant.
cqﬂtselat@n@ adisefered lfroanuﬂ tp nl 9 withagiNen disordgr enedipicaine t hi s
nkﬁﬁkﬁkﬂpce bl ood gl ucose levels remain normal. Once
e pancreas is no |longer able to keep up, blood
[4958ic 0s dhetlayel softape pr mere biemarkerp pgansithaabspleteds relatiys gmopnt
e I (|nsuI|n sensitive) to
o{ﬁ@ﬁ%ﬁ%ﬂ?gﬁ?@?ﬁﬁ?m%&qykm?%% 31 "Insulin sensitivity"
[0069]er s “Sampl¢ieor dbiclagiopl sampéedioF SspeomeSpeand biodpgidabmaterial
|1
Gy Plubieb e bbifed FAIE Sy (O BN BoB0 materia
sfitablmforrdgtentin g thc)detsnsqh biomarkersi ardanay qonRyise ¢edigAnanditiaond R

ol 0 nf on
oG farchfl AorTRRSHE R Tt BAIC Dt oAl HA°GalP
biolpgicaktssseer flurd/snh ao fortewarplod ddiposd tisswe, héric pipps,ilvertissue,

the spectrum of gl ucose
b8, %I"’%ﬁ?'ats‘q B Phal LN gh. [00751 "d ucose

[0969]1 | z ESubgaet” meshe pisy armnalhlsltéﬂasgﬁemblymnmmgll, scbss fér om

I t.:
et 1 3 ol R P o S 2 bRl or
rahbicose i nto ceIIs is stimulated by |nsuI|n [ 00761
[OOFEI r %f erfs rencel eHLC&S (gjr{u?rg rs’n"‘i‘eanr Ievél <’f‘thrmbtlormagker(%lgat is
cose Ut Zation’ ate h Iuc

nrxdlcea@pﬁarpartfcnlamhtdaee hhte,cpﬂ:en(cﬂiy;spmsiadk that@‘) asl \&:lbers

i ndication of the ability of the body to respond to
insulin (i.e. insulin sensitivity). There are severa
nmet hods to determ ne Rd and the hyperinsulinemc

eugl ycem c clanp is regarded as the "gold standard"
method. In this technique, while a fixed anount of
insulin is infused, the blood glucose is "clanped" at
a predetermned level by the titration of a variable
rate of glucose infusion. The underlying principle is
that upon reaching steady state, by definition,

gl ucose disposal |s eqU|vaIent to gl ucose appearance.



di sposal (Rd) is primarily accounted for by glucose
uptake into skeletal nmuscle, and gl ucose appearance
WO 2000qumBY t 0 t he sum of the exogenous gl ucose PEIF/US10081008756

rate plus the rate of hepatic glucose output (HE).

The rate of glucose infusion during the last 30

m nutes of the test determines insulin sensitivity. If
high levels (Rd = 7.5 ng/mn or higher) are required,
the patient is insulin-sensitive. Very low | evels (Rd

= 4.0. ng/ 2009/ 014639, PCT/ US2008/ Q08
e Ry R S L T
ofChibMarkeliavk 8 ]d@elttﬂﬁeﬂmélcﬁ)tl\&nﬁ a paiculaidissase dtdReloveb@gpe.

betmeen 4 O mn_and 7. /m re not .definitive
A REE N gEenes (Tt Biymgirs BRar e b it 8 iz 1ot
pﬁhgnaraiﬁsehmtakd dt phaﬁitﬁieamseexaw&]ﬁprehmpabg petithasétemace

gl uc 0se an ﬁga ucose. tol erance (1L GI)"
leyple of ¢ h‘é?mﬁ()ﬁ‘if PP .aé%ﬂe eaf‘?'?ﬂ“l" %mgatefr indigpteye il ABRTRY |
diaffesisDf PRIdiNREs #Sa Qibfeds Ehd"ﬂ“ﬂ?‘:-@ﬁﬁet% RPAE®R: reference level” of a

concentration of 100-125 IGT is defined as, a

bigatkst @ﬁ@sgleveh?ﬁaetr'o'a%\rkmgaq %wnela%}we@lf aaggative diagnosis of pre-

dﬁ@éié‘sqmars@ﬁjé& NASfnotd = 1679/ “Ble-didbetes progdeyéidn pbativd Eference
and | GI. do not al ways etect the sane pre-diabeti.c

leyelp of abioaygeker 'Bé‘%f\ﬁ/éé‘ﬁ'e{ o higmarkeghat s ingisdtivepb progregsion of the
pRRIAHRIES B &ibjecaRPYo Y. 8labas-RBR&iHESbsitiva $dtRBceNb RS a
glucose level s are a nore efficient neans of
bioppeer mansa lpyst ?fearhwrgarharﬁb%t@aw'eatfvm?é teesRssion P! tha Bt i n
dRABGELIA ABferdfREIPA5 of PREMRENHARbe L ABEASE of RYRNE aRbht or
nore frequent|ly associated with inferring |evels of
congeniratian okthe Biomarket.  pagseice ST dbsaref thedsomagkeenpignge of
am8&R b EohcehtAliSPdGhe RBMI&KEL 394EniRfunt 4H/dP hfax AR Shbnt or
popul ati on conpared to IFG The IFG condition is
censeEtian etthabiomarken@mdan gy or sxseriratign of {ip Bloggsket, fjad/or
a h@laﬁ Qﬁg{ﬂt oPEbHc&tllﬁBQtY\@f th@blj‘aﬁlaﬁgef %H&!'.N acﬁﬁ’t%?lc' RleRG cMel s~
insulin resistance. Numerous studies have been
oteompinagionn af bigwarkegemanalse ba wtieseftabodsite prvglativeizmeusts or
oMt raﬂeﬁmth%m'bmrw@wﬂﬁ rdsP&et RAREHothErS Isapfpm riate
cardi ovascul ar di sease. Patients wth nornal FSG
pesitivgend negptinergerenon tpvela of biomarkers Aol anartiulpe diseasy statges
@ﬁrlln £,%r Qlfcf( reo’F'ﬁ]l getcortwl lﬁéa%grmeraklﬁhmgfl?felsmf ges‘ﬂt‘eébﬁ%ﬁﬁqers
tes cardi ovascul ar di sease "Fasti ng
lrpinas»nwogd ampmeate FEcts, erd such seferensie dgylels maydre tatoses e sprgific
| ev
PR R G Beet A e B ralch so (<O 6 R
may bel madsbatwerni b@lcenaeklerllﬁ@san shnafudsi frams sybjestsdif algertas age and
fREIRRR R S hol e Bl 58 pRPAGE Bt VoA Leflin aec
grduph fuels refgrehcp levels diayadso ds tadlgeedito specdicdepbpiqoés thata@re used to
t e e
R Rl AR AR Holon PSP e, ML M) iher
thed¢vebsrif blmemayedlﬁmm thosmerific teThpiquthiiabwtes
re. j 7
BB oo e PEPIo L LR G5 » EORPGRY bt ikl
pmﬁeng Inkcloslegicilsample fiost psubiedi @la gragpsad rsetnem hayfnga first
n9 peg %’I hgal(\:ug]Od fgsrt I%n 2 lrseveI ?rgﬁ tat & blo]%r 1cal samﬁ?%olmoysu%gect
orf grobpuakssubjeftabavinpm sblc@mbbhsammee(e at, nbtﬁmvmbeg: firsti digasg). Such
the test, a one hour tinme point blood sanple, and a 2
hour tinme point blood sanple. A patient's bl ood
gl ucose concentration at thg 2 hour tinme point defines
the | evel of glucose tol erance: Normal gl ucose
tol erance (NGI) <140 ng/dL bl ood glucose; 17 WO
2009/ 014639 PCT/ US2008/ 008756 | npaired gl ucose
tolerance (1 GT) = 140-199 ng/dL bl ood gl ucose;
Di abetes 2200 ng/dL bl ood gl ucose. As stated by the
ADA, even though the OGIT is known to be nore
senS|t|ve and speC|f|c at dlagn03|ng pre-di abet es and
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routine clinical use because of its poor
reproducibility and difficulty to performin practice.
WO 0®80]14639asti ng i nsulin test" neasures the ciPCUUSL00810P8756
mature formof insulin in plasma. The current
definition of hyperinsulinema is difficult due to
| ack of standardization of insulin imunoassays,
cross-reactivity to proinsulin forns, and no
consensus on analytical requirenents for the assays.
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metaB8xd iRt & RANGI deh QRS lardd¥abBENECealldd hia%mMecules The
|nd|cates hi h insulin sensitivity and a | ower
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trai ned professionals to carry out the procedure,
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every mnutes for analysis of insulin and gl ucose
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ted to the clinical résearch setting. [0082
theca@ééq gyeellplafeompartgeny). c HicgRyeatary may inckde therqupamy pie/eqriype
oﬁﬁﬁaﬁﬁﬁolmrﬁesmdﬂhé &fmall nld1ecusrBRik> %@H@Het% r%%ém% at
(expressed percentage of body weight) is between
sipgle t%wuwrmﬁﬁmie diiterengteglyngyes men. W)rren with over
(ﬁﬁg/f bOdMeta@&oﬁ@’dm@?rﬁ aW'o'fhleg}h%fl moAeite Bid¥ent fla @& organism.
consi dered obese. WO 2009/ 014639 PCT/ US20 _/008%56.
[9096B3] “B’B@hth\ﬂhggdqr’h tpésrs to(digorderg grdiseases that negiltgin perturbation
PR PR bRRA ) N A SO M B2 A HRIGTA nBlandm ¢
(drebiyfismend/oTertabelierh). btjtefation (remgiabdismsian yesule ram|aadepbildy
td ﬁ#eﬂﬁfﬁ)%s(cﬁ% l%g I%es[xbé?a%?é Ihlat J%nglbg msqker?er{ g# Bﬁenylalanine)
neasur enent hoi ce tor many physicl ans d
an@@@armh@sumtm|an@{00besietryedlwubstgnced>aiIMPaD dakiqlsvaig or
t. C r CeQuUI th
e B ARG b (b [P SR MBI Z By B9,
[Qﬂér’i]s on' @Amwhsyndmmd”lrcfgrsama‘redpmedmf amush:eng hf mﬁtnbohc risk
nmeters squared. (BM =kg/nR). Subjects having a BM
| ess than 19 are considered to be underweight, while
those with a BM of between 19 and 25 are consi dered
to be of normal weight, whlfe a BM of between 25 to
29 are generally considered overweight, while
individuals with a BM of 30 or nore are typically
consi dered obese. Morbid obesity refers to a subject
having a BM of 40 or greater. [0084] "Cardi ovascul ar
di sease" refers to any di sease of the heart or bl ood
vessels Cardlovascular or heart dlsease i ncl udes but
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arrhythm a, coronary artery di sease (CAD), coronary
heart di sease, cardionyopathy (including dilated
W@ a0diootsyopat hy, restrictive cardi onyopat hy, PCT/US2008/008756
arrhyt hnogeni c right ventricular cardi omyopat hy, and
di abeti c cardi onyopat hy) heart attack (myocardi al
infarction), heart failure, hypertrophic
cardi onyopathy, mitral regurgitation, mtral valve
pr ol apse, puI nonary stenosis, etc. Blood vessel
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hydr oxybutyrate in conbination with one or nore

bi omarkers indentified in Tables 4, 5, 6, 7, 8, 9A
WQ@B)09AT463P8, and/or 29. [0099] Methods for di apEiEEI908/008756

or aiding in diagnosing, whether a subject has a

di sease or condition, such as pre-di abetes, netabolic

syndrone, atherosclerosis, or cardionyopathy, nmay

performed using one or nore of the biomarkers

identified in the respective tabl es provided herein.
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gl ucose tolerance tests (OGIT) for use’in
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(I'FG, or inpaired glucose tolerance (I1GI). [00102]
r¢lptad ipemeiehelic syndarressusingrpdassgrspinplgs @mmftdofrqrméﬁmbwoy mah@etme
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resistance in a subject. In one aspect, the instant
i nvention provides the subject with a score indicating
the level of insulin resist%pce ("IR Score") of the
subject. The score is based upon clinically
significant changed reference | evel for a biomarker
and/ or conbi nation of biomarkers. The reference |evel
can be derived froman algorithmor conputed from
i ndices for inpaired glucose tol erance and can be
presented in a report as shown in Figure 5. The IR
Score places the subject in the range of insulin
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fromnormal (i.e. insulin sensitive) to high. D sease
progressi on or rem ssion can be nonitored by periodic
waletoeomesat i on and nmonitoring of the I R Score. PREERING@S756
to therapeutic intervention can be determ ned by
nmonitoring the IR Score. The IR Score can also be
used to evaluate drug efficacy. [00103] Methods for
deternmining a subject's insulin resistance score (IR
score) may be perforned usi ng one or nore of the
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ana Yze bi ol ogi cal sanples to identify or nmeasure
megabelic yndioRE maydRerdeshs usejoh opges noserpiomarkepdisyd fin Aahes 12

a§(ybrt B0h LoMBMARS ViBYorRSr HREibRarRBYER of R rddot.BRE & aé 6,
mple in order to determne the level(s) of the oné
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chromat ogr aph ﬂ%@ PLC, gas chromatograp 1 qui
or:wpfﬁba@r@fgk%hw inrfebles $pand/qrdddn eqmitieatign wmkrsne NEIVE) |
bRV Asg&ka@é& wlma@mw&me R ﬂ(oléu S84 in Tallt kbody7, s,
| i nkage, other inmunochem cal techni ques,

9808 Z1at8 oneomtieations thegaf t her, the | evel ( s) of t he
[6098) O gmﬁekm RFREK R nReulBRY d#@aogmésernergla{ AP ?&fnwet.lc oPr
exanple, by using an assay that neasures t evel of
digbetisrasadiriens; sich enmmairadinfulintransitodiyr IG!SLEimeSSlSthG tor type-2
dlagé/tgg mgltjdé ol? I flﬁﬁ'gsg %lte(i afab% N ? e Atéﬁ 99 28 and
measured. [00106 ﬁwter t he eve e’ one
cmbleatmneﬁemérféte bjosagheerseal loivrsabjects tv@el céaxef i¢d)s msmhy be
r&ﬁ&ﬂ?ﬂ%@hﬁ h iré&% fhsQin s{%ﬂ!‘tﬁb ! Ilr?@ner &E %%%arke%’ﬁ)k L?e)m of

t he one or |onar 3 Jé ermne a ra
disonguashirig Oofald!rigen disangmishingy @t\meorsabjkcex ifay)ngiimpaired msulm
eﬁ@ﬂpltf frﬁlq'-lt}ﬁb 5@% }ééalgnévc’ ég ﬂ%}éu&? m?ngglrsglgs%\ﬁgl 1Hc§ucﬂ:%n§ Y qrmpre ¢ of
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may take into account any factors relating to the

di sease or condition, such as insulin resistance,

i ncl udi ng the nunber of biomarkers, the correlation of
the bi omarkers to the disease or condition, etc.
[00107] In one exanple, the subject's insulin

resi stance score may be correlated to any index
indicative of a level insulin resistance, from nornal
gl ucose tolerance to insulin resistant. For exanple,

a subject having an insulin resistance score of |ess
than 25 may



i ndicate that the subject has normal gl ucose
tol erance; a score of between 26 and 50 may i ndicate
WO baw/014889 subj ect has | ow i npaired gl ucose t ol BCHOSWIS/BI8756
score of between 51 and 75 may indicate that the
subj ect has nedi um i npaired gl ucose tol erance; a score
of between 76 and 100 may indicate that the subject
has hi gh inpaired glucose tol erance; and a score
above 100 nay indicate that the subject has type-2
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g herog&lerosis, and cardi onyopathy, in a subject
MIIreBs (1) analyzing a first biol ogical sanple from
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subj ect to det er mi ne t e,IeveI of the one or nore

glr ot OF gluceiite. aptenmbinasinpy teers A7 prscrsPach P mAers for use in
nfea#ah@faanag 1PatREERREsts UIRg PRIsih saxﬁmak ftod a SYjRAMcRGe bkttor

| evel (s) of one or nore glonarkers in the #lrst sanpl.e
moge qfiFempthylBistidipe. greresobsubiais. BHRMPT &UsPBnglrdeaRts, and thase listed
i BAbRRd 4 3APT €Il aRo@EABpect BiofBesFbr dsBfh methods relating to

&ro gression/regression of the disease or condition in
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is indicative of the insulin resistance int
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to the IR Score fromat | east a second tinme point
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progression/regression of I abet es and/ or tég
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score for t irst sanple fromthe subj ect

ingludg, thfej biagnarkdrarislepiéfiadtin Figyes 408y va agd E5econd
OgigGhar LS i ;
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second scor e, e second sanpl e obtal
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di abetes in the subject. [001101 Usi ng the bi omarkers
and al gorithm of the instant invention for progression
nmoni toring may gui de, or as$j st a physician's decision
to i nplenent preventative Teasures such as dietary
restrictions, exercise, or early-stage drug treatnent.
I'V. Determning Predisposition to a D sease or
Condition [00111] The bionmarkers identified herein may
al so be used in the determ nation of whether a

subj ect not exhibiting any synptons of a di sease or
condltlon such as pre- dlabetes type 2 di abet es,
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bi omar kers may be used, for exanple, to determ ne

whet her a subject is predisposed to devel oping, for
we@x@aol439 i nsul i n resi stance. Such net hods of PCT/US2008/008756

determ ning whether a subject having no synptons of a

particul ar di sease or condition such as pre-diabetes,

type-2 di abetes, netabolic syndrone, atherosclerosis,

or cardi omyopat hy, is predi sposed 29 WO 2009/ 014639

PCT/ US2008/ 008756 to developing a particul ar di sease

or condi 1 ng a hj ol oqgi cal.
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resi st ance- nesatlve reference | evel s of the one or
biepragker, effminkbieng ajcambingiden Qf@ll@éff@rbm%k% @renelt orafleof Tables
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rési stance. ~The'results of the method may be used
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lé\'f@l@%i;léboluﬂhkg)eor%s's Bioﬁf?xl'ke%e%w ﬁ@etdr%ls Qtverw/'] %F Q?sr fifteen or
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lesw i ariles niegw 1eps;eight erelesst seaen enless( 9y OfdPSSt five agigss or
bmaﬁ(ery Qﬁ@ﬁdﬁﬁefr 3s e@t {hg %uﬁ@%f ®i oﬂ{aﬁ(eqsef%?ﬁsmlmﬁlg disclob&
l'evel (s) are comnpafred di sease-
metheds inflode weéﬁwelsvéomtwwhreﬁ m,sfece, w, sexsnd¢ightonne, ten,
el‘%@&akb N, hkeeh, %&“r‘ hefo%‘éeﬁ ka@ @r%ﬁ tffbe P&GRHS hiowhaleRer
he’subj éct is |s ose pi ng a di sease or
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Level s of the one or nore biomarkers in a sanple
correspondi ng to di sease- of, condition-negative
reference levels (e.g., le s that are the sanme as
the reference |l evels, substantially the sanme as the
reference | evels, above and/or 30 WD 2009/ 014639
PCT/ US2008/ 008756 bel ow t he m ni nrum and/ or maxi num of
the reference levels, and/or within the range of the
reference |l evels) are indicative of the subject not
belng predlsposed to developlng the dlsease or



conpared to di sease- or condition-negative reference
| evel s may be indicative of the subject being
wee@diospdsed t o devel opi ng the di sease or condP€T/082008/008756
Level s of the one or nore biomarkers that are
differentially present (especially at a level that is
statistically significant) in the sanple as conpared
to di sease- condition-positive reference |evels are
i ndicative of the subject not being predisposed to
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tables may ke nsednmeddﬂanat&amthechatcel dIQhesrtmnmasi;rea dfehd nembt@\&:)
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is statistica ni fica n
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cqdiomyoRsHhy: BIRY REFUMSH UPIAG ORe SRATE sithe fig§9 e
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500114 Furthernore, it may al so be possible t
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or condition suc insulin resistance,
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bi omar kers for assessing different degrees of risk
(e.g., low, nedium high) ug a subject for devel opi ng
a disease or condition. Suth reference |evels coul d
be used for conparison to the |levels of the one or
nore bi omarkers in a biological sanple froma subject.
V. Monitoring Therapeutic Efficacy: [00115] The
bi omarkers provided also allow for the assessnent of
the efficacy of a conposition for treating a di sease
or condltlon such as |nsuI|n reS|stance pre- dlabetes
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efficacy of a conposition for treating insulin
resi stance as well as the assessnent of the relative
we@tdovoswy of two or nore conpositions for treakCTES2008/008756
insulin resistance. Such assessnents may be used, for
exanple, in efficacy studies as well as in | ead
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197 UEEHrﬁuﬁh%H&ﬁdp%ﬁho@ﬁ% PResse o tBnftighi Nat i ons
t her eof The results of the nmethod nay be.used

(91d My vihe loataﬂ@fs ifentihisd Bereigrmayiadso bedisgd ‘t‘éhetdlfi@F‘%'aFt)O“ of

Bkt subfectif BXHIBi A ShySy RBlohRIBE a HRERE BS@NtBioR such as pre-
t herapeutic for the disease or condition in

dighpie dtpe-7 itpetys| metabolfe sy 1dr e apgvderPHis, eb?ﬁﬁ@ewwm tTie
biBRE RIS MY btisB8POSixREpleOto dieHhing whitherlaBbjdétaoReSspos&f b
a di sease or condition such as pre-di abetes, type-2
dgyedoninge £or exgspple dnsubin resipiaaseo much methedsf delermiaing whether a
sGBJEdh %Oﬂ%ﬁ)bton?sﬂ}f a%'dhfcam &séi?é HGndTBON Kieh BSRELdlaBetes,

anal he "bi ol ogi cal sanples in order to determ ne
tyf§e 3/ ighegdsrggtakefic synsrespe atherongleresis. iy eardioreprathygistprrdisposed
sanples. In addition, the level(s) one or nore

bi omar ker s, including a cogpbination of all of the

bi omarkers in Tables 4, 5, %, 7, 8, 9A 9B, 14, 15,
16, 17, 21, 22, 23, 25, 26, 27, and/or 28, or any
fraction thereof, may be determ ned and used in

nmet hods of nonitoring progression/regression of the
respective disease or condition in a subject. [00136]
Such net hods coul d be conducted to nonitor the patient
response to a therapeutlc for a dlsease or condition
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38 WD 2009/ 014639 PCT/ US2008/ 008756 pre-di abetes to
type-2 diabetes in a subject having pre-diabetes, or

W@ ouwha14889 used i n subjects not having a di seaseECDDS2008/008756
condition (e.g., subjects suspected of being
predi sposed to devel oping the disease or condition)
in order to nonitor |levels of predisposition to the
di sease or condition. [00137] Pharnaceutical conpanies
have carried out studies to assess whether certain
classes of dru e PPA | ags.of .i.n
GUERPhsd et B o BRaolirarbe™ (7 s Gt OB HGamote
foin 4 hubjet oidadiriae hevevef)@fongsrewdre pioaratkees 1ared is the c&péactive

AP BRSNS o DR g DELETD B D01 Bt P

cambinatebnalﬂetdo@ ip h&rsaﬁfsrelaa@(z; cémmmgﬂm ISVeI(@pcsftga Mﬁl’a)r re

t he gener dlabetlc u ation

S A A AR o R N o AR R AN

nkghtine &cﬁererfce |6lie RGN ezlon€ 8r hbdbiondrkerdigkdek yo de@SPHRAHether the
nd non- onders in o der to strati h rjsk

stiee dh pipsitnobe tp gevelapinedhs Yeepesye disgase 061601144 n, For example,
twneerdiﬁamwdf bloRARFRREWE inSulmadiktahat EifowsTbEethe aét&ﬁﬁﬁdtl‘éﬁ by
% . new di a nosglc test that discrimnate
Ysther %%ug&ﬁb*mg’gfnpawp B Qb IRgesssiance sreedigposed to developing

ifsBA ARRIdhéeC AVRIhGd BNEIRIrMinRANKBREE b kit atk hmsq?myﬁ@tdn% of
|dent|fy and stratify patients that are |

insHimEraigtapes it pEdispRspdpelsy lepingBtindpustange g@vp@ﬁs%o fppadyzing

R AR E&In'l;ﬂesfrf)lﬂra sﬁ%éét% Bet&AMRIthSlel 1@ ofdiR ok IR Biothrkers
respond to the therapeutic. VII. Methods of Screenlqga)

ligtedbynfrbles th %m’) 7.6 SAc 1A AR; gnd ‘iﬁ’"]\?(‘ﬂi‘ﬂP%ﬁth?T@OfBP dirarRele an
cbRAPARBlthelBe1R) HTRE KRS nfrOMbiASHed &1 Bk BarR)IS B iR \Pesi@ince-
the screening of conpositions for activity in

PRYUYR agion rsplinbissipRece e gy ive esferensg Isnetsiof theping epwaredyiomarkers

it Srak tb OB fUGRetRS tY Eibjedd la&@&.%se& %m%veaoﬁﬁgﬂ#agn BiSesistance.
nmet abol i ¢ syndrone, atherosclerosis,

and
T@ar%v'@%ﬁf&mﬁw m%b%wewyngowﬂmg@FrunethWSt(@réh? fepigjtstthggcof)
uSUFSIGARAR cRhickIQREhin@on oPWhRthEET R8st 1§ BRBishsied toaci%Sé}Mblﬂche
test conmpounds for activity in nodulating the levels
diseasgaecapditioBr e bi omar kers sel ected fromthe
[6AF PR C LARLE tHAIIQRREKSFHR dnk SF B6relbibrtdierd HSREGHpYEart 88 RTned,
Such screening assays may be conducted in vitro
therieyed(s) arpcamppscd tadiseasayorisenditipnappgitive pre/Rifbseaser pr qopdition-
n@éa‘we l‘@é?éd&: 1dvers 1I§§r§lé‘rytb Bﬂadlng”étﬁér 'tl%nsugfectsiyﬁrt&d@ﬂ)dg@{ok ers
presence of a test conposition such
dewéfm!ngea digeapq oreanditieresugk awrye diabetesa fy el diahetss, mw&c
s%bqorjné’] afﬁ'er‘é@clg%sci@()% cz(r@rog?{opatl‘gﬁ §&yels bintKQ l)l){é (ﬂ'gnd'?g bi'aﬁ'llarkers ina
model S). For exanp entification of biomarkers
sfrople C¢rrp§mndmgrt@mesitlsam@eoraqosdjtlm positevefreferentedewdy egnilavgls
tlpcli are %g)sgr?k ta§ fﬁ@ ?efén%ﬁcqu\tellsvél}bytaljltﬁllm \I\ﬁ ﬂ@le r&ér@ﬁ@%ﬁéﬂ%k,
associated wth 1nsulin fesistance, i ch may be
abeysfapd/of belaw wmln@unn@wqr magInUND> b Bf@npe 39vels, and/or within
ARSI IRSLANIoR i G ol AESIe s enl g
dp‘@@psrtgah@élsea@ctmmon@eorasls@yhs nfthe es¢ orguoerp bintarksnsinfagample

gﬁéshaﬂdkr}értb Gls%g (%)%thnﬁog Ee%atlé\%\{'%lei%ggg 15 eﬁf“(é;g l%[se[hat 3re the

s@ge asAhe Rbuglee laveslgl substantigllsthe sanee dsghe diesaus Becls,iahovernd/or
exanpl e, the other diseases and conditions such as
pre-di abetes, type-2 diabetes, netabolic syndrone,

at heroscl erosi s, and cardlqﬂyopathy may al so be

di agnosed or ai ded to be diagnosed in accordance with
this nethod by using one or nore of the respective

bi omarkers as set forth above. [00139] The net hods for
screening a conposition for activity in nodul ati ng one
or nore biomarkers of a disease or condition such as
insulin resistance, pre-diabetes, type-2 diabetes,
netabollc syndrone atherosclerosis, and
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contacting one or nore cells with a conposition, (2)
analyzing at |east a portion of the one or nore cells
wW@er009/0bi6dd ogi cal sanpl e associated with the cePCBHUS2908/008756
determine the |level(s) of one or nore bionmarkers of a

di sease or condition selected fromthe biomarkers

provided in Tables 4, 5, 6, 7, 8, 9A 9B, 14, 15, 16,

17, 21, 22, 23, 25, and/or 26; and (3) conparing the

| evel (s) of the one or nore biomarkers with

I%[oavﬂtgtr & ér{p@ﬂedanéfo? 121?%51%31 ({e/\fd\f]:elt r%ferefn??r]legas a%}gr \glthirﬁ”meerange of

thod tdrace bvélk)eare indicetivesf tlta:fsubjbtﬂ noﬂ&n{grpremspesddltmdwemh@.the
od, for screenin

BB TRaRn O wiioP FE Fhins Gisr drng B b e

diff reriale peset (espesially at o lesdl snaarscsatlstn:@momgmﬁ&n()h) the sample as

cont a one or nore cells wt C

CERANSS o sitae Prshodan et i tes otel G OB gt ¢ s

sQbje@ bbing bgispésed sordeptiepiag G disaise dr vndhiohheewdy dfshet (ﬁle or

det erm ne e | evel of one or re bj omar kers 0o

THE EPP’HW‘F@é A Pl eré ?a& PET (SRS E thagis Séat'St’?“a“y

siynifdAnt) RN @imphBis cam@aredio d:szama&dmalgmh@snheyﬁlfe(r&)ce ®vels are

the one i omar ker s t redet erm ned
lgc? %ﬁﬁ'd%n%‘?'F é%cgmftg?ms RE BH%SG%{;APO %ﬂ@@r"ﬂg thrgisrase or gudition.
[U@FIS{ M gew NNeHRhple N EATRIS(S) oPihe BREIGH riddre Biokilakkers in the

| evel (s) of the one or nore biomarkers. As dlscussed
Al are qetramives- e Inegshye conrased lBdnsHlie i HBCCoRIHE A/ B

ihdhliN kdsis@n@dlste@ivel rBferentd/Rvels iM@rddk ﬁﬁﬁ&(ﬁétm'lfé&ﬁr fht aingert &
| evel s for the one or nore biomarkers nmay be the

Aredisppsed &g devglopiwgdnsylin rsistanesi disws!kelrthe g qfﬁ@ff‘o?f@merkers ina

sHRpR c§ﬁésb§nd1rg th g ARS8 RGREAte-pRRive tEBRAR Vel e.g T Wels that
predeterm ned standard | evels for the one or nore

A Berdankeersshangierenss leyelhsubstastiplintbe gagne g theyrpigregproleys!s, above
ANWOLLIIW IR MK BITunt £hd%? Mok Bhur® 8f ths rdh@tnce RILRCANBSr Withid the
the conposition. [00140] In addition, the nmethods nay
rpgeioR e refeiepte levelsy Al pdisatiye af the ebuact beingarredisnesesito 40
QIS AIMEStdred/ LRRRQBIHIQBE 8Bmore BfonQErOin aRinfle

cell's or a biological sanple associated with the cells
copeserdingionle inFAIn resisiace-a52agye GHEeNGe lenglp (-8, levels that are the

SHA0 aDh O PR K RE lé%z@ﬂPstHBQﬁua% thR s&thS RARE rePrerfc® Mk Ls] BBve and/or
such as pre- diabetes, type-2 diabetes, met abol i ¢
bslpmcthe minimamised/os BRE el & theasfereas Gy dmpediat wighin theaange of
ti\@l‘é?elre%CQfevél@%r@ﬂ&c@tﬁv@@m%%[lb EQABOR é'ﬂ?s)f)o;tselaqu@%lopmg
conpared to predeterm ned standard evel's of the one
ipyulipnasistanesn -1p adrgn avels @ﬁ&be arrier, mgre bipmatkersthat oig diigrpratially
H?&Erh?&pE@zM lyba?a %—%@l‘ihét(?s angl 1&&12 %ﬁn flc@rﬁﬂn tl?e é%ﬁ{pie' a@'Eoﬁ?lBared to
one or~ nore cells or a bioalogical
la%lbo cdstatanek-neigativetrpferened lewels gre mderéhvet o t@equmeﬁﬁ hmgtpn@lsposed

r of
 BElopk (Fpup REsaRe T j’?*’)@ﬂ??ﬁé&? o et M S e
dcfiﬁqutlbgnewhgﬁsmeélagy at HpyaCthagstagticakimsigyfiegphyn theiseupld as
LT o A R T T S S
bte'@grwmdq;g@@d tcbqleaelhem owblinoresistanog natthoughdesutin ensistapee is

I
c?l’n tﬁkggxatnﬁ)g&fgheg%gégsﬂﬁrté ng g%gg ée:ar‘éé Jz%Bn t‘iJL@ § may also be

dqtmnibﬁd)mpdmdanc@wpb tmis¥thodiyy wrengrmgoumect af it nespsctivy
for exanple, by using an assay that neasures the
| evel of a compound (or conpounds) that correl ates
wth the level of the bio ker(s) (or non-bionmarker
conmpounds) that are desired to be neasured. VIII.
Met hod of ldentifying Potential Drug Targets [00142]
The di scl osure al so provides nethods of identifying
potential drug targets for diseases or conditions
such as insulin resistance, pre-diabetes, type-2
di abetes, netabolic syndrone, atherosclerosis, and
car di onyopat hy, u3|ng the blonarkers listed in Tables
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identifying a potential drug target for a di sease or

condi tion such as pre-di abetes, type-2 diabetes,
woreaoaooleBL syndrome, at heroscl erosi s and car di Be/ORAD$I§08756

conprises (1) identifying one or nore biochem ca

pat hways associated with one or nore biomarkers for a

nmet abol i ¢ syndrone-rel ated netabolic disorder sel ected

fromthe respective tables (Tables 4, 5, 6, 7, 8, 9A

9B, 14, 15, 16, 17, 21, 22, 23, 25, 26, 27, and/or

dentlfylng a protein (e.g., an enzyne)
bH’F‘%aé]‘c?ﬁ*}?gig’é%’ rth @Y€ one of the one or nore identified
[%mcu]hemuﬁaémifaaa; h\hﬁyil(ljso'bb PofRIbld teidBrefind @ fererRO 1Bk isgicific to
ru rget for the disease or condition
aé‘*i%ﬂ?ﬁl"g‘ etherar oy M £t Jasnneihas %WR%‘?@OF‘SPO'] e n

ifs8 R Eetsi@ﬂaﬁ& BileSiPabick, Qy)5e- 2 ditetds hﬂethlﬂﬁnﬁtsyrfdr&ﬁé |a£h@ro@cflerosxs or
pot enti al drug targets or .insulin resistance.

CAAIOMYAPEBY. vPredmosue AOrkwTE @@Fﬁ%@@@@ﬂ%@f%example it

mMag BB pbds i@ dRicRRhe Fbtféré‘rllceqié\»‘ég off e BRImakiQdrs foP 8ddkdsig different
resi st ance corrprl Ses i dent i fe,/\ﬂl nge one_ or nor e
Of

dpgrecstid fFle Eete e edyem dg&'aérr Hublpc vEloging 2 digspss or
cgmﬁsw lg,%51§reffé?éncb NSkl Icaum sé LeH %}Qemgﬁl.s%ﬁt@m? ie;vagbfﬁab b&Sor
MR PR &b‘omtfﬁb‘-iaﬁ‘l’(eeﬁ‘g“ asyiecknzyme) af f ecting at

| east one of the one or nore identified biochem ca
\pawhmmmﬁl'tmﬁaﬂmmk@nnuk§4ng a potential drug target

in si st an insulin res

s s?ﬁgé@alaﬁﬁrstmwgeé%@émﬁ'swt*?wae serEred oL B s Ry et a
CGIﬁﬁ&;httdnG'&Str&UQ@a diseasd yfRnditich AlRheBsulitsidigice Gre-diabetes,
Q%y@ﬂ& erosc%er05| an cardloq%ogath Eag als

& ?bé&ﬁdgié ObiF sY1dereee: pherReclgPsiy ALY oMY ORI o ?i‘éE‘P
th itléntitfiBaton r&k;bi@ﬂﬁrl%bs fUlSllnﬂQmQéb%fth:e ﬂ@d’ :glo“@ffoﬁdgﬁgzssdfment of the
respective bi.o ers. as set forth abo
eHFBDHI REPRYEOT 6F treagiap insENN g stanc 4t SRl Fsth a%SEfgm%raroé the

rélﬁl’ve%fﬁiﬂa&ﬁﬁ&ﬁ'o QF mofQIddipbéifdhs ForGReathss lpmmdesaéa@tessuch
type-2 di abetes, netabolic

g yndr ong, atherosclgﬁg
agsRRFmepts Y Sy esdaon X amitinin €hEacy sdieanvs k3R ra e%‘Pn of
cOMp&ithin® e kGl thPdtAVRIToRESGACI ated with one or nore
bi omarkers for a. netaboljc sgndrone rel ted met abol.i.c

(G198 ddihus alseerier ag s Speeing (e efti iBPetia compagiiigfor

téatlr}%,a diseasé,or ondfdn sQEh aslidsulid Resisthfice, pré.diabbtes, 3?[36-2 didbetes,
25, 26, 27, and/or 28) and gne or nore non- b omar ker

megibpityadrogt. athgosessiss or Grdiomapathy FRRPrasing ( pynalyzing, from

alsQ§ &t (e cﬁsw&&s? hividd { 8i6dabd@ cBhdili®Psikch Qﬂﬁe-@fabétbﬁ type-2
one or nore identified biochem cal pathways,

digbeies Mstabelictyndropist ahgrosslerasisugy G@@ﬂ(@@tﬂpﬁtar a%@"&n%as e

pRIViduY Bk @Bated R th £ ¥HPYsRionda lﬂ@lt)gﬁ@zq shifple K&%‘%dpfol' kdiplek) to
potential drug target for insulin resistanc

deterppg diedevey) Oif ERTATIMSFF RigmBFErsdpr th%?‘éorﬂ?fééﬁ@ﬁ‘i‘ frain Tables 4,

5pé 7hgvay,3§ 995543(35 alt6€ij7 Wit 3D 29Ne Y 21K ek c@%fnkﬁ‘drﬁ tﬂce%rof and
i nsUlin’resistance selecfed from Tables 4, 5,

(Ygomgging theylevel(sypithe ome orgppge b'ﬁ@awrsn%ﬂ@ Sﬁi@wﬁ 53 @}H&v%b of

U BHAER WEmArRSY J‘prE\ﬁéﬁsELéﬁéheo.é!B c412dmplk @8R thd MibRet, 2
protein affecting at |east” one of the one or nore

wheef the p@womlwkewl@wglcakﬁamnm obtajned fpwiths subisel beépra
baqg &B4cbMvithhd Qo%ﬁés&ﬁ}n {b%nsédgé W CShditfonl pos R0E Referb iR 14k of
One or nore biochem cal "pathways (e.g., biosynthetic
thermae or matetbagraarkers, (Qchteatsopi @pdigan-negaiye refasericel eelp pf theg one
that are associated with one or nore biomarkers (or
non- bi omar ker conpounds). ter the biochem ca
pat hways are identified, o or nore proteins
affecting at | east one of the pathways are identified.
Preferably, those proteins affecting nore than one of
the pathways are identified. [00145] A build-up of one
netabolite (e.g., a pathway internediate) may indicate
the presence of a "block' downstream of the
netabollte and the block nmay result |n a Iom/absent
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WD 2009/ 014639 PCT/ US2008/ 008756 a simlar manner,

the absence of a netabolite could indicate the
w@e@sensd of a bl ock' in the pathway upstreanPCrf/Us19e8/008756

netabolite resulting frominactive or non-functiona

enzyme(s) or fromunavailability of biochem ca

internmedi ates that are required substrates to produce

the product. Alternatively, an increase in the |evel

of a netabolite could indicate a genetic mut at i on

0}:‘)8‘@%6 {)rg%u s(of:&seas - or 9"2@88’;&’?‘%{?58'8" 8f>51t|ve retér%tc? ie%/els ofethe
onk bichore tbemdrleasj snd/@r (ahdnadatee patdnd moofregrelsts hetposmtearteﬁadence

bi i
FRBRBF A o P BVan. Tete B hREG R haF AR of e
ebfitatydofltie @impokigioh fod tlagimigaid resp&tte\rermsémtoe corlitaol i t e

BXES s SFnee s 52 TR T oF e ap e R or vefme

mm@ss)eluttt.@nwaftprbgressroaloatdgeaaam @ftbenmee@orpahmaym thésubject
currently unknown _and his data could r

Péthart"‘?‘ﬁrh@tﬂ‘epco“fsﬁGiﬁéj"e"’rﬂ'éeaﬁ? g endision Wehs ?”tf(’teétzt “ﬁﬁeve'<a5 of

tlﬁtﬂfrﬁlﬂ)? ke K’érﬂ@lﬁér@ﬁﬂﬂi& iﬁgﬂ Bampldl e lb\.fél(ldﬁtﬁ“dhd éheliodl ﬁ‘ﬁbfd Biymarkers
npositions that may be potential candi ates
iR thsatqomg sample APY/RLING FesHif s HeeoBIParivop q‘f’ Biils of Ht:‘r?%arkefs
ih The Yirdt And QBbrik s&ﬁhﬁfks nlaf Gk W6th fifle 00 MRASiplet iR Hisk k- GRBAdition-
therapy. | X Methods of Treatnent [00147] |In another
P8§b‘éf’c%“d/°ﬁ€F%E‘sorf"@'i’d‘t“t'"e%‘tg%‘@’ fafetﬁnefelagfés rthe I Mo%h
bRIEdIkeRS 1PIRcopaRBhERdichtY Bt de tvalpg b e oﬁ@bﬁ)ﬁ&]e |bﬁ)markers
syndrone, atherosclerosis, and cardi onmyopat hy
afs 1RGP, OF PRRICATIIONEIS IRl at' thy Stqq%ﬁwlt tSecampﬁrgd p the first
sBHPk L6 et Adte Aintl1aP RARE dREas& AR BbriditIA-poSGEredence levels (or
pre-di abetes, type-2 di abetes, netabolic syndrone,
lege piEH 5 ©Ithe diagase- oneRNINIDNUIESHYB e TRICe Rl dRendhe rsalis ges
IRTM0L othte 9i8& 505 oNTINGitiBh QIRIkBSibS) 1f m&a:t)n't?ﬁﬁsohﬁwgircﬁg that the
in a subject having the disease or condition as
leshpaf e ane oampadlierparkess e dicreapine OhgaFreAYNS PYFE tighe sebgcame
nfre GRMEE bR HiseAe oPEMARIK %E%UR’Q adferbRY 10815 MR IsitiRF 8Ahe
may conprise one or nore of the biomarkers in_ Tabl es
dzpeass- or@ond;tttorgposgA/e rg'genq_egllevej_sg, thq[‘ghe @ultszq_e mQQatlvzg)f thz5
d%@%es%]mx%ﬁmmang%@&KQQ that are decreased in a disease
or condition state as conpared to subjects not haV|ng
[00148] diFseexseply. icerderite chpmactasize theispernefidasudin gesistagcyi the
shbcjgc!t "ﬂt@@vgéﬁ @fjthe 8k 5rhﬁ0rb QQ%H&% lﬁ’thetfn& s%ggﬁtﬁé‘fcpel s) of the
npound (1. e. conpound nane). bi omarkers th a
oae er Bere rbemdrlyermnmdort@@abbl W@s th@d@ﬁuas plethe eeihperigen of the
%@&%@'t %.th:tﬁka@ 0 Jxé h&@tndcsbat]agt,ﬁsnesz'ﬁty tm%ntpg.red tmsulm
iomarkers listed 1 n the anmpl e F'ow (e.qg.
rgsgprance- nosntwmad/enm@'dmrremtencemh&ﬂtlm mﬁqmcerks/ets h)étheaneor more
i Ni t . X
b%gﬁrlgeggscf J?ft@f&io@tﬁ)&fﬁa&g{ngﬁmm gthp Iflle?‘:gll?{i Iéﬂh% é)n!: tiér{'l&g bforﬂaaékers
agRncrading2p de@Fasin2@verdimal @Gre. 219th43eo¢mi W lewgmged to the first
0 :
<SSR 3t (e A ABSIARES0R REARLENUL b oss
singilan & tlhessultnhraﬂst@no(e&eemva refergadelevelshghentthargsts e, indeative
| e t - -
gﬂ]%gl narep st t é)ro res§ H%Eesc?)n gygn lnghzgtg t}}{a?%hggcf‘Jeg?)Soaf 'tttl‘%'ﬂe
OWrioot’cbwnarkens awkncseanng'be dtcreaking ovdréimegorbemdimeandrs simtikaeto the
bi omarkers that are adm nistered are one or biomarkers
listed in Tables 4, 5, 6, 7, 8, 9A, 9B, 14, 15, 16,
17, 21, 22, 23, 25, 26, 27, %8, and/or 29 that are
decreased in a disease or cohdition and that have
either a positive or negative correlation with a
di sease or condition. In one enbodi nent, the
bi omar kers have a positive or negative correl ation
either > +0.5 or < -0.5, respectively, with a disease
or condition. In other enbodinents, the biomarkers
that are adntnlstered are one or nore blonarkers
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and/or 29 that are decreased in a disease or condition

by at least 5% by at |least 10% by at |east 15% by
W@eobesssy 20% by at | east 25% by at | east 30PGT/D§2088/008756

| east 35% by at |east 40% by at |east 45% by at

| east 50% by at |east 55% by at |east 60% by at

| east 65% by at |east 70% by at |east 75% by at

| east 80% by at |east 85% by at |east 90% by at

| east 95% or by 100@6(i. . absent) I'n one exanpl e,
msan re gﬁtal frl]aﬁ%s ative rr,ﬁerence Ifzveqa{or] ii‘esst srme‘lg rto n}}e mn srulhn Sﬁ an(ﬁe-

pDﬁBVeSéﬁf’fmee lekels), themrhplresults are iralicdaye dfdndutie adsisansduepession.

(R e Son riroe L PE R Gim b S5 Y Peog 3 e
tliedmtrseﬂpleris stuhp&t:tlﬁ ohaaspag, thmﬁaubnmsaﬁ@&nsblamai B2,3,4,5,6,

eal th not.
of QBTeafghle® it T S Ao PO daaaton Fhe LuRRATon o
cbmpmrdﬁemsaﬁdw adpayt, e sadnd Rinflei asltamedu cz;wam lsse 7@&69 10,
or nore. of tggfhblona kers in Tables 4

ogRoregpeeksafter étrfa‘/“B %% ‘trﬁ%fft‘“%&'f‘%o'b‘éfé‘i‘ee"éi%'al‘sﬁf%ma Ofa
cSMPysafh. Mddiofr aepstt] 18 sécBfd SinphCiBay WY ctﬂmmhl prsul 518, 7, 8,

resi stance i s di Scuss i.n thi t he her
}%éis@sordvor&mmsl g‘ﬁ’st © S5t i“trﬁ%srnge witiapiae 8@516

afMindaatibCofaydodiposBen. at her oscl erosis, and
cardlgg¥opath may al so be treated in accordance with

(QHRY e seprseRf a&gﬁieﬁﬁv B RRNdgionsysieasdpsulip gesisiagefe plerdjabetes,

t@e%ﬁﬂé%&n@%o‘-’r@% AdR6rhd) a8V erosts, MBArBBES o ffthy s iaRGbjbdie
i omar kers f er Diseases or Conditions 0014§

may alsA e Raaraciized by coprariag dhe lesie dbtherane Ob’i“BY?d%“Pé‘é‘}‘rEefS in the
fit SEh NS Rk BEN@) 8 thO@bnPor nRAE bibmiikess iflihe 8&SRd Ydmple, and/or the
condition nmay al so be biomarkers for other di seases or
resalsoefitheospgparigngrof dhedgysniseof the bipraarkerp insthe frst #ik segand|sagples
tS@ERsQlor EEHit RASHOdrBss 0B HoSiti AR/ JPIRBRE KR c8n dTBh-REressiLd
in_the nethods described herein for other diseases or

peathvEi refersmse keéelg If thecogmganisons indicgipthag the lqy¢ldp o the one or more
bRABHIS2P0(CRAGHEE: deSHRIFONR) imT 1S, ihShe dbimdTBhPRAS

described herein with respect to 1nsulin resistance
coraparedyiodle first s38wle) fohecemea gresiimiar (o the isgisager candifien-
pﬂig?&ﬂ@r? b&sitNe)reRredbSRAIE (P lesCOMEALh R HUER- &Sconb¥iBR- 2

di abet es, netabolic syndronme, atherosclerosis, or

rqgaqsalpm%ﬁb\gtrﬁ@renﬁ%kﬁ@@sthgm the rli?fﬁltft e pqqig:atwe of the disease or
cOHdAn 3§§gr9§§(ohe o the &r%&rn%ns%&teﬂh&i'tl%ﬁ@&@(s%f thOSMLI o b3k

met hods of assessing efficacy of conpositions for
biomagersrge gtensiag o deerasngover Binei hegpme meterriiarde the disease-
op ErRRISh MEar8ssiof PORATE fekhct Rervel@EJ négg Likhilaf o TRAMLAL- B0

bi omar kers associ ated wth suc di sease or
cershiféintpregressinat nositize eferpnte fgvekby rdwg theoews prglindieatige of disease

rﬁﬁ&ﬁr&ﬁ&méHCh di seases and conditions, and nethods

°0 treating such diseases and conditions. Such nethods
(@d2lld Be voiribeethedmebodsalsteribesbliréinrted epmmiatispns ewdeithe o
e Ol 2k o flepre b e SEARR i ol M
resistaoce, emﬁlehvpdsaww2 diabetee mgiapbles, syndremaptireogislethsisceri bed

ciliotoa P b B8 el 3083801 g b G LRGN, nclois
siNigple QOBYiGMS.AME 2¥ morelstatBlch) @A s¢Pasl Gopdiratonsiaereof.
2006/ 0134676), 11/301,078 (Publication No.

2006/ 0134677), 11/301,079 (Publication No.

2006/ 0134678), and 11/405,04@ may be conducted using
a small nolecule profile cohprising one or nore of the
bi omarkers disclosed herein. [00150] In any of the
nmet hods |isted herein, the biomarkers that are used
may be selected fromthose biomarkers in Tables 4, 5,
6, 7, 8 9A 9B, 14, 15, 16, 17, 21, 22, 23, 25, 26,
27, 28, and/or 29 having p-values of less than 0.05
and/or those biomarkers in Tables 4, 5, 6, 7 8 9A
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val ues |l ess than 0.10, and/or having a positive or
negative correlation either > +0.5 or :5 - 0.5,

W0 e@pettedyel y, with a disorder. The bi omar ker SPETIEHS2083/¢)8756
used in any of the nmethods described herein may al so
be sel ected fromthose biomarkers in Tables 4, 5, 6,
7, 8, 9A, 9B, 14, 15, 16, 17, 21, 22, 23, 25, 26, 27,
28, and/or 29 that are decreased in a netabolic
syndrone-rel ated netabolic disorder (as conpared to

contr ol em s r tha ecre
(G2 o et orefeTP o Py BEwief BlonghFin o EFERER e e
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02%‘?? '"85 52 Y4 éeé 30% by at least 35% by at |east
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0) eas 9. Of y 0
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29 that are i.ncreased in a % di sease or_condition
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| east 40% 5% at | east 45% by at |east 50%. by at

(90 2k §s°}e odgteopldsicopdysied (R mapitqr dhesqourss of dipppsegr
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| east 85% at l'east 90% | east 95%
djabetey mmeb/r&ct%wag prerdé%@tes,ﬂ@%'d b used in @@sqctsmb'%msy at
diseRs br éo%@%&m @’g %bje@@%ﬁspé&%f ¥ g,%edl iposh tddAUWopRE the

nor e. . Identification
dispasget %Eb‘éltlpﬁ) lproaifer roegormm ieailp O’Ehféﬁsl%oaﬁ*ﬁp & Radisemaryzed
cbyiggt erm ne the concentration of several hundred

net abolites. Anal ytical techniques such as GC- M5 ( %
[ 2 Bna tdigicalsydiardroen argpthe wired hgye bapricarmmdymt (o] teshihether
afitil BBB&RQH&?&?&Y SUTRIS meR& T BRbfbYde, WRI e WitdlatieRs progression

anal yze the netabolites. Miltiple aliquots were
isprndiabaticeratisnts Theselstu¢ieplava shasyn thatguel| therapies ecanarevartt er

d%B&E@cH{sétatF?onq{-l‘@U §YD1Q9£ésrr%ve(1%3 pmgﬂaﬁ (OPbY rn%%hﬁ’ig reduced

derived from each anal ysi s was reconbi ned Ev
theeate o€ prparsssidtetp disbetes be#B8% endbliightilg and excesjserinterventenng eduged

tlﬁ:r}gt'é 3 Br%%ﬁ%ldnct% d la%t!eg 55' %‘% | aggeyonHal%Ecegs%s %ﬁevﬁbﬁl has

hundred chem cal speci’es. e techniques used were

reyisied its g008cfdandaridy OﬁM@él!calé?fﬁde mﬂbhlvetmlw ynclyda thedellowing
sGRIRAY Phe s%tior?&?b}e%dt%ﬁ}qeﬁg e32 Dﬁ%@ééz%ngbﬁmgﬁioa

was anal yzed using severa tat tlca nmet hods to
lbfede'htqotogsem eeifpregn miebe eraidrmedvnihosearfodireret v@bohigh wisk

Z)?@ g’nmﬁ%@% (bt?tgrtsrl)ls cg§r§);% ag%hgdciré %EJSE? HVEJ et EY s of

abronarkers for netabolic syndrome biol ogical sanples
[(ﬁﬁ?@jar %ﬂa&n%c&?”él c811n S’A.é’s h%% Sa%e (ﬁﬂptlua%s &’)ra &R u%‘? (%rP in

patients sPon IR Fesistance i
classes off drtxgsngmh shtha @Ph@tywlaemoﬂnhwhd ednisitiaérk,ean pepett atabﬂas

(e.qg., insulin resistance and control, insulin
resi stance and rem ssion, rem ssion and control).
O her nol ecul es (either knoywn, nanmed netabolites or

unnanmed netabolites) in the definable population or
subpopul ation were also identified. 46 WD 2009/ 014639
PCT/ US2008/ 008756



[ 00153] Random forest anal yses were used for
classification of sanples into groups (e.g. disease or
wheaboe39 i nsul i n resi stant or normal insulin PCT/US2008/008756

sensitivity, atherosclerosis or normal, netabolic
syndrone or obese but not netabolic syndrone). Random
forests give an estimate of how well we can classify
individuals in a new data set into each group, in
contrast to a t-test, which tests whether the unknown

far. t j di ff t t. Rand
B NN
adutdessifdr presanmipg idingeted, whbeasotpes have rekladsedm tdrairaantbunt of

.conmpound Then, each,.observation is cl assif.i ed
RS T gt i pp e Ogls bR R el aivsf 15
g&rﬁ&ﬂigg %m&iﬂdpuﬁmgg asddfined Byrairiest IR mowsf thn"ﬁdcdmﬁbaﬂg

t he ndam For est Re s on
CAADISE PR Blogbesgrs RS an e PeL sty HeS Fiefupregliabetics

sdihky @hnm@d:ei tiﬁe tRhcyadsfeheiietiidbeticahdralRuti¢ EandidaRs more
glonarker npounds that are associated with di sease

“&ﬂ%éﬁ%%‘dYndlcators (e.g. atherosclerosis,
[mtﬁbobbﬁsn&%ﬂﬁg &mfreq%dﬁcyaﬂdqetdaﬁ IcOsd tdRintd téstiOGTEY Ker
ounds use to cIaSS|fy |V|du | s according to
PROG§ Ué%éaﬁﬁlﬁé"n'fﬂéetrla&é|m&f 'ag%r“%'aéf‘é“ At direrthymegsyreg dnsulin
rd3RMEA® in aiffkedd! shipleWRAd &ble @lphy s toNddnB sldafhtify patients
Bi omar ker conpounds that are useful to predict
Wip aE 4Ry ing toyrarddhg @iolagy of peediahstep é“‘bcaf‘H?Y?é?‘B%ré’l'S@f‘%?é‘i“é?h
edfgtabolic syndronme, Rd) and that are positively or
negatively correlated with di sease or neasures of
eas at heroscl erosi s, netaboljc syndrome, Rd)
Ve FEA R fettiontlr P Rad NonebRers (o Iheper i
[(D128Tar Kaé bmﬁﬂﬂ:@ml’tﬁlsvmddleﬂ‘dolaﬂbﬁ dorithe idbgtHateradf\sslgsctyvarvehom
statisti i cant <0.0 . [.001
RS EPSTE B oot BAISH PLfoatBan s g Fartiaiies Vi 7 dlgpeses.
mletépolicsyadromk) z&l@‘drd)@lérc@fs or daftiepeogeiny isefficaeibuc(i@r patient
vari.abl order .tq uncayer. --_or sinply . .
oS Gy Giapeatiol o eamads. e WO s SR BB maRkER g nsufe
re’@ﬁﬁhéésdlﬁ) aNa& s P rabeEsirdt ol thdsubjeet rddyongar tﬁgk&ﬁptﬁsﬁh‘ﬁ)for frdting
enerate a dec sion tree. St tlstlcal gnlflc nce
g o el 37 (e ARseRaient @i IV BAe G (Bt Tore
c&ﬂ;ﬁﬂttioh;ﬁfoh' Weatin@ Gisulg rdditaBEUITSUtH Mgespmuiith @ be wdedcor example,
discern the qualit of a split relative.to a.random
e R on OfiSEET ST AN g Bt Orgn jtion [fyriceriain pubjeisy

[omsq trhes, A6l 9ﬁ>vﬁléd Bfengas oﬂﬁredlﬂﬁ]gttﬁ@ﬁ:sme Gﬁli'ﬁhtiklﬁdo a
p-values %h di scern.the quality lit

t
C?‘Bﬂ’“éttﬁ"{) doriirating adisrang enhrapdition Stuckmsspra |%ﬁte%§ng‘3\5¢eﬂ%
mohibeIit dyfidroMe, AMRgedcicY®is, bragilfon®fopathy A¥mprisied U analydthbbfidm

Statistical analyses were perfornmed with the pr

arsybicch (PAieruBIOLSHECIN BNt YiCREFCRE SIS SRS BGIAPESS: Bpe-2

dﬁb@téb hreRbSIEShdrofe, Adodc RroNMPor@afdichny %&5& and duehild bt €,
NC). 47 WO 2009/014639 PCT/USZ 08/ 008756

Pemﬁﬂy Being tregtedauith a fFMpgsitiop . iplggigi! samplg (or group of samples) to

dét%ﬂﬁé tht ERLIH BT e RinrBbisREKelsHat the QiksrabxeR el FOm Tables 4,
| ucose di sposal 001571 A conbi nati on of bi omarkers

SuiorT e ds 9By a8 1601 21yHets-dsd: #h 2aH 28.4ng 69mPiRgHons thereof,
afkd(2) @Ar\%a?n%’thtehe\tet@) SMCHR @ FloRNNRSAAKEREEhE Sarbple BA) level(s)

Furt her initial panel of biomarkers can be

ohihie PRRRIANGTe Piofmaekesrei @|PERyiANRY -teifen i opaead spmapde fgp the subject,
conprised of 15-30 candidate netabolites. An
algorithmto predict |nsullﬂ3re3|stance was devel oped.
[ 001581 Several studies were conducted to identify

bi omarkers that correlate with glucose disposal. In a
first study, plasnma sanples were collected from 113

| ean, obese or diabetic subjects that had received
treatnment with one of three different

t hi azol i di nedi one drugs (T= troglitazone, R =
rosiglitazone, or P = pioglitazone) (Table 1). Base



sanpl es obtained fromthe subjects prior to treatnent

(S = baseline) served as controls. One to three
WEb@saiedanpl es were obtai ned from each subj eceCT/WB1008/008756

sanples collected at baseline (all subjects; A, and

after 12 weeks (B) or 4 weeks (C) of drug treatnent

(Table 2). G ucose disposal rate was neasured in

every subject by the hyperinsulinemc euglycemc (H)

cl anp foll owi ng each bI ood draw. A total of 198 plasma

n er
SR Featiovg o FRlbelel Aot BskBlele Elbuf: SoigEE" -
bding atatd with the Qorhipdsitdn, (I.bedmed% -for QorkitianSpaRifive Edfesm:eFFelesO)f
15 s G Bprepordik iy (i Prd- g B néarud il IR B dhe e
o€ fibledGdrhakert, | (@Rdiszhset becontlitidy-pilogesskion-positGeCeierehtdMevdts & the
STTot%I A8£é%30 B8008 16 0 A9 0 17 9
oRgor 1Rprg bigmygrksrsy gnd/ofdeN 53087 WIA IR T OIS PO Y UK TEE
1&veR 00tha ofle & rhor8 bibthalkerd e resBlt8ofdRe Eondfdriséh aéﬁnalc@tl\ﬂz dT the
6 Total 65 39 40 54 198 0159] In a second st .
ri?P%f?Frﬁ‘L@%\H?ﬂe@%to\}\%er%’th(‘}F‘ %‘i?é&%‘i”&ﬁ’i‘%ﬁ%’e%tb"ﬁjdésﬁ’s§ Of%%l‘td‘t“’“'
[MﬂB@] trat ammgel(if &y) a0Be RRE(syeN@e bne difiors bidhRedess over tlme
nt. H_cla %quetermnethe%lu 0S dlszpﬁ
n}aé{ 81 5 1veoqf r%sge €0 e\;plagf:épt %%éa@e ffo ofHarggtegize t
c@rb@&fﬁﬁgl\;@ﬁ'tl&fr Giec fﬁ@lﬁ subfeke]the 16€1(§ oFaRton86r MbRYMmarkers in
G ucose Test ?E the gl ucose t oI erance of the

the fjtesamgle, Levaé%P the PROOTAROTRBIORRIkeR i dhssecand sepRlfa@d/or

e ¥ezhits oﬂtﬂpamﬁ&@scﬁa&tthmve@ SRS BiofhikEDs iPthe fikdTRAd £e@§hd
A ucose ToI erance 86 GTI). The cohort |s descr.i bed

sarypjpsmay beregpipared to the FrsPectivedissangor senditignepgyitive ﬂgiéorﬁ&ease-

ofEMdRioFRBERI e Nfé\[&ﬂ:@ [6¥eR oPR¥ oYk 8NmSe®idaARitkerNGT tHe@BRp&isons
155 44.64 8.02 3.09 nal e 148 44.03 8.62 8.38 2,77

'ﬂdm‘@terté?fﬁreée@'@aoféheao@yf gofesbigmarkers geg iperqasingr degrepsigg over
tlﬁ}g@% 17nage :Ze@_ndfsﬁmgie%s 4EmpePB tie Bdt AmpR) fo Brlom&BbR sHilar

to the disease- or condition-positive reference levels (or less similar to the disease- or
condition-negative reference levels), then the results are indicative of the patient not
responding to the therapeutic. If the comparisons indicate that the level(s) of the one or
more biomarkers are increasing or decreasing over time to become more similar to the
disease- or condition-negative reference levels (or less similar to the disease- or
condition-positive reference levels), then the results are indicative of the patient
responding to the therapeutic.

[00131] For example, in order to characterize the patient response to a therapeutic for
insulin resistance, the level(s) of the one or more biomarkers in the first sample, the
level(s) of the one or more biomarkers in the second sample, and/or the results of the
comparison of the levels of the biomarkers in the first and second samples may be
compared to insulin resistance-positive and/or insulin resistance-negative reference levels
of the one or more biomarkers. If the comparisons indicate that the level(s) of the one or
more biomarkers are increasing or decreasing over time (e.g., in the second sample as

compared to the first sample) to become more similar to the insulin resistance-positive
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Abbrevi ations Rd: d ucose di sposal rate NGI: Nor nal
A ucose Tol erant (OGIT, <140 ng/dL or < 7.8 mmol /L)
WO Ei@o/014spai red Fasting d ucose (Fasting pl asnmaPQl/usme$(08756
100- 125 ng/dL or 5.6-6.9 mml /L) [1GI: Inpaired
G ucose Tol erant (OGIT, 140-199 ng/dL or 7.8 - 11.0
mmol /L) [00160] All sanples from both studies were
anal yzed by GC-Ms and LC-Ms to identify and quantify
the small nol ecul es present in the sanples. Over 400

SRR B4 Bra Y BEE B R aEE R e PRI vhy ten
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tdﬁ@ﬂkh{ymﬁﬁrlab|es most useful for Rd nodellng Then,
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3PS 617 8l 9 18N nREREIN 8l th&@sT Bhpleas atbrlthe BltHEOS 6

di’sposal rate (Rd) [00162] Bionarkers were di scovered
tnggtment wiffhe gompasitisn obrrnetishasect.dhasrrodrsgirp lednayrhs ogtained 1,
208, qup% 6fs, BURN1 SIYDHERErE nfoRthd BR&THE M&t ahPid BUREShOhitiation

metabolites in the sanmples and then (2) statistically
ofHedAtPont Nthttheecompesitions t o det ermi ne t hose netabolites
[6(’193] W 8iththé Btﬁérerﬂéth(ﬁis lq¥scRb&BRRin, itk doRfpalidAy| %d@fn the

ubjects and the netabolites that correlate with

ngﬂh@é@g%ieeﬁnﬁwgaq patigataespaipe thalthempattic dgr 4 dissase K condltlon such
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C|aSSI as insulin resistant 4), insulin
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r
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cRuliiansisagwbieq00164] As |isted below in Table 4,

r ker i
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er i ncreases as cose di sposa

combinatzmad all Af the mmiaderscio rTlablISa‘tASoﬁ 4 ﬂoﬁﬁaé’tﬂe%tllﬁaw thel, 22,

e . .
2t et 2 PR 2ol TR Ao AREGE SRS L8Rl HATR8 in methods
of mpmedrarg|pmg$esslsn/kﬁgmwem0hhgmtpeceve(disekseooranuﬁimsintalsu}efect.
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tlpmpfemm fopodistase/er coodmmeﬂmlopm;:ntarm shbiectspfon sxangple the course of
correlation at all. The term"lsobar” as used in the
tabl e indicates the conmpounds that could not be
di sti ngui shed from each oth on the anal ytica
platformused in the analys .e., the conpounds in
an isobar elute at nearly the sane ti me and have
simlar (and sonetines exactly the sane) quant ions,
and thus cannot be distinguished).



[00166] The results of this analysis showed the

i ndi vi dual conpounds that are correlated with Rd in
whoiok/ostesdy | and study 2; these bi omarkers arBCT/US10081008756

in Table 4. For each biomarker the study, conpound

nanme, database identifier, nmedian inportance are

given. The Library ID (LI B ID) indicates the

anal ytical platformthat was used to 50 WD 2009/ 014639

PCT/U82008/008756 neasure t he bi omar ker conpound.
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useful for assaying modulation of such biomarkers in the presence of a test composition
such as, for example, cell culture assays, organ culture assays, and in vivo assays (e.g.,
assays involving animal models). For example, the identification of biomarkers for
insulin resistance also allows for the screeniﬁg of compositions for activity in modulating

biomarkers associated with insulin resistance, which may be useful in treating insulin
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As discussed above, the cells may be contacted with the composition in vitro and/or in
vivo. The predetermined standard levels for the one or more biomarkers may be the
levels of the one or more biomarkers in the one or more cells in the absence of the
composition. The predetermined standard levels for the one or more biomarkers may
also be the level(s) of the one or more biomarkers in control cells not contacted with the
composition.

[00140] In addition, the methods may further comprise analyzing at least a portion of
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identifying a protein (e.g., an enzyme) affecting at least one of the one or more identified
biochemical pathways, the protein being a potential drug target for the disease or
condition. For example, the identification of biomarkers for insulin resistance also allows

for the identification of potential drug targets for insulin resistance. A method for
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non-biomarker compounds). After the biochemical pathways are identified, one or more
proteins affecting at least one of the pathways are identified. Preferably, those proteins
affecting more than one of the pathways are identified.

[00145] A build-up of one metabolite (e.g., a pathway intermediate) may indicate the
presence of a ‘block’ downstream of the metabolite and the block may result in a

low/absent level of a downstream metabolite (e.g. product of a biosynthetic pathway). In
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Ihat are decrease ition state as compare
subjects not having that disease or condition. Such biomarkers could be isolated based
on the identity of the biomarker compound (i.e. compound name). The biomarkers that
are currently unnamed metabolites could be isolated based on the analytical
characterizations for the biomarkers listed in the Examples below (e.g. Table 29). In

some embodiments, the biomarkers that are administered are one or more biomarkers

listed in Tables 4, 5, 6, 7, 8, 9A, 9B, 14, 15, 16, 17, 21, 22, 23, 25, 26, 27, 28, and/or 29
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X. Methods of Using the Biomarkers for Other Diseases or Conditions

[00148] In another aspect, at least some of the biomarkers disclosed herein for a
particular disease or condition may also be biomarkers for other diseases or conditions.
For example, it is believed that at least some of the insulin resistance biomarkers may be

used in the methods described herein for other diseases or conditions (e.g., metabolic
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described herein may also be selected from those biomarkers in Tables 4, 5, 6, 7, 8, 9A,

9B, 14, 15, 16, 17, 21, 22, 23, 25, 26, 27, 28, and/or 29 that are decreased in a metabolic
syndrome-related metabolic disorder (as compared to the control or remission) or that are
decreased in remission (as compared to control or a particular disease or condition) by at
least 5%, by at least 10%, by at least 15%, by at least 20%, by at least 25%, by at least
30%, by at least 35%, by at least 40%, by at least 45%, by at least 50%, by at least 55%,
by at least 60%, by at least 65%, by at least 70%, by at least 75%, by at least 80%, by at
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redblss®dn from insulin resistance) useful for distinguishing between the definable
populations (e.g., insulin resistance and control, insulin resistance and remission,
remission and control). Other molecules (either known, named metabolites or unnamed

metabolites) in the definable population or subpopulation were also identified.
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[00156] Statistical analyses were performed with the program “R” available on the
worldwide web at the website cran.r-project.org and in JMP 6.0.2 (SAS® Institute, Cary,
NC).
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euglycemlc 2HI) clamp following each blood draw. A total of 198 plasma samples were

collected for analysis.

Table 1. Gender and treatments of the study 1 cohort

Table 2. Treatment and collection time of the study 1 cohort.

GROUP | TIME P R | S [ T T Totl
B A 8 0 13 9 30
- B 8 0 0 8 16
o) A 9 0 17 9 35
B 9 0 0 9 18
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identify and quantify the small molecules present in the samples. Over 400 compounds

O"O TT>yCE>mNNU
AN samG‘es from olt'l'? stllj\éies were analyzed by GC-MS and LC-MS to

were detected in the samples.
[00161] Statistical analyses was performed to determine the compounds that are useful
as biomarkers. Linear regression was used to correlate the baseline levels of individual
compounds with the glucose disposal rate (Rd) as measured by the euglycemic
hyperinsulinemic clamp for each individual. This analysis was followed by Random
Forest analysis to identify variables most useful for Rd modeling. Then, LASSO

regression analysis was performed on the cross-validated variables from the Random
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[60163D dl@le (pbisr@@ swlwsgbfoggle@galms were from the cohorts described in

Tables 1, 2 and 3; the subjects had various rates of glucose disposal (Rd). Based on the

O

Rd value subjects were classified as insulin resistant (Rd< 4), insulin impaired (4< Rd
<7.5) or insulin sensitive (Rd>7.5). After the levels of metabolites were determined, the
data was analyzed using Univariate Correlation/Linear Regression.

[00164] As listed below in Table 4, biomarkers were discovered that were correlated
with the glucose disposal rate (Rd), an indicator of insulin sensitivity.

[00165] Table 4 includes, for each listed biomarker, the p-value determined in the
statistical analysis of the data concerning the biomarkers, and the correlation (Corr) with
Rd. A positive correlation indicates that the level of the biomarker increases as the
glucose disposal rate increases. A negative correlation indicates that the level of the
biomarker decreases as the glucose disposal rate increases. The range of possible
correlations is between negative (-)1.0 and positive (+)1.0. A result of negative (-)1.0
means a perfect negative correlation, a positive (+)1.0 means a perfect positive
correlation, and 0 means no correlation at all. The term “Isobar” as used in the table
indicates the compounds that could not be distinguished from each other on the analytical
platform used in the analysis (i.e., the compounds in an isobar elute at nearly the same
time and have similar (and sometimes exactly the same) quant ions, and thus cannot be
distinguished). .

[00166] The results of this analysis showed the individual compounds that are
correlated with Rd in both study 1 and study 2; these biomarkers are listed in Table 4.
For each biomarker the study, compound name, database identifier, median importance

are given. The Library ID (LIB_ID) indicates the analytical platform that was used to
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Table 4. Biomarker correlation with Rd

Study [ Comp | Compound Name Lib RF_ Correlation R- P-value
1D 1D Rank square
2 21044 | 2-hydroxybutyrate (AHB) 50 1 -4.47E-01 0.200 1.21E-14
1 20488 | glucose 50 1 3.69E-01 0.136 1.21E-14
1 587 | gluconate 50 2 -6.11E-01 0.373 8.73E-13
1 1336 | palmitate (16:0) 201 5 -5.95E-01 0.355 4.37E-12
1 33416 | Metabolite - 12064 201 9 -5.94E-01 0.353 5.09E-12
1 20675 | 1,5-anhydroglucitol (1,5-AG) | 201 13 5.93E-01 0.352 5.62E-12
1 12751 | glutamate-2 50 3 -5.82E-01 0.339 1.66E-11
1 1121 | margarate (17:0) 50 4 -5.52E-01 0.304 2.88E-10
1 584 | mannose 50 6 -5.50E-01 0.303 3.28E-10
1 31535 | Bradykinin, hydroxyproline 61 6 1.22E-08 0.295 7.09E-10
form _
1 21044 | 2-hydroxybutyrate (AHB) 50 14 -5.40E-01 0.292 7.75E-10
1 27719 | galactonic acid 50 1 -5.40E-01 0.291 8.28E-10
1 16235 | Isobar.19 (1,5-AG etc) 61 31 1.96E-08 0.287 1.43E-09
1 33388 | Metabolite - 12037 201 19 -5.32E-01 0.283 1.58E-09
2 1359 | oleate (18:1(n-9)) 201 3 -3.54E-01 0.125 2.15E-09
1 1358 | stearate (18:0) 201 15 -5.22E-01 0273 3.57E-09
1 27392 | dipalmitin 50 8 -5.18E-01 0.268 4.97E-09
1 32569 | Metabolite - 11252 200 56 -5.10E-01 0.260 9.09E-09
1 33232 | Metabolite - 11887 201 41 -5.03E-01 0.253 1.60E-08
1 21047 | 3-methyl-2-oxobutyrate 201 42 -5.03E-01 0.253 1.64E-08
1 10737 | Isobar.1 (mannose, glucose 61 36 1.72E-07 0.254 1.75E-08
etc)
1 22570 | Metabolite - 9033 50 62 -4 98E-01 0.248 2.24E-08
1 32566 | Metabolite - 11249 200 70 -4 95E-01 0.245 2.82E-08
1 18369 | gamma-glutamylleucine 200 12 -4.95E-01 0.245 2.95E-08
1 25602 | Metabolite - 10432 50 39 -4 91E-01 0.241 3.79E-08
1 27722 | erythrose 50 43 -4.91E-01 0.241 3.84E-08
1 32630 | oleate (18:1(n-9)) 201 54 -4.86E-01 0.236 5.47E-08
1 27888 | Metabolite - 10609 50 10 -4.85E-01 0.235 5.87E-08
1 24077 | Metabolite - 9727 50 22 -4.85E-01 0.235 6.15E-08
1 32696 | Metabolite - 11379 201 37 -4.84E-01 0.234 6.50E-08
1 12666 | Threonine 50 9 4.82E-07 0.235 7.02E-08
1 32551 | Metabolite - 11234 201 34 -4 83E-01 0.233 7.11E-08
1 30288 | Metabolite - 10750 50 25 -4.82E-01 0.232 7.39E-08
1 33413 | Metabolite - 12061 201 16 -4.80E-01 0.231 8.27E-08

51



SNNN3d33 3 3 CXNo o aEEoOE EECcE
C7lavON '"xalz. Uvcec7rj?vacC77777CC
WO 203014689 D 9 OT UO VO X ¢ X X ¢ X X ¢ c CoPCT/US20A3/a8756
ccoooUooEO CLCvV'" .~"voabo aEn.
cVi vvVXEOI S: 2 T po2Ev'o aQmN(
N>NNaNNQQUaQ aj Q 3LI >Cd(~47CO
Cz. UO. 0. ac3x>0Z0. [LOLO5aG53E o
C7C9QoE5nE LZ ajCa~th LONEOCN
C. "\ a Qoo 0O O 7 1 0O O \ALRNA L o ~ o)
T ,ﬁoy'i?cme S8 o o T etV b T e ds
Y 2912 mitdylglycerol - 9 O ¥ 40Y:[T 60 “{ “a'BeE01 | 05579 32347
G D O. mNoalnﬁt)NONR[.[.. C6. Li Li|Ly LL|[Z.0.
G . D323g3 |.glutamylvali@ C G C C| GG C1C 434E-@ 30225 B 31.36EQ7
T 1982 Netapolite- 6446 00 00 %0 0300 08740 (0%%25C| 0018697
Qb _pt$! Megabetite - P ccol el , H7¥EQ) L0223 ¢ 1445-07
n32515 [valiney 1 2 0 0l 204 A EHAA2EQ | 0223, | 0y 145E-07
.1 | 5628 | Metabolife; 10B6~  ~ ~ I 6L | ~2 ~R AT2E-06 | 0.221" | ~Z1.95E-07
ST T 37047 Métabotte 11387~ < < 1 200 [“Hs-}” -¥68EX1. *[* 0219, T 1.99E-07
7| 32573 [Methbolitd -'H25d & I Poep |9y T P e6E-d1’ YD 21'?' t12.95€E-07
1 5010 dermélélah\Endd}éna(e N Voo O 65 7 Na BkegT Wbt [Clo318d7
OO NO7/ieaosrMy NA OIDIOIOOODONON® O~{MM
1 17627 | Metabolite - 4986 50 24 -4.61E-01 0.213 3.05E-07
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1 32575 | Metabolite - 11258 200 | 241 -4.47E-01 0.200 7.75E-07
1 32970 | Metabolite - 11653 201 51 -4.45E-01 0.198 8.81E-07
1 16512 | Metabolite- 4275 50 54 3.95E-06 0.2 8.91E-07
1 12757 | Metabolite - 3078 50 52 4.44E-01 0.197 9.64E-07
1 | 27718 | creatine 200 27 -4.41E-01 0.194 1.16E-06
1 30832 | Metabolite - 10814 50 47 -4.40E-01 0.193 1.23E-06
1 30290 | Metabolite - 10752 50 121 -4.38E-01 0.192 1.36E-06
1 32703 | Metabolite - 11386 200 94 -4.37E-01 0.191 1.47E-06
1 577 | fructose 50 93 -4.36E-01 0.190 1.53E-06
1 22116 | 4-methyl-2-oxopentanoate 201 74 -4.35E-01 0.189 1.65E-06
1 33172 | Metabolite - 11827 201 61 4.35E-01 0.189 1.67E-06
1 22600 | Metabolite - 9043 50 90 -4.31E-01 0.186 2.05E-06
1 1125 | isoleucine 200 137 -4.31E-01 0.185 2.14E-06
1 19490 | Metabolite - 6488 50 32 -4.28E-01 0.183 2.46E-06
1 16518 | Metabolite - 4276 50 18 -4.26E-01 0.182 2.78E-06
1 15122 | glycerol 50 45 -4.25E-01 0.181 2.93E-06
1 12782 | Metabolite - 3100 50 17 -4.23E-01 0.179 3.39E-06
1 33242 | Metabolite - 11897 201 77 -4.21E-01 0.177 3.75E-06
1 17330 | Metabolite - 4769 50 35 4.21E-01 0.177 3.86E-06
1 32672 | Metabolite - 02546_200 200 67 4.14E-01 0.171 5.69E-06
1 33237 | Metabolite - 11892 201 124 -4.12E-01 0.170 6.48E-06
1 32673 [ linoleate (18:2(n-6)) 201 28 -4.07E-01 0.166 8.49E-06
1 32545 | Metabolite - 11228 201 64 -4.03E-01 0.163 1.05E-05
1 32751 | Metabolite - 11434 201 63 -4.03E-01 0.162 1.06E-05
1 22895 | Metabolite - 9299 50 72 -3.99E-01 0.159 1.34E-05
2 | 33488 | 5-alpha-Cholest-7-en-3- 50 11 -2.61E-01 0.068 1.40E-05
beta-ol
1 32517 | Metabolite - 11203 200 82 3.98E-01 0.158 1.42E-05
1 33415 | Metabolite - 12063 201 44 -3.97E-01 0.158 1.46E-05
1 32682 | Metabolite - 11365 201 29 -3.94E-01 0.155 1.72E-05
2 | 32761 | Metabolite - 11444 201 12 -2.58E-01 0.067 1.77E-05
2 | 32338 | glycine 50 13 2.58E-01 0.066 1.83E-05
1 32749 | Metabolite - 11432 201 107 -3.91E-01 0.153 2.04E-05
1 1110 | arachidonate (20:4(n-6)) 50 49 -3.90E-01 0.152 2.12E-05
1 33138 | Metabolite - 11793 200 96 -3.88E-01 0.150 2.39E-05
2 | 33447 | palmitoleate (16:1(n-7)) 201 15 -2.53E-01 0.064 2.59E-05
1 32504 | n-3 DPA (22:5(n-3)) 201 31 -3.83E-01 0.147 3.05E-05
1 18868 | Metabolite - 5847 50 80 -3.80E-01 0.144 3.56E-05
1 | 27738 | threonate 50 53 3.75E-01 0.141 4.62E-05
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1 19487 | Metabolite - 6486 50 78 -2.69E-01 0.072 4 18E-03
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T~ T 32855 [tMetdboite - 135388 © 7 [1%oy [T <i6 2.17E-01 0.047 2.13E-02
1 32197 | 3-(4-hydroxyphenyl)lactate 201 190 -2.14E-01 0.046 2.38E-02
2 2132 | citrulline 200 58 1.37E-01 0.019 2.41E-02
1 21049 | 1,6-anhydroglucose 50 136 2.13E-01 0.045 2.43E-02
1 33362 | gamma- 200 173 -2.12E-01 0.045 2.49E-02
glutamylphenylalanine
1 32452 | propionylcarnitine 200 252 -2.12E-01 0.045 2.51E-02
1 32656 | Metabolite - 11339 201 142 2.11E-01 0.045 2.55E-02
2 1365 | myristate (14:0) 201 59 -1.36E-01 0.018 2.59E-02
1 25532 | Metabolite - 10413 50 226 -2.10E-01 0.044 2.63E-02
2 3141 | betaine 200 60 1.35E-01 0.018 2.64E-02
1 32648 | Metabolite - 11331 201 132 2.10E-01 0.044 2.66E-02
1 25548 | Metabolite - 10419 50 128 2.08E-01 0.043 2.76E-02
1 32748 | Metabolite - 11431 201 178 -2.08E-01 0.043 2.79E-02
1 33135 | Metabolite - 11790 200 138 -2.07E-01 0.043 2.84E-02
1 31518 | Metabolite - 10933 50 152 -2.07E-01 0.043 2.85E-02
1 19478 | Metabolite - 6467 50 118 -2.06E-01 0.042 2.95E-02
2 33226 | Metabolite - 11881 201 65 1.32E-01 0.018 2.97E-02
1 32561 | Metabolite - 11244 201 243 -2.05E-01 0.042 2.98E-02
1 11438 | phosphate 50 273 -2.05E-01 0.042 3.02E-02
2 1572 | glycerate 50 66 1.31E-01 0.017 3.10E-02
2 33477 | erythronate- 50 67 1.31E-01 0.017 3.13E-02
1 12781 | Metabolite - 3099 50 141 -2.03E-01 0.041 3.18E-02
1 32732 | Metabolite - 11415 201 155 2.03E-01 0.041 3.22E-02
1 1299 | tyrosine 200 147 -2.02E-01 0.041 3.31E-02
2 27256 | Metabolite - 10500 50 69 -1.29E-01 0.017 3.37E-02
1 32346 | glycochenodeoxycholate 201 202 -2.00E-01 0.040 3.45E-02
1 27710 | N-acetylglycine 50 126 2.00E-01 0.040 3.47E-02
1 22842 | cholate 201 165 -1.99E-01 0.040 3.56E-02
1 31373 | Metabolite - 10878 50 274 1.98E-01 0.039 3.59E-02
2 16511 | Metabolite - 4274 50 72 1.27E-01 0.016 3.71E-02
2 15996 | aspartate 50 73 1.27E-01 0.016 3.72E-02
1 33228 | Metabolite - 11883 200 332 1.97E-01 0.039 3.72E-02
1 18929 | Metabolite - 5907 50 172 -1.96E-01 0.039 3.80E-02
2 569 | caffeine 200 74 -1.26E-01 0.016 3.87E-02
2 32971 | Metabolite - 11654 200 76 -1.25E-01 0.016 3.98E-02
1 32795 | Metabolite - 11478 201 189 -1.94E-01 0.038 4.00E-02
1 32868 | glycocholate 201 225 -1.93E-01 0.037 4.12E-02
2 18335 | quinate 50 78 1.24E-01 0.015 4.24E-02
1 32587 | Metabolite - 02249_201 201 89 -1.91E-01 0.036 4.38E-02
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(DHA)22-6-n-3-
2 | 32760 | Metabolite - 11443 201 91 -1.16E-01 0.013 5.68E-02
2 | 18392 | theobromine 200 | 92 1.16E-01 0.013 5.73E-02
1 | 32514 | Metabolite - 11200 200 | 201 1.79E-01 0.032 5 88E-02
2 | 16634 | Metabolite - 4357 50 9% -1.13E-01 0.013 6.37E-02
1| 32518 | Metabolite - 11204 200 | 396 | -1.75E-01 0.031 6.46E-02
1| 33081 | Metabolite - 11736 200 | 276 | -1.75E-01 0.031 6.47E-02
1| 32850 | Metabolite - 11533 201 | 217 | -1.73E-01 0.030 6.82E-02
1| 32671 | Metabolite - 11354 200 | 139 1.73E-01 0.030 6.86E-02
2 | 32786 | Metabolite - 11469 200 | 98 1.11E-01 0.012 6.92E-02
2 | 25522 | Metabolite - 10407 50 99 -1.10E-01 0.012 7.11E-02
2 | 1649 | valine 200 | 100 | -1.10E-01 0.012 7.21E-02
1 | 32684 | Metabolite - 11367 201 | 224 | -1.70E-01 0.029 7.23E-02
1 553 | cotinine 200 | 266 1.70E-01 0.029 7.24E-02
1 | 33389 | Metabolite - 12038 201 | 214 | -1.70E-01 0.029 7.24E-02
1 1563 | chenodeoxycholate 201 370 -1.70E-01 0.029 7.39E-02
2 | 22481 | Metabolite - 8988 50 | 102 1.09E-01 0.012 7.48E-02
1| 12593 | Metabolite - 2973 50 149 1.67E-01 0.028 7.76E-02
1 | 32793 | Metabolite - 11476 200 | 383 | -1.67E-01 0.028 7.80E-02
1 | 32564 | Metabolite - 11247 201 | 249 1.67E-01 0.028 7.84E-02
2 1508 | pantothenate 200 104 -1.07E-01 0.012 7.84E-02
2 | 16829 | Metabolite - 4503 50 | 105 1.07E-01 0.011 7.99E-02
1| 32652 | Metabolite - 11335 200 | 388 1.66E-01 0.028 8.03E-02
1 15365 | glycerol 3-phosphate (G3P) 50 348 -1.65E-01 0.027 8.15E-02
2 | 32875 | Metabolite - 11558 200 | 107 | -1.06E-01 0.011 8.29E-02
2 | 15506 | choline 200 | 108 1.06E-01 0.011 8.32E-02
2 [ 32492 | caprylate-8-0- 201 | 109 1.05E-01 0.011 8.51E-02
1| 16287 | Metabolite - 2800 50 | 209 [ -1.63E-01 0.027 8.51E-02
1 1114 | deoxycholate 201 106 -1.63E-01 0.027 8.63E-02
2 | 32619 | Metabolite - 11302 201 | 110 1.05E-01 0.011 8.64E-02
1| 27275 | Metabolite - 10507 50 | 182 1.62E-01 0.026 8.74E-02
1| 32718 | Metabolite - 01342_200 200 | 167 | -1.61E-01 0.026 8.94E-02
2 | 33403 | Metabolite - 12051 200 | 112 | -1.03E-01 0.011 8.96E-02
1| 32769 | Metabolite - 11452 201 | 278 | -1.59E-01 0.025 9.31E-02
2 | 32756 [ Metabolite - 02276_201 201 | 116 1.01E-01 0.010 9.72E-02
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scores;

[00169] Next, four variables at a time were deléted starting from the lowest ranked
variables, then the random forest was run with the remaining variables on the training set
to predict the remaining 20% of the data (i.e., test set). The error and R-square for each
was recorded.

[00170] For each variable, the mean/median importance score and rank across all run
was calculated.

[00171] Variable selection is more or less stable for the approximately first 30-60

variables.

2D: Estimate of the number of metabolites considered significant for Rd correlation
[00172] The mean R-square values remain constantly high and the corresponding

errors remain consistently low as the number of metabolites reaches approximately 30 or
more (Figures 1 and 2), suggesting that a total of approximately 30 metabolites may be
sufficient for construction of an algorithm to correlate with Rd, although it may also be
possible to construct an algorithm to correlate with Rd based on a combination of less
than seven metabolites. As a result, only the top 30 to 50 cross-validated compounds
were selected for regression analyses.

[00173] Based on random forest variable selection procedures, the biomarker
compounds that are considered reliably significant for construction of an algorithm for
Rd correlation were identified. The RF score for each of the biomarker compounds is

listed in the column headed “RF_Rank” in Table 4.
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most appropriate transformation of the cross-validated variables was also considered for
the LASSO regression.

[00176] LASSO regression analysis based upon the cohort in study 1 provided one of
the best models of Rd regression with three to nine variables and cross-validated r-square
values for the correlation. The best r-square value approaches 0.68 with seven to eight
metabolites using the non-transformed data (Table 5) and approaches 0.69-0.70 with the

same number of metabolites with appropriate transformation of each variable (Table 6).

Table 5. LASSO regression with non-transformed data.

Number of Variables 3 4 5 6 7 8 9
LASSO Maximum R-square 0.355 | 0.422 | 0.600 | 0.643 | 0.670 | 0.720 | 0.779
Cross-Validated R-square 0.586 | 0.600 | 0.653 | 0.651 | 0.681 | 0.687 | 0.665
1,5-Anhydro-D-glucitol v v v v v v v
Bradykinin-hydroxyproline v v v V V v v
Palmitate v v v v v J J

etabolite-9727 v v V V \
Glu-Val \l v J v
[Threonine v V V V
Dihydroimidazole-4-acetate v V
Mannose
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Table 6. LASSO regression with transformed data.

INumber of Variables 3 4 5 6 7 8 9
[.ASSO Maximum R-square 0.355 | 0.422 | 0.600 | 0.643 | 0.670 | 0.720 } 0.779
Cross-Validated R-square 0.592 | 0.603 | 0.662 | 0.657 | 0.692 | 0.702 | 0.684
1,5-Anhydro-D-glucitol Y N ) ) v v V
Bradykinin-hydroxyproline J N N N N N J
form

Log(Palmitate) v N v v v v N
Log(Metabolite-9727) v v v v v
Glu-Val v J v v v
[Threonine v V v \
;J:egtglii)hydroimidazole-4- N J N
[.og(Mannose) N
Log(2-Hydroxybutyrate) V

Isobar-56** y
Serine v

Note: ** [sobar 56 includes DL-pipecolic acid and 1-amino-I-cyclopentanecarboxylic

[00177] The R-square for the correlation of Rd with 7-8 metabolites approaches 0.70
with cross-validation in an independent cohort.

[00178] LASSO analysis based on the cohort in study 1 provided the best models of
Rd regression with 3-9 variables with cross-validated r-square values for the correlation
of another set approaching 0.68 with 7-8 metabolites using the non-transformed data as

shown in Table 7.

Table 7. LASSO regression with non-transformed data.

Number of Variables 3 4 5 6 7 8 9
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2G: Models predictive of insulin resistance.
[00179] Instudy 2, compounds identified as important in building models to predict

Rd by Random Forest and Lasso Regression are listed in Table 4. The cross-validated
compounds were then selected for regression analysis along with clinical measurements
(e.g. fasting insulin, fasting pro-insulin, fasting free fatty acids (FFA), fasting C-peptide,
HDL cholesterol, LDL cholesterol, fasting plasma glucose, adiponectin, BMI, PYY, etc.)
Each regression method and the Univariate Correlation/Linear Regression method model
was then used to predict Rd for each individual, which was in turn used to classify
individuals according to the level of glucose utilization as normal, insulin impaired, or
insulin resistant. Samples from ninety percent of the subjects were used to build the
model and samples from the remaining ten percent of the subjects were used to test the
predictive power of the model. Biomarker compounds that are useful to predict Rd and
that are positively or negatively correlated with Rd were identified in these analyses.
These markers are useful to predict insulin resistance. All of the biomarker compounds
are statistically significant (p<0.05) in each of the regression models.

[00180] The models generated using this analytical approach are summarized in Table
8. The sensitivity, specificity and predictive power (positive, PPV and negative, NPV) of
the models are shown in Table 8. The sensitivity of the models ranges from about 54% to
about 63% and the specificity ranges from about 63% to greater than 95%. The PPV
range is from about 78% to about 94% and the NPV from greater than about 79% to
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bi omarkers. Table 9A. Correl ated Bi omarkers in Study

1. Pairwise Correlation N Correl ati on P-val ue R square

1, 5-anhydroglucitol-1,5 (AG *Metabolite-11234 112

-0.5242 2.99E-09 0.2748 1,5-anhydroglucitol-1,5 (AG

*Met abol ite-11249 112 -0.5041 1.46E-08 0. 2541

1, 5- anhydroglucitol -1,5 (AG *Metabolite-11252 112

gf"d%é%‘fﬂxg?“gggog 0.2615 1,5-anhydroglucitol-1,5 (AQ

*Met abolite- 12061 112 -0.5521 2. 78E-10 0.3049

1, 5-anhydroglucitol-1,5 (AG *Meta bolite-12064 112

-0.5046 1.40E-08 0.2546 2-hydroxybutyrate

(AHB) *1, 5- anhydroglucitol -1,5 (AG 112 -0.5413

7.19E-10 0.2930 2-hydroxybutyrate

(AHB) *2- am nobutyrate 112 0. 7651 <0.000 0.5854

2- hydr oxybutyrate (AHB)*3-hydroxybutyrate (BHBA) 112

0.6517 7.11 E-15 0.4247 2-hydroxybutyrate

(AHB) * 3- et hyl - 2- oxobutyrate 112 0. 6750 2. 22E- 16

0. 4557 2-hydroxybutyrate (AHB)*3-nethyl-2-oxoval erate

112 0.5970 3. 71E-12 0.3565 2-hydroxybutyrate

(AHB) *4- et hyl - 2- oxopent anoate 112 0. 6599 2. 44E- 15

0. 4355 2-hydroxybutyrate (AHB)*creatine 112 0.5123

7.75E-09 0.2624 2-hydroxybutyrate (AHB)*erythrose 112

0.5156 5. 96E-09 0.2659 2-hydroxybutyrate

(AHB) *gal actonic acid 112 0.7137 <0.000 0.5094

2- hydr oxybutyrate (AHB)*gl uconate 112 0.5427 6. 35E-10

0. 2945 2-hydroxybutyrate (AH B)*gondoat e-20-1 -n-9-

112 0.5765 2.91E-11 0. 3323 2-hydroxybutyrate

(AHB) *i sol euci ne 112 0.6025 2. 09E-12 0. 3630

2- hydroxybutyrate (AHB)*l eucine 112 0.6472 1.27E-14

0.4188 2-hydroxybutyrate (AHB)*mannose 112 0. 7043

'<0.000 0.4960 2-hydroxybutyrate (AHB)*nargarate

(17:0) 112 0.5270 2.38E-09 0.2777 2-hydroxybutyrate

(AHB) *pal mtate (16:0) 112 0.5191 4.54E-09 0. 2694

2- hydr oxybutyrate (AHB)*stearate (18:0) 112 0.5888

8.57E-12 0.3467 2-hydroxybutyrate (AHB)*undine 112

0.5282 2. 15E-09 0.2790 2-hydroxybutyrate

(AHB) *val i ne* 112 0.6705 6. 66E-16 0.4496

2- hydr oxybutyrate ( AHB)*Met abolite-10432 112 0. 6826

2.22E-16 0.4660 2-hydroxybutyrate

(AHB) * Met abol it e- 10752 112 0.5221 3.55E-09 0.2726

2- hydr oxybutyrate (AHB)*Metabolite-11228 112 0.5810

1.87E-11 0.3376 2-hydroxybutyrate

( AHB) * Met abol i te-11887 112 0.5314 1.66E-09 0.2824

2- hydroxybutyrate (AHB)*Metabolite-11897 112 0. 5037

1.51E-08 0.2537 2-hydroxybutyrate

( AHB) * Met abol i te- 12037 112 0.5768 2.82E-11 0. 3327

2- hydr oxybutyrate ( AHB)*Met abolite-12061 112 0. 5053

1. 33E-08 0.2553 68 WO 2009/ 014639 PCT/ US2008/ 008756

2- hydroxybutyrate (AHB)' Metabolite-12064 112 0. 8857

<0.000 0.7844 2-hydroxybutyrate (AHB)*glutamate 112
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2I: Predicting and Monitoring Insulin Resistance:

[00182]

The biomarker panel and algorithm will measure insulin resistance (IR) which

is a root cause of type 2 diabetes. The results will be presented as an “IR Score™” which
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2J: Biomarkers that correlate with glucose tolerance tests

[00184] Another study will be carried out to test the biomarkers discovered in the
instant invention with a new cohort and to discover additional biochemical biomarkers
that correlate with insulin sensitivity (IS) and insulin resistance (IR) as measured by the
hyperinsulinemic euglycemic (HI) clamp (Table 11). Using the following study design,
baseline fasting EDTA-plasma samples collected from NGT, IGT, IFG IGT/IFG and

diabetic subjects (total = 250) will be analyzed.
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between the two populations (i.e., Metabolic syndrome vs. Healthy controls).
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Biomarkers:
[00188] As listed below in Tables 12 and 13, biomarkers were discovered that were

differentially present between samples from subjects with Metabolic Syndrome and
Control (healthy) subjects.

[00189] Tables 12 and 13 include, for each listed biomarker, the p-value and g-value
determined in the statistical analysis of the data concerning the biomarkers and an

indication of the mean level in metabolic syndrome, the mean level in the control, and the
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[00190] Random forests were generated for plasma and serum biomarkers. The
models for the serum biomarkers correctly classified 81.5% of the subjects as either being
healthy or having metabolic syndrome; 83% of the healthy subjects were classified
correctly and 77% of the subjects having metabolic syndrome were correctly classified.
For the models based on the biomarkers from plasma, the 89% of the subjects were
correctly classified as either being healthy or having metabolic syndrome; 100% of the

healthy subjects were correctly classified and 77% of the metabolic syndrome subjects
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between the two populatlons (i.e., LDb vs. C57BL/6) Classification analysis was carried
out using recursive partitioning and random forest analyses to uncover the biomarkers
that can best differentiate the 2 groups of mice. Recursive partitioning relates a
'dependent’ variable (Y) to a collection of independent ('predictor’) variables (X) in order
to uncover -- or simply understand -- the elusive relationship, Y=f(X). It was performed
with the JMP program (SAS) to generate a decision tree. The statistical significance of
the "split" of the data can be placed on a more quantitative footing by computing p-
values, which discern the quality of a split relative to a random event. The significance
level of each “split” of data into the nodes or branches of the tree was computed as p-
values, which discern the quality of the split relative to a random event. It was given as
LogWorth, which is the negative log10 of a raw p-value. Statistical analyses were
performed with the program “R” available on the worldwide web at the website cran.r-
project.org.

[00194] Random forests give an estimate of how well individuals can be classified in a
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chemical database. Library indicates the chemical library that was used to identify the
compounds. The number 50 refer to the GC library and the number 61 refers to the LC
library.

Table 14. Metabolite biomarkers of Atherosclerosis in plasma.

COMP_ID | COMPOUND LIB_ID | p-value | g-value %inc:?).:)ge
21415 | Metabolite - 8209 50 425E-07 | 2.40E-06 | 497%
21012 | Metabolite - 7889 50 I.12E-22 | 6.95E21 | 494%
21011 | Metabolite - 7888 50 8.87E-24 | 825E22 | 482%
25649 | Metabolite - 10450 50 4.17E-15 | 7.76E-14 | 442%
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11544 | Metabolite - 2766 61 0.0013 0.0016 -47%
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7650 | Metabolite - 1834 61 2.06E-07 4.83E-06 -55%
27738 | threonic acid 50 1.00E-04 3.00E-04 -55%
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i Possibly Cl-adduct of Formate dimmer
2) 1sobar-19 includes 1,5-anhydro-D-glucitol, 2'-deoxy-D-galactose, 2'-deoxy-D-glucose, L-fucose, L-
rhamnose
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[00198] Metabolite — 1834 did not segregate LDb and C57BL/6 groups in 2-month-old
mice, but started to segregate the 5-month-olds and segregated 8-month-old mice
perfectly (Figure 17).- This metabolite is one of the biomarkers for atherosclerosis
progression.

[00199]  Several metabolites (p-cresol-sulfate, Metabolite - 4887, Metabolite - 5386)
classified subjects as LDb or C57BL/6 very well in 2-month-old mice, but the power of
differentiation diminished as the mice aged, with no segregation in 8-month-old mice

(Figures 18 and 19). These metabolites are biomarkers for atherosclerosis initiation.
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cresol sulfate, mannose, glucose, and gluconate showed the same alterations in human

T Ieocococoou

plasma from disease vs. healthy subjects as seen in the mouse model. Thus, these
compounds were identified as important biomarkers useful to distinguish individuals

with atherosclerosis from healthy subjects.

3C: Biomarkers of cardiomyopathy
[00202] Biomarkers were discovered by (1) analyzing cardiac tissue samples (Table
21) or plasma samples (Table 22) from different groups of mouse subjects to determine
the levels of metabolites in the samples and then (2) statistically analyzing the results to
determine those metabolites that were differentially present in the two groups. These
subjects provide an animal (mouse) model for human DCM.

[00203] Two groups of subjects were used. One group consisted of eight subjects
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from dilated cardiomyopathy subjects and healthy subjects.
[00206] Tables 21 and 22 include, for each listed biomarker, the p-value and g-value
determined in the statistical analysis of the data concerning the biomarkers and an
indication of the percentage difference in the dilated cardiomyopathy mean level as
compared to the healthy mean level in cardiac tissue (Table 21) or plasma (Table 22).
The term “Isobar” as used in the tables indicates the compounds that could not be
distinguished from each other on the analytical platform used in the analysis (i.e., the
compounds in an isobar elute at nearly the same time and have similar (and sometimes
exactly the same) quant ions, and thus cannot be distinguished). Comp_ID refers to the
compound identification number used as a primary key for that compound in the in-house

chemical database. Library indicates the chemical library that was used to identify the
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Table 22. Metabblite biomarkers of dilated cardiomyopathy (DCM) in plasma.

COMP_ COMPOUND LIB_ | p-value q-value % TG/NTG
ID ID Change
in DCM
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20161 | Metabolite - 7088 61 0.0008 0.0895 239% 3.39
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[00208] To evaluate the biomarkers discovered in the mouse model of DCM, analysis
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of human subjects was performed. Biomarkers were discovered by (1) analyzing plasma
samples from different groups of human subjects to determine the levels of metabolites in
the samples and then (2) statistically analyzing the results to determine those metabolites
that were differentially present in the two groups.

[00209] Two groups of subjects were used. One group consisted of 39 subjects (18
male, 21 female) with dilated cardiomyopathy (DCM). The second group consisted of 31
healthy control subjects (14 male, 17 male). Subjects were balanced for age and gender;
mean age of control females was 50.1 +/-10.1 and DCM females was 50.0 +/-11.3 while

the mean age of control males was 42.7 +/-11.3 and DCM males was 45.8 +/-10.9.
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Table 23. Biomarkers for DCM
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[00216]) The biomarkers that are most important to correctly classify subjects are

shown in Table 25 and the Importance plot is shown in Figure #.
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[00218]
(BMI<25) and 40 obese subjects (BMI>30) that had been matched for age and gender.
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The plasma samples used for the analysis were from 40 lean subjects

After the levels of metabolites were determined, the data was analyzed using univariate
T-tests (i.e., Welch’s T-test).

[00219]
between the two populations (i.e., Obese vs. Lean).

T-tests were used to determine differences in the mean levels of metabolites
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with clinical measures of metabolic syndrome (e.g. BMI, Rd). The plasma samples used
for the analysis were from subjects with various rates of glucose disposal (Rd).

[00223]

iterations of regression analysis of glucose utilization rate (i.e. Rd) in combination with

Algorithms for determining insulin sensitivity were developed by multiple
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[00225]  Another model was developed to predict insulin sensitivity (i.e. Rd) using
plasma éamples collected from a cohort with varying levels of insulin sensitivity and
BMI less than 27.9. For this model the training group included half of the plasma
samples and was balanced for insulin sensitivity (Rd). The model was then tested using a
test group that included the other half of the plasma samples and was also balanced for
Rd. The results of this analysis showed that the best model for predicting insulin
sensitivity includes the biomarker metabolites: glucose, metabolite-2546, metabolite-
2853, metabolite-2370 and metabolite-2386.

[00226] Yet another model was developed to predict insulin sensitivity (i.e. Rd) using
plasma samples collected from a cohort with varying levels of insulin sensitivity and
BMI greater than 27.9. For this model the training group included half of the plasma
samples and was balanced for insulin sensitivity (Rd). The model was then tested using a
test group that included the other half of the plaéma samples and was also balanced for
Rd. The results of this analysis showed that the best model for predicting insulin
sensitivity includes the biomarker metabolites: 3-methyl-2-oxobutyric, metabolite-3097,
metabolite-4020, metabolite -3056 and metabolite-1831.

[00227]  The model: BMI and the biomarker metabolites glucose, 3-methyl-2-
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biomarkers provide an extremely valuable tool for personalized medicine.
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or no change (<15%) in Rd between baseline and 12 weeks post-treatment) vs
responders. The PD biomarkers were based on the difference between baseline and 12
weeks post-treatment. Biomarkers were identified that showed changes from baseline
levels upon TZD treatment and tracked with the change in insulin sensitivity in those

subjects. These biomarkers are listed in Table 28.

149



30288 Metabolite -

10750 50 5.51 1265 102.9 +L 30290

Metabolite - 10752 50 6.07 1323.7 231 +L 30832
worGoalooleBt e - 10814 50 12.84 2094 204.1 +L 31BFBUS2008/008756
Metabolite - 10878 50 8.22 1583 334.1 +L 31509
Met abolite - 10931 50 12.02 1984 174.1 +L 31518
Met abolite - 10933 50 11.99 1979 318.1 +L 12781
Metabolite - 3099 50 11.77 2002.3 204 +L 12782
Met abolite - 3100 50 11.85 2010.7 204 +L 12795
NE#%E # Eart 3 50 12. 73"211!1[T4 406. fR 16120
a""aﬁﬂ appc Bomarkers of TreatipgntResponsg -1 29
Met abol i t e “OMIESHP- 50 14. of%&%e%@—@gg tL 1 et
f6 R _ n-Responder
PlredbdiE-Ti7 0y —Sn-gtycer oS boshgehort ie Loty
M MBERGIle-T18ag77 27 O S0 0S4 Tieigy #9372 1090415
Waéfﬁ‘f‘ﬂ:ylgfy&ardl (m néf)_"alrfﬁgn,_)fu;f’ D927 | 59O -[F T 1Pgoea1
Mg |9|HH t'el e - 4275 - OU 1U. 1 0 . L TL bg@dﬂ BU
- [BigeropRdsphonihéine (G 10 NET[afEghd €200 4270 - 50p 392
2P Bcktykdmitine TL TELITEd TOT [OFHGA|LoRP [Nerof -~ 160aR
METARRA-§iEtBmyipremydaniid 8 194U T3382lP oo 16650 VEpafRl 1 T€
- | dipRdtostiBhddot 1o 16/76. 4 347. t861 16G0OD |VET abOol 1 ©.6053
486dcose 50 10. 66 1852. 1 232 |+lo4sg ¢tisved Tor L asoeara
I Nphenyl3ank@666 Met abolite - [4365 502dol. |05 1893. o204 +L
16838t0Met abol 1te - 4503 50 {8198 1589. 3 227. 2 +b00767028
MeMabodlitet-8727 4611 - 50 8. 07 64695092 1 +L rebémed
f pMegbglitehri®385¢c aci d * 17330 IE02Abhokid g - 4769 BO08B1. 3
19Wetabolite561845 retired for {g33a8&m A& 152 WO 0.0098
2009¢@har639 PCT/ US2008/ 00875654 2| 17889 Met abol PPE7-
A7Yetabehtel 164971043 2 117 +| | 253800 MBtabholite -08Y§7 50 |
7lanthitalol 6 151 +1 18120 Ned08%hlit58 -| 5348 500481385
1GNetabolitet 71205,) 10462 Met dbiPi% e 20054up 50 3 98151
10Metaholitey 41883,) 19478 N bERE& & 20054157 50 110818
1 gMgtaholite; 0954 p’ % & 20054196 50 1198178
1 gethigning -, 1302 ] 201 | T T 0.0196
Metabolite - 03832 32553 | 201 0.0209
5-oxoproline 1494 200 0.0242
Metabolite - 4611 17028 50 0.0242
linoleate (18:2(n-6)) 32673 | 201 0.0258
galactonic acid 27719 50 0.0259
Metabolite - 11247 32564 | 201 0.0273
dipalmitin 27392 50 0.0297
tyrosine 1299 200 0.0317
Metabolite - 11379 32696 | 201 0.035
Metabolite - 11560 32877 | 201 0.0387
Metabolite - 11437 32754 | 201 0.0491
Metabolite - 11206 32520 { 200 0.0492
Metabolite - 11475 32792 | 201 0.0564
Metabolite - 11254 32571 | 200 0.0564
Metabolite - 10610 27889 50 0.0564
glycerol 3-phosphate (G3P) 15365 50 0.0566
gondoate-20-1-n-9 32402 201 0.0566
Metabolite - 2800 16287 50 0.0593
Metabolite - 11386 32703 | 200 0.06
Metabolite - 4055 16120 50 0.06
Metabolite - 11421 32738 | 200 0.062
Metabolite - 11244 32561 | 201 0.0637
Metabolite - 6486 19487 50 0.0637
Metabolite - 7846 20950 50 0.0637
quinate 18335 50 0.0649
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V=B panidtthe N&QRESpB@deES (Bubjad9@ith a pdA-ti@atrlent Rd increase of <15%,
N=14). The results of this analysis showed that the subjects were classified with an AUC
0f 0.7679. Additional experiments are planned to evaluate the biomarkers as PD
biomarkers for other insulin sensitivity, pre-diabetes and diabetes therapeutic agents (e.g.
metformin, etc.) as well as treatments involving modification to diet (e.g. weight loss,

nutrition) and lifestyle (e.g. exercise).

Example S: Analytical characterization of unnamed biomarkers compounds:
[00232] Table 29 below includes analytical characteristics of each of the unnamed

metabolites listed in the Tables above. The table includes, for each listed Metabolite, the
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bi ol ogi cal sanple to determ ne the |level (s) of one or
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susceptible to metabolic syndrome where the biological sample is positive for biomarkers
for two or more conditions selected from the group consisting of metabolic syndrome,
obesity, cardiovascular disease, and impaired insulin sensitivity.

Claim 38. The method of claim 35, wherein the method further comprises
determining a clinical measurement of the subject selected from the group consisting of

fasting plasma insulin, fasting plasma pro-insulin, fasting plasma glucose, fasting free
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fatty acids, HDL-cholesterol, LDL-cholesterol, C-peptide, adiponectin, peptide YY,
hemoglobin A1C, waist circumference, body weight, or body mass index.

Claim 39. A method of diagnosing a cardiovascular disease in a subject, the
method comprising: analyzing a biological sample from a subject to determine the
level(s) of one or more biomarkers for a cardiovascular disease in the sample, wherein
the one or more biomarkers are selected from one or more biomarkers listed in Tables 14,
15,16, 17, 21, 22, 23, 25, and combinations thereof; and comparing the level(s) of the
one or more biomarkers in the sample to disease-positive and/or disease-negative
reference levels of the one or more biomarkers in order to diagnose whether the subject
has cardiomyopathy or atherosclerosis.

Claim 40. The method of Claim 39, wherein the method comprises analyzing the
biological sample to determine the level of two or more biomarkers selected from Tables
14,15, 16, 17, 21, 22, 23, and/or 25.

Claim 41. The method of Claim 39, wherein the method comprises analyzing the
biological sample to determine the level of three or more biomarkers selected from
Tables 14, 15,16, 17, 21, 22, 23, and/or 25.

Claim 42. The method of Claim 39, wherein the method comprises analyzing the
biological sample to determine the level of four or more biomarkers selected from Tables
14,15, 16, 17, 21, 22, 23, and/or 25.

Claim 43. The method of Claim 39, wherein the method comprises analyzing the
biological sample to determine the level of five or more biomarkers selected from Tables
14,15, 16, 17, 21, 22, 23, and/or 25.

Claim 44. The method of Claim 39, wherein the method comprises analyzing the
biological sample to determine the level of ten or more biomarkers selected from Tables
14,15, 16, 17,2}, 22, 23, and/or 25.

Claim 45. The method of Claim 39, wherein the cardiovascular disease is
cardiomyopathy.

Claim 46. The method of claim 45, wherein the one or more biomarkers comprise
one or more biomarkers listed in Tables 21, 22, 23 and/or 25.

Claim 47. The method of Claim 39, wherein the cardiovascular disease is

atherosclerosis.
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Claim 48. The method of Claim 47, wherein the one or more biomarkers
comprise one or more biomarkers listed in Tables 14, 15, 16, and/or 17.

Claim 49. The method of claim 48, wherein the biological sample is analyzed for
each of the biomarkers 3-methylhistidine, p-cresol sulfate, mannose, glucose, and
gluconate.

Claim 50. A method for determining whether a subject is predisposed to
becoming obese, the method comprising: analyzing a biological sample from a subject to
determine the level(s) of one or more biomarkers for obesity in the sample, wherein the
one or more biomarkers are selected from one or more biomarkers listed in Table 26; and
comparing the level(s) of the one or more biomarkers in the sample to obesity-positive
and/or obesity-negative and/or lean-positive and/or lean-negative reference levels of the
one or more biomarkers in order to determine whether the subject is susceptible to
obesity.

Claim 51. A method for determining whether a therapeutic agent is capable of
inducing weight gain in a subject, the method comprising: analyzing a biological sample
from a subject receiving a therapeutic agent to determine the level(s) of one or more
biomarkers for obesity in the sample, wherein the one or more biomarkers are selected
from one or more biomarkers listed in Table 26; and comparing the level(s) of the one or
more biomarkers in the sample to obesity-positive and/or obesity-negative and/or lean-
positive and/or lean-negative reference levels of the one or more biomarkers in order to
determine whether the subject is susceptible to gaining weight.

Claim 52. A method for predicting a subject’s response to a course of treatment
for pre-diabetes or diabetes, the method comprising: analyzing a biological sample from a
subject to determine the level(s) of one or more biomarkers for pre-diabetes, wherein the
one or more biomarkers are selected from one or more biomarkers listed in Table 27;
comparing the level(s) of one or more biomarkers in the sample to treatment-positive
and/or treatment-negative reference levels of the one or more biomarkers to predict
whether the subject is likely to respond to a course of treatment.

Claim 53. The method of claim 52, wherein the method comprises analyzing the
biological samples to determine the level(s) of two or more biomarkers are selected from

one or more biomarkers listed in Table 27, and combinations thereof.
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Claim 54. The method of claim 52, wherein the course of treatment is a
therapeutic agent.

Claim 55. The method of claim 54, wherein the therapeutic agent is an insulin
sensitizer

Claim 56. The method of claim 55, wherein the therapeutic agent is a
thiazolidinedione.

Claim 57. The method of claim 52, wherein the method further comprises
determining the subject’s measurements of fasting plasma insulin, fasting plasma pro-
insulin, fasting plasma glucose, fasting free fatty acids, HDL-cholesterol, LDL-
cholesterol, C-peptide, adiponectin, peptide Y'Y, hemoglobin A1C, waist circumference,
body weight, or body mass index.

Claim 58. A method for monitoring a subject’s response to a treatment for pre-
diabetes or diabetes, the method comprising: analyzing a first biological sample from a
subject to determine the level(s) of one or more biomarkers for pre-diabetes, the first
sample obtained from the subject at a first time point wherein the one or more biomarkers
are selected from one or more biomarkers listed in Table 28; administering the
composition to the subject; analyzing a second biological sample from the subject to
determine the level(s) of the one or more biomarkers, the second sample obtained from
the subject at a second time point after administration of the composition; comparing the
level(s) of one or more biomarkers in the first sample to the level(s) of the one or more
biomarkers in the second sample to assess the efficacy of the composition for treating
pre-diabetes or diabetes.

Claim 59. The method of claim 58, wherein the composition is an insulin
sensitizer

Claim 60. The method of claim 59, wherein the insulin sensitizer is a
thiazolidinedione.

Claim 61. The method of claim 58, wherein the method further comprises
determining the subject’s measurements of fasting plasma insulin, fasting plasma pro-
insulin, fasting plasma glucose, fasting free fatty acids, HDL-cholesterol, LDL-
cholesterol, C-peptide, adiponectin, peptide YY, hemoglobin A1C, waist circumference,

body weight, or body mass index.
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