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Met hods and Systens for Profiling Biological Systens

This application clainms priority to and the benefit of
wQ2@®5/0Rreyi si onal Patent Application Serial NOPCT/US2004/027022

60/ 496, 657, filed on August 20, 2003, the entire

di scl osure of which is incorporated by reference

herei n. Nie¢h8d9and Systttss toP Profiding Bictocdeal Systenss
to the field of data processi ng and eval uation.” More
particul arly, the invention relates to netb. oda. and

systens for profiling a state of a-biol ogieal -system
a~ mammal such as a human. Background Current
anﬁf B SR, MR oA bl o PN (G0 Pt Appication
Serial Mo.c0IOE7, ﬁlcdtoam\musaw 2603 the ergire diselobwrmiof svhich is incorporated
b ﬁfgchnog g{\g}er evol ution, particularly that of genom cs,
Y IRGEI5Y 0V fed a basis for studies of a single type of
bi onol ecul e both in single cell organisns, e.g.,

Fiely 088ie, Intdtdiohn sinple, multi-cellular systens, such as
sea urchin enbryos. In both types of studies, the

sy dihefgveatien piztesiiohel fipld @@atarmmﬁéﬁn&ﬁnctwh@é@na Apre particularly,
£ -
_ the ﬁg%{oggclgﬁeg "é(ﬁ glﬁﬁ{é)dg?m& s?e'?%?c? plto??é}g fgfs{ea‘r%ée ﬁiﬁ éf\ggleo 1cagg§§fem, eg.,a
1nmﬁ@ﬁbi&bﬁ§ahmmaﬁ in silico interaction networks is
' facilitated by | ooking at interdependencies between
}kw%%gw@ﬂDng genes from several different perspectives.
wever, while nodern quantitative genom c
temmb@apé@ach%toméeﬁsrayd@c&mla@n such apegepemigstang groteomics, typically

focdes 2);1%{3 rﬁggflé ?#egtaéﬂ" aboqolgg s‘%‘sﬁfnteeft éﬁ&f Bfle alqlg Efth% l“t)ﬁx)[CS” 't:e%fmolo gy

one sea I'n’s pertur Ion
revoligtone darsicglail § tleanf gem)mlcs, has prggﬂv@arbaﬁefdr@uﬁhes ofa s1nglc type of

t I t h
bior;@gqr ﬂgﬁ «?{rhgn e eﬁ@%a@g{s&g{] g %e Imr;%q% e?:’lgé]{le )éll?léaeq?nsnlglﬁp cellular systems, such
0 v, I
as s¢ Elglgkcgfrbg%(%ss II% ESthW?%el;sgcﬁTs u{rilgég nﬂthE %?fét{iogl Ci}%ftﬁ#ﬁfe@% env1ronmenta1
chal’@s aadiDf gegetc mayipaladioang enabhalhe ccncla’son/\eﬂ gent peipression changes ina
hre | d, cut-off Anal er st andi a, oy
ot el feeants (Comarac AR e B o ehihas fpilitated by
lookIMER iARFRp&RIFRLLE Bét@Men mﬁn&{g&‘xﬁbi‘ﬁoﬁﬁ%véﬁp&ﬁ‘e%t ﬁerspectwes
conpl ex bi ol ogi cal system one nust take into account
Howaver, whileimedsaparantitaitva |ge@q1alﬂé@qh@¢logfes erecreadibit aviajlablet the resulting

vari. nd tissue t
ol S0 M ESEkRbY afd vl 2P ralf R bl BB Sy, o
pertifdbBOOWas Godnesdesghifi€ant bﬁllj?tlf B gt 19 tb Aakret-€bM 02 Brdal® change in gene
anal ysi s of a single aspect of a biolagical éste

expr@ssgon Althquel agiuppier of exgsrimentab fagtors myiglt contyibuig tp yhexpes variability in
a syg%tagl%qgcrﬁfcg E&*%}‘é%%% g@hﬁg@e@g@aggfg SRS Bt HiRHeE BY  change that
occmamellcmﬁafatﬂ’lrﬂedbld an-offit hway or di sease. An inportant

o1 AP T BB O P SHB R BSo GBI 5 & marma, i

mucﬁQHcﬁje %cmgﬁbﬂtéd MGB QfuldFng MSEAE 88 2 bSmPIRE biological system, one must take

dentification and
into account the multi-compartmental character of the system, not to mention the variety of cell

and tissue types that will have unique gene expression and protein and metabolite levels.

Current studies that rely on the analysis of a single aspect of a biological system, e.g., a single
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val i dation of biomarkers/surrogate markers. Mbreover,
it appears that instead of single biomrkers being
wo p@soaticzve of a state of a biological systemPCT/US2004/027022
bi omarker patterns or bioma ker sets may be necessary
to characterize and di agnose honeostasi s or disease

AN Y L CEC TR TN T
systbid o&@ﬁbs@%ﬁb’tﬁhﬁnaﬁﬁ@ Afivegliya 5 @ﬁlﬁr %ﬁl&uﬁ? BathivaY or disease.

ods “and st ens that cons I ol ogi cal system
as mhlmmnad@ﬂlbm mah@uxabkmrtdmmmobgtdabss’ﬁeudyf omammal and the

o R BT AR b AP Sy Br estac Dt PO cphen and

Vahézﬁmn' VN HarRérsisitrSg R hdlerd| FM'ofe%%ﬂ ﬁ@tppéa@s PaPHERAES of fingle
field known as "Systens bi ol og In contrast to

b1oram&b13$§qeglgdﬁdlgai1\remf astatgaf a b@b@@qai/ @ystegn,ﬂqlgqn@@tmﬁems or biomarker
st em ns
sets e g r X %ggetglcggrlagtg? géé %/ﬂs dl%é]ll%ﬁ% Féﬂg%’%sgefsb%dr{?t 9% daefor a biological
syst@ihobvﬁbﬂ& rdldpleE oo the binlguden syssem artdsmnhhar[eopsiy omdered in the
which are in flux_and i terd p ndent . Rat her than
anakypisi Acepaing)y.$harpis & §aedgor Tethp plemls t@szmt@er&fblologlcal system
as a&l?c;l? HE Rl BEIGRISES %&V&ntﬂé‘{l e%ﬂg@rdf Gdal} ﬂlsjehéél AWaeliRoveryand  —

ex -organi sm " e. rol ogi cal processes
devélnpmbmatfpharﬂmmmncaﬂpsﬂlasﬁss or that govern drug

responses, the nmethods and systens descri bed herein
Sungfilvag ¢hd heeomp! exi ties and i nterdependenci es

contained wthin a biologjcal system By pg{r'oprl at eJ ;I/

vi sthel %Wllﬁ@t%%@h@d%%na%? 1G8HNAT PEIREPIE K f‘% krpwn as “systems
biol%?g Logli % raﬁXc?‘B&‘Hf iSofSH i h!h%ﬂiu@f&s '?)f ﬁ%ﬁblb‘@gﬁr Pﬁl&% systems biology

| ogi ca researc at the syste ' evel , developing a

is thersoddyl lﬁmiogyaasﬂameagwechblblmaagﬁysmm mjchxdmg gemetiéy protein and

o Tangaoss e et Bt pRisEa By Rl Gy Bhdsg Rether than
artlﬁ&aW ﬁhﬁﬁﬁ' 0 AR i8Kereht doldxiy Bl o?Sei Ol phaUFBRRE $hat underlie the biology

I ncl'udi ng ‘humans at a bi ol ogical systens |evel to
of amomplejeorgemsmm& 14 ﬂmtm@lng@bknmcetsm inyqdvasl ipfhuman diseases or that govern

bi
L BT S B AP PP e
1nte¥&ép€ﬂdetnhﬁs oBithRds waihch §M1%Ic@16511 Shexsei.i B Flblepﬁately V1§ual121ng and

possi b to gain |nS| |nto bi ol @ |ca pat hwa %
conméemth@re@ exay%asb@ agiea 1gysigmy aakgBekatisangaa undiertake biological
f i C
s SR TRt 08 LR A0SO PR AOBHLASIABA i
pro{rﬁwinslght @to thbhlﬁaolggilﬂ/sgaam dsmawisde.i pt, protein and

net abolite |ev to create knovvled at advances,
phabhanplication de%@&@émﬁh%% ﬁ%@ﬁﬁ YgS© Bigr f’ﬁl@al samples of
bout th
L 1 e Ay e Wi o
statdiof @ bioéa; gacadfsystemehattw:as pageatsiycsobtinabéeathrdnghdraditional chemistries or
sengriciea) Uy fepefody i et a8ethfiatin, fis posrte to sein insight
1ntd1ﬁ%§}gf<ﬁﬂﬁﬁh§/a:g§hrﬁ%h@ﬁls&b of eédz8 in® aniglréshoases More specifically, the
performed. Subsequently, conprehensive gene, gene
methodhanst SyptemSp!ﬂmafe&ﬂﬁZC anddniseratecdaipe the blogmerqular ggmponent type level,

ie., Cthe geneggenettrgngc%{ptc eﬂr%einoa%d%le%lyoﬁnés le@&dto create knowledge that advances

pharmaceutical research and development by providing new insights into the molecular
mechanisms of health and disease, which further the development and discovery of novel

therapeutics to treat human disease.
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networ k nodel i ng provides insight into a biologica
systemat a systens |evel so that connecti ons,

wa@orosek@Ees ons, and rel ati onshi ps anong t housanpPiST/082004/027022
di verse, neasurabl e nol eculdar conponents can be
achi eved. Such know edge then may be used directly for

EloB T aAk PRl R e Y FEARE RS, mliple

mea@ﬁl@fn‘éﬁts PR ofi $kEbi aId g R alAgi ples§ 06 p&fcfrﬁiéﬂeﬂubsequenﬂy, comprehenswe
hypot hesi s-dfi ven experinents designed to further

gengigges tanseriph PHBERyaIdEIT @gqt@bqh&:mﬁilg&ﬁoumﬂwﬂ% porrelation analysis and
netwc{rg%}fddégn Iao%lﬁg 11%§ HE 1@5 gﬁ‘)#(hg%l ngstglln%.lt 99 &@Jns RY Sl Pthat

ceutical discovery
conﬁ&doﬁb‘;“é@h@lﬁﬁ@{ﬂ; and ﬂ&tdtmds;hi@ zdnang thafisahgaoitiedrfd, aaayyrable molecular

drug respon d th eti o of dj sea e
CompARFIE eAn BSrCHiP b Sued moml?fiﬁﬁ%%wsfnﬁﬁh{’%wﬁé‘ﬁ? t?pffﬂf iths @F@(elopment of

#hi d/
SR B 09 1 5L B PR Blrtion. o

mayesep¥eiasal basis fof digmteal, Bypaghesishdreleneperimentsidesigngd tofurther elucidate
onol ecul.ar ¢ onent .t to.elu a .
pattORR G lRER R LBy i Rea ek et O REBHIE P &pishqgical system can

impfRRRAAE MsPedé omiamadeﬁuém didbiraahd @8%|IRAE including drug safetyand

tonponents. The nethods and systens utilize
efﬁcsapa,t drug w@abn@nmwtbegu@ipg:a%d@@aaﬁ ity of data sets,
ctrometric dat Q f f o
st gJEkg aggﬁ%atlgp resseg?%uf%u?}és nlln%gln%}lt ﬂ%o?lupgr[% l:].d §ue% by}rowdmg a

methodTERY sybteen, ek &teSBido@OpRIfoSE” Mihg fHeabilta senespeate @ phirality of data
t he bi ol ogi cal systemand are derived fromthree
setspwhishmyaysideiude §vo or Bpxs) gmelgrulangamponeifapesyto elucidate information

con?éf}gl?eéj ﬁﬁﬁg%oﬁs%%meﬂ%? m]g% g c@rnplgggggr&%{v%rk§ &f@fons among

['1cation her |besate nol og
comploatiitar The imthoﬂaa:md sysensaitilize stdiistoal anmkyses of a plurahty of data sets, e.g.,

simlarities, differe and/ rrelations not
SpeIEtF {HPr 1o ST HBR BTG RGP G601 S ORBHEHE Ty i » mammal such as
a hu%&rp | ThePaBR 408 @nRrisP 'rrﬁilﬁ’;ﬂb ﬁf@asﬁ&%&ﬁgbf Hdtbictb é@al%%t@ﬁlsand are

two or nore bionol ecular conponent types. In a broad

derizsp&rot, theeerpsinkesy S@frcep;r @fbm)lpggalgsa.gm epefa measisinasgi teghnique, and a

. Syst mlnclude uat i ta
e G e NS I S e T T
facififdRané OlcdraMehl TSimiaR RS ! difelehtdsphdd/or c@ﬁem&bﬁs ﬁcﬁtoihl}t Within a single
deternmi ne one or nore sets of differences ano

_biomelgsulapenmpaneniiype Wethis asaamle gr biplogipabsystans bu ﬁrﬂéo across two or more

blmggfealgl?%gi@(gg{gg@rxb&g the features anong the plurality

i'hcl ude direct conparison of one

f edn@ohdaspett] & letidbdiod paefilinga sate of 4 bibPeyict] sgstém addudes evaluating
in another data set. The acti otjewq aof . conpari ng

with sigtisficebanglsts aplHralifncot dat by ofa e Oﬂtj’ ySQ%%@lh conging features
amgngﬁhé' Faﬁi?alﬁ LPESAD Q8 tﬁ@g%lgf %S‘re%h‘t@ I'(‘)f @ﬁfere ces among at least

s assocl at /or resutlng romthe
porgdmdf the ipbablitandldytaissts. €he aqtmnnﬂftcpm_amng the derdiings among the plurality of

eESEeS O Ae st of Che Syl vl B o0 COpAT S0 i
feaﬂfé’ i‘ﬁl ABadr Argthe 'Th@ﬁ&t*ftﬁfjof@onﬂfaﬁﬁg tHeTatdres hRb @aR include correlating or

bi ol ogi cal systemin a mammal includes evaluating with
assmeamgs&eawms bawmeyswr smangptlata a¢ts sychots carelations assgcdrtedwith and/or

| ecul ar ..co nt type d ¢
T e e —
evalllafiBn S£d §otﬁf)arfbbﬁfa€15@ﬂlbefér a state of the biological system can be developed.
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anong at | east a portion of the plurality of data

sets; evaluating with statistical analysis a plurality
wotoidara2set s for anot her bi onol ecul ar conmponePCT/U§IE4/027022

and conparing features anorg the plurality of data

sets to determi ne one or nore sets of differences

anpong .at | eas .tion of the.pl. ity .of data ..

cerami peiH ofPiine £Ra® ot el B it B sbihfial inctudes

evald@$Ed WhE gtaflftedal &Q9y<ia plegitPef dutdsedd for @ bidtholechbdogndhent type and

t he Di ol ogi cal system A further nethod of profiling a .

compariegfegtures amesiadye ohirality of datp is¢is £ daierine PRcorUBets sets of differences
eval yat.ing w ISt cal YSi . s :

A SRR e g

lur@lig o7ldetise i foCaitbiten yags conmposangsel apating features among

purarlrlt(g)n t he plﬁrality Qfmdata sets to_ determ ne oneg r )

the ploraiits ef dati et qeSFTERRLANCATSRRYC 8¢tS PE {ereawﬁwwwtg?ast a portion of

. . _ . gy
e ) U B4 0 i TP Lo AR s o develop s
profile o 4 statefof thecbialogiceldlesteni.bed anal ysis. Central to the

met hads and systens..descri be erei.n.i s the analysis

o A& NgTgF Hioey QS Pri S of 41 V51 T AR el includes
evalRefisy Wit stad6i e AN QOB Plual B¢ b YR8l sdts EhpiNiy fbadur@Rénts from at least
— ~bI ol"ogi cat—sanpte type, nore than one type of i
tworkbersaleeutartompsnbm thpes, andspmpetiagfeateespingngl the plugality of data sets to

component type, OfF .a.-conbination,of at |. t . .
oo e S8 o B o 5EeRR AR A PoERRF ey f daa sers
and Qlie%lﬁbiﬁg Fllpacyﬁ1@ Ien0aee of theftologies] fyktehdgisedbn tiegtailts of the above-

preferably is in a manmmal, such as a human. A
desgsihsf@nalysibar conponent type includes a protein, a

gl \ i a i ! . 1 .
L

setsotThe pduralify @d datapkadnduds@easorencatsederived foal mbiethah one biological
bile, saliva, synovial fluid, pleural flui

sa.mpéeﬁygggmraﬁhqaq qﬂec}}’pﬁ‘p mfaéﬂrgg}en ﬁea]?ragues Toxe g{aP@@g géomolecular
conih: (¢t O ato bt 4GSR LR S, a o
tectmiiutehaid abionwildcs]ar eouipomwak typk. Tob bplogital npsferagrdferably is ina
R N S TR ——
gen@,ec{ %e?w_t%&éi‘ipi%ﬁ aGARabdlé Ude neasurements from one

bi ol ogi cal sanple type that is treated differently, or )

f r ofnbemegibilshmgledape wahdre ampps othees; blogd cplpsrad gy cerebrospinal

.anal yz at_dif an ' .. =Y ) i
B bl ST G PR e, s
nas@lhfﬂlﬁdfﬁicﬁw ﬂl@.ﬁﬂ inthiceliulpefldioy ineaetiula Guiddlymph, urine, liver cells, epithelial
cellg,gglgg%t@ﬁ%trcgﬁ%%(ﬁqrég :Cc):lllql2 %{rq);;q%!%geg]t@: @gg@ cr:eﬁglsgmg rggﬁss: brain cells, skin cells,
adiﬁc%@ G ﬁﬁ'ﬁ&rycellg aaifl AR QAN PH Y TBS Sars RRAKE MBkéi¥ments from one
I'gh pértormance [iquid chromatography-nass
biokgial sanipié type tiea s réaaedydiffermatly apfmnesnsbiokgical sample type that is

spectronetry, nuglear, magnetic resonance spectronetry,
collsgied or @%Wfliaﬂg‘%éf?“éﬂ%say, paral | el sandw ch assay,

an dA%éEEﬁ%ﬁ%hV@cﬁﬁ%ﬂ?‘%’incl@é@@aﬁ@ﬁ? ofh8R, lif\ih YB®matography, gas

measurenents from ferenf instrunment configurations
chrahatagesiphyl legh parérofneekguid ehmentatography, capillary electrophoresis, mass

spectrometry, liquid chromatography-mass spectrometry, gas chromatography-mass
spectrometry, high performance liquid chromatography-mass spectrometry, capillary

electrophoresis-mass spectrometry, nuclear magnetic resonance spectrometry, parallel
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techni que. Subsequent to developing a profile for the
state of a biological system the profile can be

waeorpar@Eadsto a profile of another state of a brPoT/O§i00&027022
system where the biological systens are the sanme or
different. A profile also can be conparedto a

by LB PR e PO e eSO ST B PR AR saunclude
mea3t@hRnts [sn AEFREH SnsHeseht badigheftidhs ofByingle tgrr d’ﬂrﬁéils@ﬂehlent
by an article of manufacture having a
}mewput er-readabl e medi um wi th conput er-readabl e
t f
 DXHELLRNR SUBRE SIRESS L SnOc FHELRR b, tho proile canbe

jatddlae e giEsile r@m aficthérfstnerot &lbloldgmabws&gn wlidr@ﬂleéﬁologlcal systems are
etaile descrlptlon and_ clains, all of
the sanpe ex different. nA PERtils alspican by pompricd iR adatahase B§PRR/§}F56? evaluate

wheEt TR §aR" Y lﬁ%lﬁg cal%%{édt @Eﬂcﬁ& &His Lififlaf J[c%é’]gm{r f%te. The methods

or €égol ng and eat ur es, nt ages
des@fbetl herdimueanbe @mrrxéé ot b}baam:i andioleve mintufachee havieg b l@bmputer-readable

o e b TSR BBl s,
aC COMBAILRY afld @d’\ﬂaﬁﬁées dﬂ’ché ﬁﬁ/eﬁiﬂi&i"@vﬂg&coﬂe kBpdrBhtEtRA € following-- -

- ——char act gs generatly refer to the sanme parts

figuréw, deighielidestiiptian, fidelems, eil efwvhichiBusiratadhe gsingiples abthe invention by
ne, essaﬁll to scale, and enphasis instead is
wayy ‘ﬁ?"aced upon illustrating the principles of

.the inventi H Figure 1 is a schematic flow di agram
Bm&ww f) tegration of genonic, proteonic,
or o?%lq} ?é%oﬁlgaﬂﬂ other Rbfedls, fiafufess Qﬁdsadv@m@gé’saiﬂﬁ’e ﬁwentlon described

bi ol ogi cal system Figure is a
abowé &@M hernwire Gllyiunderstood fipm Bl folersingdesssiption gf wecp%s ﬂélsstratwe

dt L9
em PR B R b BRSO BGRB8 Blines,
referérlce Tham@b@ess deferaBy Ped 0BRE @imedReisghroaghdud he different views. The
ApoES3- Lei den transgeni c npuse gene expressi on

 drawige eremainecgspagily & seale, paskerpphasis tmsteadghpencealicrlagadgipon illustrating

the P?Fﬂélg?a?%qnggﬁ%gs& on experinent. Figure 5

es 'a significance plot for the selected 1059
peprigte Ipigakshdmain flow diabtaveillubtrattg theintedratinm e génomic, proteomic,

illustrates. a bl ock design for etic data G ST
metaRolepigant clinsay data seis fe fopetopa I%IQP fﬂ&iﬁ%&ogm Y5 a

&0 rsﬁﬁ@gre% RRaRid Eﬁéraﬁl QFva?r hs ¥@tRaY ard Rbcdsbifig §bé?§ hehd éﬂ‘led to a

ata set. re 8 | Iustrates scatter s an
plumhtgooﬁdﬂta satoiabiding tp aplibustfative vmbo@trgpnizofdhe m’ventlon

IR ORI —

expﬁr&@lon experiment.

Figure 4 illustrates a significance plot for the gene expression experiment.

Figure 5 illustrates a significance plot for the selected 1059 peptide peaks from four liver
fractions.

Figure 6 illustrates a block design for the synthetic data GIST experiment.

Figure 7 illustrates scatter plots and a normal probability plot for variety 1 of the
synthetic GIST data set.

Figure 8 illustrates scatter plots and a normal probability plot for variety 2 of the
synthetic GIST data set.
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synthetic G ST data set. Figure 10 illustrates a

significance plot for the synthetic A ST data set.
wo-@aneoies | ustrates a flow di agram that descriPEBUS1D64/027022

treatment of the gene expression data derived froma

bi ol ogi cal sanple. Figure illustrates a flow di agram

that descr,i bes the treatnment q he.pr.ot ei.n, dat a.

origa O e g st BB P (Y Rised of the
synthb@VGI Pas@ReL hat describes the treatment of the

met abolite data derived froma biol ogi cal sanple.

Fi dugweilpiliastrates asignifisages plobipr s %mﬂte‘aa &8 idgtasset he

i nt tyi ' ' ' .

t e 1 o e ottt s ARLALS TS LERELYEH (8 e expression
data derived fidhes bivlqdend sexpleessi on anal ysis that reveal s

MRNA abundance. Figure illustrates results for )
S e|Fégqr§&2gﬁ%§%es1arfg}w glaérélﬁb&lé&%sgré}éqsé ey of the protein data
deriFLBHER 4 bib Ja?'gﬁ-xﬁplé.esu' ts for selected groups froma

gene expression analysis. Figure illustrates intensity
pl dtigurefl3liiBtasat fdw divgraphibehdasodbesitee wéatpent ofithesmetabolite data

fr | asnmp sampl es. Figure illustrates total ion
dengﬁ(?g]ﬂ'&t%%gg’r%c ad?ﬁslﬁ‘d M5 profiling of proteins from
Pl a5 p@eIaTRhRteshl T @iagﬁni thhtigdst @@ %hd fatddmtion of a plurality.of data_-
-chronmat ograns acqui red from the digested | ver

setspletived fromgfvof gryngore binmeqjedtilar cam@onenf &yng| dt ype mi ce.

Figure ill.ystrates H N clLr f i
e ERedd PR SRR LR T TR RAR RGPy apyndance.
N GEgurki 1@Ullestiidesirkdults foratREtedRBGupS ffodiR bergy dxpBessibn analysis.

pl asma | i pids recorded usj n‘g LG Ms for transgenic and .
wi ITgyrsd 7ilesratesirgintis forgeleried groups deom » gpafs rpaissiga gaalysis.

Pr oig1id 13310 ARBh IR 8P LEAMENGE) RRRMARAABELAE St proteins from

n -concatenate orma single factor 3pectr
plashex saogpigsar i son acr oss i ndi vi dual bi onol ecul ar

conponent .types. Figure 24 illustrat l'yst ering of .

i |y iTss tatBih Chipinatograa BOBL L LY g Bt Poteins from
plasiid &pigidl Conponent and Di scrim nant (" PC DA")

statistical analysis. Figure 25 illustrates a ) )

di fFigue?ddllhsteatesrLGPET chromaoErapsrcdised Bamithe digagjed liver proteins of

signifi.cant .diff.erences (note mz val ue 1366). Figure
ﬁveféa%ﬁsg?rﬁ%??éﬁ‘é%wgg@ggngepectrum and a sequence of a
pepticae A1rilgstiadsUel NBBGIpet 90T MBtbelits ecrmetedeadi @Rema from

using LC/ M5/ M5, where the peptide deduced fromthe
tranygymigsand wildtype mice.

Figure 22 illustrates mass chromatograms of plasma lipids recorded using LC/MS for
transgenic and wildtype mice.

Figure 23 illustrates individual gene, protein, and metabolite spectra that are normalized
and then concatenated to form a single factor spectrum for comparison across individual
biomolecular component types.

Figure 24 illustrates clustering of wildtype and transgenic mice data resulting from
Principal Component and Discriminant (“PC-DA”) statistical analysis.

Figure 25 illustrates a difference factor spectrum of peptides exhibiting significant
differences (note m/z value 1366).
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spectrumis identified as residues 57-79 in the
sequence of human apolipoprotein E3. Figure 27
WO booaseriat es a correl ati on network between bi oP@Gl/E@820046027022
conmponent types. Figure 28 Tllustrates a map of known
reI ations between the correlation network associ ati ons

P ob R B Bk o 4 bR vt 1360 rom
moulae 9Ia§1hla%e%r&edwarﬂgal(s/1\ksms iIREAME PohiidcA AN A thRIS/MS

derived from a systens biol ogy analysis. Figure 30A
speq‘tnunumldqtt@@dtah eesidup® 5778 i e sg@uangs obiumareapolipoprotein E3.

Ap

R 31 EF Db OB oS B AR B gty o e
datragurEg lllllllﬁtrates b Ittt dfane s trilatidAs/ H%V@dmrthm%ﬁtafl‘isnefmork
t he di gested [iver protein fraction for the ten

assogigippeand Bﬂibé‘éh%hgfoﬁimﬂlq)%strat es the clustering
angl; %E%?Qﬁus'i tﬁ(cpatl"(fff b gfe“cﬁﬂlﬁ&‘a RS iffl ‘[egﬁiﬁ ®f biomarkers
ilIdstrates a or spectrum of e [iver protein
(“Mdﬂdeﬁs”) 61' mara@eﬁm algemsttlnaamasbd: terivedfsine pisygjemebielagyragalysis.

[ T AT A AT

exp&RB&Hr um of the lTiver lipid data set. Figures A 33B,
—and 33C il |l ustratea conprehensive systens anal ysis
badgure 3 0B&tlastiatas m sciftas @laiiod ths! @ﬂlil\émc@@ﬁﬁb detat t ypes,

\Ang gurF_,Sg& g&%%%s%g%pgﬂgg %hloo'glatggrn%ég t?ae fh@eﬁé’é ﬁvé%tem fraction

for fhb @H ©indfed. s @ schematic illustrating hyperl | p| dem a
and at herosclerosis in a_blood vessel. Fig

i | IRigure 3d Bdllustigers|the gpsiering gl ofjth ?)mt@d:eﬂ?ﬁfi%ﬁfﬂﬁlis
pr I pectra
P or iz BAGARRGHRe AT Soctub ot it proid
t r driggenca 1ﬂnstmsrthaslnmenﬂgrxdselt1@§@)om fhie guineipal/component analysis of
il LiStI‘ tes a PC- DA score plot showi ng clustering of
them Wit 428 855 t he transgeni c nouse, represented by
tri|pgkesy dlﬂgﬁratté%ea f%tbﬁ&ﬁé@ﬁmﬁ QIF tIOINfelr Db dHRLISER.

repreésente circles. "Figure illustrates a
di fHigaren %Asﬁ@tandu AP C hildustratesy ¢orantelmnsive sysieros audlydis based on data

o BB Sk SRSy P16 7 Fo0s. rigue
33A0e BTt Rl PRLRMBIB PhbidihAkbieBs L Bpid).r ansgeni c (TG

m ce and wi | dtype (W) m.ce anal yzed by a 4-step
gr ddzenst34iipasehematic illustrating hyperlipidemia and atherosclerosis in a blood vessel.

Figure 35 illustrates a whole plasma parallel proteo-metabolic profiling scheme.

Figure 36 illustrates NMR spectra for a wildtype mouse plasma sample (WT) and a
transgenic mouse plasma sample (TG).

Figure 37 illustrates a PC-DA score plot showing clustering of NMR data for the
transgenic mouse, represented by triangles, and the wildtype (or control) mouse, represented by
circles.

Figure 38 illustrates a difference spectrum characterized by a number of lines
representing various metabolic components.

Figure 39 illustrates total ion chromatograms (TIC’s) for deproteinated lipid fractions
from transgenic (TG) mice and wildtype (WT) mice analyzed by a 4-step gradient in the LC

dimension with mass spectrum acquired over 200-1700 m/z mass range.
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di mension with mass spectrum acquired over 200-1700
mz mass range. Figure 40 illustrates total ion

wa@ boosomtieyyr ans from transgenic (TG mce and wWeTU§We4/027022
(W) mce protein tractions8 obtained fromtryptic
peptides. Figure illustrates a score plot show ng

o GBI Fiepss P4 PPl et P PR E A GRS end vildtype
(W@Gﬁfé& Pﬁn&ﬁffra@ﬁ@ﬁsedma@mfr&ﬁtt@@ab bbgidegnponents. Figure
3 illustrates a schematic representation of data
an Figuse 4 1 ikbesptes w.scote glit shaming PGBy dusersferathosildtyps W T) and
tr for.an uns(Lngsrvi sed clustering analysis for nultiple
aniﬁeﬁicf%f"r‘?g Ygure 44A illustrates COSA unsupervised

cl usgaeun ﬁllhﬁrate@dﬁﬁ:réﬁo@tfm pectad for previaahd retdbolite components.
di stinct clusters. - - gure 44B il lustrates COSA

undigrae ¢ dibeptiates @tseliqm?@caﬁprﬁ%ﬂnfqhsp@f dafaanalysig Woplgiow
ha\ﬁf LP‘g Q4 iff ?e%m&%ﬂo HiBudkepbdisd thilefie bysis for multiple
for se ecting an conparPng conponen%s o0
platﬁimmipj e that are different from another sanple. Fi gure

45A il lustr, tesa esentatlve gra ect ed
pr QiR 444 psiates cOPA LaBBE Y iRt st gate

revegﬁg Rﬁlrld%%ﬂgm&gsum ng the univariate statistical _ _ -
ure 46 illustrates a correlation network

f 0 rFlglh'e 4éBnjastiagasC QA neswedtsed -clustaaing b diddpls data sets that have been
den and vehicle-treated di seased rodents (drug
"on disease). Figure 47 illustrates an intensity

pl qtlgM:e 93l tdtds Te RbrkEot fol alléRing aBe cvRpAinta¢dnspodtnts of one
onents in the drug-treated di seased rodents and

Sarﬂl?@ﬁﬁ@tl?ée dliffesens drogn anoskesgatppldent s (drug effect on
d' SP% & )4'5A|:ﬂlg§{f Ges gbllegéf?%fv%t %}h‘%f@%@{:ﬁgﬁ B?d%lggh}glat dQSmetabolite

en groups Pase
dlffd:reﬁ@@ Detweer ahtugsupsiitiditified asing gicowivdriid ﬂa’ustlcal method.

001‘1

normal i zatjon and scaling) related to peptides fro
cerfigyih 4pribusiates qﬁrr@ml@n &Worlf %fgﬁl?eawgpa%@m ghvepy fipg-treated

0

LIRS U g

co rfhgduatm ahugfatds unmntem]ymkﬁ vika Bzationtof womelhtiorsbeseeepl pairs of
dat a. ure 50A i ] Lustr the.r Its
compRars Mg s Uit 85 ke e aier diserppgeodents (drug effec

oncﬁléefa set used for classification consisted of 366
3 peaks chosen fromthe rodent nodel of the human
d| sHagme 48] lyiratesial pl@tsshmmgatuhsebemmgupsdtaeecb@n the ngs of the peak

Pofn and sca%ng) related to peptides from

1nten51py Value%lv%%'hm eac%r group {’%1 fey H&'}na 1t
certain proteins.

Figure 49 illustrates COSA distance clustering using human LC/MS lipid peaks.

Figure 50 illustrates the workflow for a comparison and correlation of human sample data
with non-human sample data.

Figure 50A illustrates the results of a COSA analysis of human serum samples in which
the input data set used for classification consisted of 366 lipid peaks chosen from the rodent
model of the human disease.

Figure 51 illustrates the success rate of an SVM linear classifier as a function of number

of lipid peaks.
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of |lipid peaks.Figure 52 illustrates a conparison of

i pi d abundance changes and correl ati ons across human
wa@pasoedent species. Figure 53 illustrates theP@DUKI0©027022

for analysis of several dat®w sets. Figure 54

illustrates a graphical representation of selecting

anal.ytes, for a biomarker. Figu 55 illustrates the ..

e tiginandbisted aeprPaR ATy S BiBisk SREEF ASG Pty across
hunSAHRE §denfb@dfes. 56 illustrates the Iist of analytes

fromFigure 55. Detailed Description of the Invention

Th&igree hd ddusanates shyaswerktlowi for psdysis ¢fsewsral da seton

mul 1.1 pl asurenment s 0 [ i ' (M
TRl 34 PGS TP But B AT SR SRS Sy BE kY i

t r FGEE 5Ptibustiates My parfor@ande dfladfifteen bhalgte Biomarkdeinsdramsing samples.
a bi ol ogi cal S{?Zt emin _greater del:pt ht han an approach

t hadtigur fiikessrates the iy of analytpelemtdg¥sPs.  Under st andi ng

the biological systemas a whole can inprove nultiple
zitddddser pidnerEtentior al di scovery and devel opnent,

i ncl,udi rug safety.a I : . :
et o G B B0 S 830 o B ARRRRen @ ilogia
samPes! BOmdRsAnaIgYis RIf aletMblites Aotelisegnas endygsienia@Scripts, to permit a
_proteom cs and netabol om cs, and bioinforpmatics, an N R
skilled geffses to Rndriiancha bieagiakipystran EngreRFoNAPETHen AR ABRfeAEHhAt examines
t g r . i i . .
R S e e
asp&pRFhanhscetitical disebwgry ahd devetapinene indluding tiatgesafdty and efficacy, drug

oS 268 i SR108 M GISREE o1 e s EREE Ay HoRn S ag e gprm can
| I
integ'{agef : %rrﬁ{,s, rdbthied bt B cBY SRS, thd RoRFbRitic®fan@ results in a data

Ical "Systemis a sunmmary or analysis of data )
integeyios sad knowgledgesmianageinest pletioror et ganersdiesrcponedtioss,icogelations, and

af the biol ogical ,syste . d. .. 0of a mammal such as
relefgnps e P anda o e rane feletba et ongys et oftp ot a profile of a
stat@ 6F h YRMbdi¢QBY Aerhi ReQdiis@brofitalRhe bé YHabinad ideligical information to
measur enent techni que, and a bi onol ecul ar conponent

increggsehe mewlgdgesofor statn ofp biodgmieal systerdr  chr omat ogr aphi ¢

f eaf urest:h re i I . .

o M el Pt 3Ty B B e s
distehcHoé faturelpdrachbeatediss dffiled bipkiital systear, @ arfiazatmmal ofch as a

a state of a biological system A profile. ca

. n._be .
hungagn shhgelatrandngIHeq WaRsUERRE: o fepares BPitad ik &-biglpeigal sample type, a
> [

p PP EREert B ol 8L BRI R S b s e o
or cht@nsographic fentymesthei aredn the foet abapiapk, tableosesome similar data

qual.itative_and/.or quantjtativ resence or absence..in
corgpiipp oG CGyRPHA & Sat0! iR loabEe To PR GGG gagation of a state of
abi%Ic%E)c%lé’}fstéi‘ﬁ‘. mammal . Thus, a profile can be consi dered

tobe d set of distinctive bionmarkers, e.g., spectral

or Alprafitaceybapdrisidefekio unadyde angar npge ﬁbipmarkers” of a biological system.
A R rar el odfirelo bRl DipePact FuREE" = 288 s Thhe Bansaript, o

protein or a metabolite, whose qualitative and/or quantitative presence or absence in a biological

system is an indicator of a biological state of an mammal. Thus, a profile can be considered to
be a set of distinctive biomarkers, e.g., spectral or chromatographic features, that permit
characterization of a state of a biological system. A profile also can be considered to include

correlations and other results of analyses of the data sets, e.g., causality. Thus, a profile can
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correlations and other results of anal yses of the data

sets, e.g., causality. Thus, a profile canconprise a
w@bkasabiey of different el enents as descri bed BODVUS2000027022

can conprise only one of these elenents, e.g.,

bi omar ker(s). A "st ate of a biological systent refers

tqQ a conditi I n he .bi o i.cal SYSt
compge PO PEPFSF S5Peal 1 SREPPRT BETFot CREIB ECoRy one of these
ele@n%t @tg bmaké(9! ogi cal system i ncl ude but are not
limtéd to, a normal or healthy state, a di sease
st 4} éstatg ofm hiotagies! syfiteral redeye i a p@ybm@ whjch the biological system
exis géllﬂ’?e? tg%a 54 é)rr]%gtgltf %@gg%‘g’%h%y @ne\e o?g% r?gé %@blgﬁ)gﬂ:al system include,

but 48 pORGEed t)d narrﬁatlrdi‘ &Salﬂgﬁﬁﬁ&lé\,&ﬁdméﬁb@sthﬂep& ploirmatolsyisileagent
preferabIX i,s in a mnmmual, whic _in | udes hupans and
TeSPABIE, A EHTAGP %?ﬁlfﬁtaée abigrhsmicy regulatign (o.2. g@noaggr% gcage Tesponse, an
| .
envﬂ?&?entﬁ?&%og%o gl Stre sg?&g?}é% g‘g?%u%lég&ﬂg%étg n‘agéfler;’ag}%r is in a mammal,
whidnaciudes inimartsend namd)mhmn nemohalk sudhesdeice maisnguintrepibs rdogs, cats,
11i{he pr f|| s are in the sanme state, e.g., a healthy or
mo eiﬁﬁ’% <§t ate. A biological systemis better

Chay BRIRRS bZL8atd D BBi Ao STl sl dtathipRERi NS oy SipBridodldTRie Iproﬁle to .
- than using nmultiple nmeasurenents of the sanme variab

anothecprofite tmdetermine vehashextlg grofiles arpindhogna fide s o) dhpadty or a

d1sea%leaf ga?eé %béo&%glg%l ssyetgmtsi? ggt‘?eé %h%rg&g]fl;edﬁmr@;el ﬁlhﬁ véitiate analysis rather

tharChsTRNS LRI BEddfenidh@yof the Samhd VplaBlecoR3s Inﬂﬂﬁvanate analy51s envisions
Consequently, the analysis of data is nore informatiy

the bintpeioabsystant §s prdoied @S@fﬁ? oripFeory praltinle, ciprantSoBRe 1s treated as if
ina S{}l%}eoél h§’15+ ?a%hérw 19%1{19@ ninénﬁgﬁ'l\éel(ﬁﬁ%ﬁgg%ﬁéy, the analysis of data is

| ca uat'i ng e co
more ﬁhﬁi’oﬁhﬁml alnyl tﬁﬁeatll@ll presldesna pmﬁlqotamt iis mdraroliu'smﬂl peedittive than one that

mponent ty A "bi onpl ecu onent refers
is devglgped |ba§§5tepatbqaé}afﬁwéeaﬁﬂ&mg‘léw§r%ﬂm nguis zﬂt %}B@%}lyvﬁftrﬁh%? on one
partic%l’a?'bﬂﬁol@cxfl’ér@oﬁﬂ)%mﬁi tem For exanple, genes and

gene transcri may be interchangeably
r ef&eFbietholesulie cenpdneat eipe’kmfms tsa olasifdnoheleciles generally associated

witg g RS B ptein- o e arelh S AR RSs B orliet Cpigh may be
mtek&i‘éﬁéeaﬁfy fefe@reBt®h&8InG ate @Mﬁlﬁ)%@of&dhﬁﬂ@iwe&@oﬁl@oﬁé&lt types that generally

genom cs or functional genomcs. Proteins and th
are essneltaieti Vit gqne pxpraa;ssor( inH biplogigpl gystep eaq wﬁawgb%llﬂvyl of the biological

systsﬁn(}%e %réeff {éras (golllrp ox}]:g H?hﬁe Hr?atl %gljtlong )é%gfllg n%f an%l their constituent peptides
(WhashSfgy Bé BrthdnBeddl pteféedeiseRsis) o aﬁﬁﬂhemdnfpl@af 4 biomolecular

and where the |l eyvel of the biological systemis
compepentree that geseisilyivasspciaied @@%W&W%Slav apyl giodification, and where
the Fleleeflqge §1‘r310% %ﬁ gﬁge% pey eﬁe&re@%%%ﬁ%%ﬁ%%% gﬂlyégﬁeﬁﬁ{s also are considered
a bxb’mb&!aolar t@ﬁpc(nmht he.aAnothemgxaneple ef £bioew]dcolaasomperidnt type is

metgp@%}ggsu&y\‘ high q:-;?q)qnggl g ge glgra {oéﬁ%{x@lgﬁcig%h%g Vglg\/\fx tggne%ally are associated
Wlﬂrl@ tl@%?!)%l%ﬁygl%@sﬁ% }dr&iged Bk HEBaboHicR ! ReBBblilel 'iﬂc'hﬁié but are not

to, l1pids terdids, amno acids, organic acids, bil
limtted ©s |ipidh.ctsaids; atsino aeids,opepid ateds, bil acids, sicosanoids, neuropeptldes
neurotra smt ers

vitagips, @8\130 %aglacﬁaélgrat g%oglgcecgrgia%gsn htic185 ers]I i%3tganics, xenobiotics,

peptides, trace elements, and pharmacophore and drug breakdown products.
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pepti des, trace el enments, and pharmacophore and drug

br eakdown products. The net hods descri bed herein nay be
waised/ora2slevel op a profile of a state of a bi oPCLUSHN4/027022

syst em based on any singl e 1bi onol ecul ar conponent type

as well as based on two or nore bionol ecul ar conponent

types. Profi] es..of.bi onol ecul ar, c nent _type . .

£ 2188 s de PRy PRI o PR APEFIERE Pt ER pats.ofa biological
syst&h bdkdd @1 eﬁ?ﬁsiﬁg%’ BilosnoMcukr bb@befin€ &lpe &Y WeB s besed-on two or more
. genone profiles, transcriptomc profiles, proteone
biomglegularcompegendyraso Perfdepeidripmelculanepmppangit typesclpgilitate the

' [ {S. ' b
dove) 04 30 e e R RIS of MRkl Fercly W A TROIBRER P B genome
profileg) hagictiptorniappdited, ppetcome prodilesnnd endtytpdomé profiles, and permit their

. rreasu[élgﬂen t echni qu%,e or. a conmbi nation of at | east )

IteFAUOR al@ﬁyszas' E,ﬂ-ia@; bothe ancthedspmay hared imenaty parcagiaments derived

front 51?41{)1‘ Hbfe, b?&lo%alts‘am?fer &, dnBor fn\b?é fé@% loPPheRfurement technique, or a
a fe s, and/or

sim rities, “dif en rrelations 1n a
combimatjbe obatdeast evarash of e bpdogiod] styple tgpe @k omsasuvament technique so as

to p%ﬁ@?’ gﬁgﬁ%tgo%ucg%irpliq%ﬁﬁ:ggﬁgfﬁe%/ e%n éfgcrépﬁei}q%iﬁgs in a single biomolecular
cp_r_n_?bﬁ%r@%@r ABRSER SRoRRYoRSle88hNRFhpoReM & pes. From these- —_—

i omarkers/surrogate markérs may be detect'ed, and
meappe@erenatieninsight wéo wederlymeduoleispladechanistis shaydiecgriined, novel

. "o g not limted t bl qad
bion AR S AR be Mol BBy Pl s R gvtopea
aciAdibisBlelcdbBsangiaypeaincludes, but Blmeulisditedl kd)ibthod, blood plasma, blood
pericardial_ fluid, peritoneal f]luid, sweat, feces, _ )
serup, genebyospingl flud hilractd, sliya. sywoviak Bpidyplspral fluidgpericardial fluid,

- . | . . L . _
per SRS R, FL oy AR M, S el b i,
lymph msheg tiesueelives celd, epithelial ¢edls, dndothetiall dells, Kidriyreelis Ipkstate cells,

di pose cells, tumpr cells, and mammary cells. The
blood /15 duneg el Hip B L oA edlS; e SRy PCmaPFiZaY eefls. The sources of
biol%@l%ﬁﬂhgle t&]{)@,lﬁ% GRBleBfutidctd e ShRALb LR ﬁifféra‘g times; the same

same subject in'different states, e.g., ‘prior to drug
subjectan tliftament statesad.g e prior toglrug wreatment anddiftef dugriteasmongsiifferent sexes;
.different spegies, e.qg., human and a non: human .
i RPIe PP B ERG Aior TRk nd Pafiath fher germutations.
Furthér0h 0@l 6atal saiiple @y SeiBgy Peedied &ﬂfﬁ?én;ﬁ? fp@lilof fedvantati¥n such as using
__prior to evaluation such as using different work-up
diffesenstvonslstup prafocelpasur ement t echni que” refers to any

o2 Yl PR s GSA15oRirBEAY) 98 s o provis
datalthaliogiefidlin shesnalysisof b sexadid EologRabsisRIE FortegaMplefiREsurement

i nclude, byt are n imted to, mass spectronetr

)t | , .
techpiqygs l)fl,cfue e ate %Eﬁ’éﬁefi 0,053 ARTERIEBE €YD Sk ap«;learymagnetw
s Sl ah e R IRBATERRRof L., o shppoephy /G,
highger formamgrlipitychirtiiRogtaphy CHRLOY sapillaey tiecpiphoesis“CE”), gel .
ctech oy BB S RS oF kB o et pac B o o g
resonN%i%ﬁln%depgucmg ¢.C/®1sc tcasiSL6EMGS, A/MS, M M othe WRants.

", and other variants. RMeasurenent techhi ques
Meapwremgtietephniquegiinchide hielgizicl isuagngauciragmegnetic rewoamedmagery

(MRF doriake R, ahe g o oF RO RicBned B TR BIRY tror i fom

points in space, and other high throughput or highly parallel data collection techniques.
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poi nts in space, and other high throughput or highly
paral l el data collection techniques. Measur enent

wo embegees al so i nclude optical spectroscopy, PdAi/gs10a4/027022
i magery, oligonucl eotide arntay hybridi zation, protein
array hybri di zati on, DNA hybridization arrays ("gene

bt BRE A e oRal WS oneP gy ol Hfagery,

ohg&lnfé@édhﬂé afrey agbaARtionCHHITHiR &ﬁia}al?f}l"tﬁidliaﬁﬂﬁ IDRRAMybridization arrays
positron em ssion tonography, and subjective anal yses

(“gena ehirad. pmrachisoghemic a%%ﬂ%mommqased@m reagbions iclgippacid

. : r
hybﬁdlgﬁt:i#ﬂq gieéséé%a?&?%%@ﬁ% co%l:p{x graglfqéé thf Sﬁgﬁ&tron emission tomography,
and eabsjédtpydranhliyeessuchi asfuhd nglsxf—bdsarﬂ inhgicztlQlatahGp@wTEF or a particular

measyrenent techniq ‘measurement” refers to an
analysis, fitferegt mgasalﬁqr%erg &Ch{llﬁg?S may Jd)@mgp Q@I@gexyynsérument configurations or
sett1H él%%[tﬁl Ond ﬁrenf%ntt@ i ncl udes
asure nts er from a on or more sources. For

ex akr‘ﬁheasueenﬂmt’ar&fm togr élemsentfof @mata set that is generated by a measurement

nmeasur"e gech e includes ries o
techiygRe, o Rty SRE BB e ranor saurces, For
exax%j?ﬂe' £ahth Q8 cﬁ:hvé& FroRfa Mladsarddlent RlcRAgHe RARKE £ 8BNS measurements—-
urther; data sets nore br oadl'y may represent
coll@md lexcthesame mchmwe,rls@e adllaction, qp set cpfrdataed»frrel@tqdm@summents
ne_ ex n data, .nmet,abolite.concentrati

Furt %r gata%gté RRQEe rc} g@olﬁ%regresﬁlg éx)hgc%d)gf 8F diverse data, €.g., protem expression

dataCb&RtdxPEREidh Agtapiebblae ceRRAIN RS dad, Inaghbidiefonance imaging data,
nucl eoti de pol ynor phi sm dat a, and ot her bi ol ogi cal

electraeasdiograum deta, Ceanlyprdaia,ingle Budeotiflsolymerabisa dpspapd other

I
blolgélglélsrﬂ 2 'ﬂﬁggszr j%ﬁ%%s%éﬁb?ee&kﬂl gﬁ{f&ﬂl@ gstp'ggtyofsplecﬁ ltgﬁlr%é],,st%l%m being
studéeddatyasesed asrmé bnss fon ganquatirig xgilven daeastur enent

ass oglal edt%d ascgigat g]egtﬁﬁfgrgicgﬁggertgcalgra%rpgqurggr{t ;gﬁoelg{q%mﬂgthat data set
that %a%ﬁie é?)fmﬁl?écﬁofaﬁ%la‘f &%a thakoPSia % ‘é'}%ﬁ%tt éaﬂ@ﬁk QQethf data

a State of a biological system sets y refer
featgeb datipetnat ¢harastdrizatiormofsaniats of ad)fologlealdastemass oci at ed

W one or e, neasur.enent. techni ques. r exanpl.e,.

{hORrSs Ry BRSSPSRy AL ot § b Tq i aS58HRY Siith one or
mor# Erﬂa%&i[r@ﬁ@ﬁﬁtéclﬁﬁ?lﬁb f f&rr &ainpi MR it 526 GRS With tREspectrometric

grouped into different dafa sets. As a result, a first

meageaeststof ﬁﬁﬁrcgﬁémpk@owp%wwbngmupgd (U dﬁ&mt data sets. Asaresult, a
ﬁrstr(rﬁfaat qAf & qg%fgr f%) glin%gr‘ftgln qoﬁl aLa, r@g Baeﬁ?r%g § F%r%a Sed’g{l% data set may

rou

refeSet é‘onﬁ‘&}/glbﬁf) eaimple nﬁh"&b@eﬂéﬂ@ patladiisad dew sai Yot BRE to data grouped
cl assification considered relevant. For exanple,

bas eéégloaérw}éfa claspificatin copidered relevant Ferexamelfedata a@ﬂocated with the

spochioRi B R LB e p 8 o MBSyt B8 Biyrent data set

basemt&asﬂie araainent ixed to p@fmsbherpieesumeﬁtathe mime hinmple was taken, the
appearance of a sg Ie,,)é[) ot her. identifiable

IPPRAEFICH 0K BSTHRIS: aegiitablederiabier arHEICEERe dat a
SetAdBMINGS) dHRIaph RURRP BlchRfe ANBILEST AR 88 setF Por example a
exanpl e, a groupi ng based on appearance of the sanple

groupaye based oul eplenaeange ofithe sampisendynolude oge mmommaemmcmal group data

sets 1\/\&\?}]166% éxe %gaeggrrelr FE”W&Q ?\]lhqﬂea de‘f’ra se I\@ﬁay 1nd1?1de ons or More NMR

spectra. Where the measurement technique is ultraviolet (UV) spectroscopy, a data set may

include one or more UV emission or absorption spectra. Similarly, where the measurement
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spectra. Wiere the neasurenent technique is

ultraviolet (UVY) spectroscopy, a data set nmay include
woer@so2012dre UV eni ssion or absorption spectraPCT/US2004/027022

Simlarly, where the neasun&nenttechnique is M5 a

data set may include one or nore nass spectra VWher e

t he ur enent techn u romat oqr a
techpidfic FO SRRk hE Rl Sae P Ro R EERECHES Rt Grele mossurement
tech@li@e ¥ a éﬁbﬁat@ﬁ@hﬁdﬂm&}ﬁ@qﬁnﬁke ECINMS e GO/RIS a datadt Aay include
set of a chromatographi c- M5 techni que nmay i nclude one

one gy M BagSEhEIMAte Bragsr Aiﬁrnatwam fata ReterraichEragigerephic-MS technique
OS5 L G 191 il i P i
chronottdpramsv Bpﬁldhﬁ@ﬂﬂtshodddb&t&llacxﬂtmaﬂﬁ terhatdaaset’b@eludes both raw

0E]:Bepr ocessed g‘t renove noi a to correct, a
speqRETGE 5! Lifb ek bR R OF et Beto ISERKS DOkgH P Gprrect a
basdifle G sBbiIZ e HhE, Blefoct pOREGHIRNE! i3 e Jaﬁ.a‘ ers to
any data that may be represented in the formof a
ar éfimctltoa‘mtmc dale’ Crefiars teeamyadptaghatsomebsieprdsemtediat the form of a graph,
i lation i.ncl ude..dat a_f

bl F8Rbb el 1 551 TR AR sUP RS ehL Ry Bioce it Fapapy

specti®RREId @Bhkdrhio FRAR eIMRRfue. Tﬁ@fdﬂﬁe‘iﬂ SERREICLATRBASIGRAR” includes -
-~ by any —spectronetric or chronatographic technique.

meagHANERS TAJe DY ANNEPRGORIc e DERERIAERElA (fchnidNe
StS?fab&éllttlS ?lllf‘[ 1%@@1' ?i? Hﬁclsgedqlepénlil [Ahd gtié%%gpﬁ{aﬁfasisgtfsaépluraﬁty of data

sets n6$taﬁﬁfoahmatysts”am&hdeSIparamﬁmlNa’fall}%isenamprﬁie&w analysis, univariate
myl tivari ate analysis, |inear anal ysi non-| i near
analzﬂ%u%lrlgaﬂ%ana&% inggr Applysis.caon- ﬁ@%wbsw aighother stpfistigal methods

knovgh kd e SR 1BE brt. MHifiva¥RLd ﬁtaﬁrsﬂ gﬁhﬁéﬁ'd\%tegwﬂeg Batterns in apparently

rmnes patterns in apparent aotic
chaqtmcdatwl mcludesLtbut $s nmﬂmhtedltd) qxﬂmbxpal @EmiponepednalysisftP@AY), discriminant

TR AR T -

(“PIYY| YRtiftive BhédrdisctifASdnt GRHIRY 1@65 PLD%—? ‘Neurd? h@@d’dﬂ(d Mfd pattern
I i near discrimnant analysis PLDA" neur al

recoguitipp tgehniqged pattern recogn|t| on techni ques o

?gvldvffs ggkg{?? ge%%or&ﬁn%l%gltgggé ' \égélggl% 5 Fa%v %f%% Iﬂaytblg%reprocessed to

assi€t gih@rcofparisdn ¢fi differeandatdiatsa 18 @hiculan, thbiipetel data ackéss different
conpare data across different bionpl ecul ar conponent

biomgleradar cagwpa?m iLEREE: qpméﬁm@dggprﬁgesgm gherlp de perforgpade Breprocessing of
the c(i?’c"rfﬁﬁgm b (?%relfr%% taﬁéﬁ%tgpés(t,\xjeglf gé‘cg @ﬁé,: %%.,a%%%]#%ﬁal linear fit
techhignesato aliigh pémm‘flsgm df diffdréig Ragplek;s(iip hospdizingahetata of the data

st i S B el b ot ke B g e o
and/BPdeﬂé’dtﬁﬁ% dgea%aé h %e@mg a thiekHold fe@gl%t?%gg Q§ a@fye(@%eﬂ?ﬁ/e Qbtual

det ect | peaks, e.g., setting a't
prespeegied’ asspecass ﬁrmndlomaalrbwﬁmeamisaaandéwﬂaé rother dﬁtaqarocessmg techniques

oS, I B e SRS i 2Rl o cicos i

U.S Dadrént BloS BI7238 885, 43d pasihl nlﬁsdrlﬂﬂ@ecﬁﬂm u&ﬁésef@uﬂ?ﬁ‘ﬂg T.W.E. Vogels et
detection as disclosed in U.S. atent No. 743, 364

al., ‘Reetisd dindanFit] Aidewy NMR Sp@@mcqnyé’sroqqssma Tagl foo BaierinRecognition
E r © A New NMR
Appé%%%:}q/ 058%/’8”_\?‘? r%@ée"%%ér%csfgg]l tl? %%fsgr(lnd:dﬁb(:ogni tion

Throughout the description, where compositions are described as having, including, or

comprising specific components, or where processes are described as having, including, or
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Applications," Journal ofChenonetrics, vol. 10, pp.
425-38 (1996)). Throughout the description, where
W@ oopo%i1es ons are descri bed as havi ng, incl udi PQT/US2004/027022
conpri sing specific conpond#ts, or where processes are
descri bed as having, including, orconprising specific
pr.acess steps, it is.contenplated,that conpositjions of . .
comBfigiE SR, PORRS POt BROGe TS L P GOUuRATaRT §i (b6 Prsgpnt invention
also @RS tThsefially B of 8siistse 8f, FRIMREIRRIYosnpoaBits i ithdt i€ processes of the
processes of the present invention also consist
presentguyantiah plgo spnsigresssotislisef, of consiseof, ghsi reeitbdmroesssivg sgps.
st 4t e ood. t ord of steps .. .
or 1o ule ek od Tl IR B PO B pBINE i B actions s
imn@GeriaDagloas at he ihventioh r@haiheoFdratde, dRE RO Rle of abiclogical system is
profile of a biological systemis devel oped. Mboreover,
devalopede MopsPECTSEW TBPreSEaPE Ohactipry Ms¥ be saBdRCtessimultaneously.
Pk EER kS B S SREA e Rl b
plurglity oddath pets bf ddidogiedl sydémaaibd cdnogiringlfeatyiet empng e data sets to

ccte§RLL IS LESLYT S5, BUNG Lie 021 2. SeLS LG SELENIL, oo as o
devd@1Bf b RIEIOTor bR daf RoRRstoat Gyshn bbed SHTORARREOE L isome -

or a state of @ biol ogli cal” system based on the
embodimpeats, deriafasetoare derieadoeth veepsmotaboldgical saeipde types and include

derived fromone or nore biologic anpl e ;types and ..
meafifeintS oS R off o Biore DeioRusif oples g AR o6ciments, e
data’¥eRSus @RRY oty S sre Hidlogichieyampldgfésmidtifcluddéndi@ibore different

sets are derived fromtwo or nore biol ogical sanple
typeg pp a@C’EiW@eﬁfﬁéll%éfeﬁ%‘i’étsd?ftar?ﬁméled?fﬁhfeblémglqayﬁ@ﬁeﬂ@)f‘

S . u . . B

o1 of SPAEphbSuRAR. HE T Burite BreBRREA o didfsted ysing mulivarate
analg€is. sInastRerphtiodnass edora fithnexna lstagibiiad] bl yids Wipetfomasd @i the plurality

anal ysis. |In other enboginentsk nmore than one
of dafp geth.<n wgious ReINations of fefwphiyel datarais. %dmraqn: thgregplts of a

ri J :

part oG8 Sl GRS, TR R P AP R0 e AR Bl sbiakatly evaluating
a phethtyi Stdaeaktsamdidisg meafiwementadplied feonp pofteiheimthy bindogical system

devel oped ,by separat.ely eval uating. a.plurali .of .dat a. .
and S GHEURNET dh 5 MeLlipe HsRvacrtats iy er Boit elsbliRs if foe biological
systéiehbh SV Aettm3wisy fhecaAnBaRsRhY RbilisYof Me Hakddunehdalyses to develop a
i ncl udi ng nmeasurenents derived fromnetabolites in the

profile &irdhe bialogigad systam thae imcldas bethipnefeins pid sietabbBies.c Alternatively, the

al vsis the . results of the indi v du nal vses to
ol By S Pkl G e Py B By s may be
simil@bodBsevaiabedowieh sthfisticaldhaiBisabol ites. Alternatively,

the plurality of data sets relating to proteins and

rrptAd’@%ﬂgiOtlﬂg, %prOﬁ}?é:agib@M@@q:lgqu ﬁ;g(g}gld.éw?ﬁﬁgclb@ng me.asurements derived
T T e R A —

and b podtabaliteg and a genectpmntisptdad iavedaioloen A ppsfile elso cambe developed from
gene; .a ,Er ot ei n and a gene. transcript; a gene and a .
dataégiﬁ énqlp%} g WW?mgnt@ Fav . m a@éqt%pqx £ne- ang ggege épseript; a protein,
a gehé m&me%?magia rd@ah,aﬁgéﬂettﬁnsﬁg@w L hRiBLAR; &1 Béhne, a gene
devel oped from data sets including nmeasurenents
trangbeipt ewba fetivobteparst &protein aggene, sagule dragenipt tudmsetabptite. In addition,
a otein, a gepe and.a.netabolite; a protein, a ne .
cact{ g S B e AR S Ao PR SO e I S 534 8 irtidipa™ s BB ¥Sprotein

Measurements for a particular biomolecular component type usually are generated by a

measurement technique or techniques that are often used and known in the art for that particular
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transcript and a netabolite; and a protein, a gene, a
gene transcript and a netabolite. In addition, each of

w0 b@sapiaee pernmutati ons can include, in additiPeT/08208$027022
a substitution, a glycoproti®éin. Measurenents for a
particul ar bi orml ecul ar conponent type usually are

. ner.at ed r ement techn que or t echni ques
biorflgilgh SRR e 0 CaPR ST P et i 05 NMR, .., 'HL-
NMRat /st @WM&MS/MS C&Wotﬁ&%mﬁ@éul%ﬂ@oﬁenﬁ?pes may use
analwésl S of netabolites may use NMR e.

LC/MS; S/ MS/angs MSMB- M5/ V5. Anal ysis of ot her

LS SRR SR B LR B e

prepafifil deetsiowelcaliantile Basbd eh @¢d KisthesAcA |c§mp@1‘iéi‘xl€@tb'HéQn¢'é§ﬁgated and the
bi ol ogi cal sanpl e based on the bi ochem cal 1(;gtgonents

Speqtr@nts—‘ém Wo@gﬂnegé? bel caple yefaneisuting &mnip@n@é@ ghipdogieal samples

usm%%g? 56 C a esaﬂggﬁﬁgagﬁ gl?xﬁq) Gi-{xéa%un% Eted molecule subclasses

using MMRaaltndQVIsgimeat}&G ha stude sompeasiyy pngoS@bﬁgtﬂﬁéjraw data; using
cul e subcgl as i ng NMR and roaches to
Staﬂgtm%naém aﬂ%ﬂwlﬁbee%s%@sm r%Of? Hetail &ﬁﬁ&a%an%eﬁ@e preprocessed
data3b %érxlﬁ?)t)gﬁ{en?sﬁﬁ |n¥e%'5\§rem@ﬁﬂs %E sfﬂg el suBQaQ6S6H gl@gulbﬁomrrﬁeasurements-
—det ai l'ow,” to analyze 't reprocesse
of cordponents/uspeg NiiRher MS; ambgunestetintisalpnh]ysisiigbembine data sets from

subcl assesof ori . measur sof conponents
dist i SRR A RSP BT S e anal yor & t o
C 0 "ff?ie ﬂ&hﬁ@k}? PRitfrh Y décincRak n@?ﬁﬁ)ﬁfzhfﬁ‘ﬁlﬁraﬁﬂdof data sets to facilitate
entlty {&rns of interest in the data.
comp@lcm& dlag/das mmmhwmalﬁcwls@mmleumpm r"EhaIm\zqnngn also provides
techgiaqtlﬂagggdétsegm@%%sicg%t nﬁggrr%%g%){és;t{a n@mc]\l;gglﬁgr ggmlgonent types of

suitdbley gdth k€8 ugihg tingr Onoridigeat Oﬁdithbﬂﬁ@(ﬁeﬁq@ﬂicaﬁﬁiow MVIBiedder, using these
associ at| ons/ correl ati ons between bhi onol ecul ar

assoewﬁﬁ% B oroppelatians osilienefaoBsLd irteigsiirgbipmelegplar components to
deteﬂﬁﬁle c'aﬂ%ﬁf A as@t {164 TRIRRITRL | Gdko Eﬁ%lﬁh th&gcﬁtggs;ég bbout the biological

ocl ati ons and/or corre
procpmt; uh@drbfmg?ﬂmmbdmvaﬁons mhaohagive rige toitheddte sats,ds still another aspect of

copponents to determ ne causality anong t hese
thelﬁ?@é]@?@% Yrems gasrribgd dgielh) i sh hypot heses about t he

bi @ﬂh@%@@éaueﬁ IREDRATINHAANL B ugrfﬁn&’wng yofa

give ri he data sets, Is stl anot er aspect
methdiedindodeddereaams emyetidersorta sazmpltteldrela&béﬂ: m.ediﬁhEsuch as, but not limited

to, oy e i R PP Bioh Raeieis et PRCLY, ek BRAM. CD-ROM,
or DVD- R dgd f&ﬁbt@n@lﬁ @Hﬁrmétﬁ@&jﬁﬁkl%e BB 4dBIHGhe @&npﬁ’c@f-readable
not limted to, op di sk, a hard di sk, an optical

medgins fin any HrERIREOF éomnlﬁer-readmstraﬁwewdﬂng@gemh asiFORTRAN,

T N e e—

made‘e Wﬁﬁmihhef schp@ d&bfoe of ﬂmbﬁmdllly@ﬁﬁaedded ARgLAYeSialy evhiRble software
I C and assenbly | anguage

BAS
Suclﬁ?rli?ﬁ@ﬂ of WéSH&Iop%A&C v kla‘e}hm asPeC e applieationmigvides systems adapted
or functionally enbedded
o p%h%%%e??ﬁlﬂ%%@gﬁl b é sof tware such as EXCEL or
Vi SlhALdaBAﬁb@ssm@ de)\twmmaﬁmniesm anhlegapgor d@italosircuit adapted to
impfe)zgn%\lé ‘3‘1 10na ity o? g E)rer(rjlore of the methods disclosed herein using at least in part
information provided by the spectrometric instrument. In some embodiments, the data

processing device may implement the functionality of the methods described herein as software
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to practice the nmethods descri bed herein. The data

processi ng device may include an anal og and/or digital
wa@reosedizadapt ed to i npl ement the functional i t pCDUSNE027022

or nore of the methods di sdbosed herein using at | east

in part information provided by the spectronetric

i nstrunent . i ments, the data 0Cessin
on o g8 RlPRRY S5 PR PG UPERBER AR T BB RANBS of o
com@BREE FRARIdnNAIcBis @Ry YRR RcAHSERGIEthat BRI spectrometric
conmputer. In addition, such a program nmay set aside

meagEEmeBRsqBisitione gajticalanglysis o dmaa@f@e@sl/m@ﬁly deyelopment for a
ff th
B F80Th Sl L0 rhal, AL LRl iy RGBS g ofa e

of hightlsyel amyuagespsmhlals @OCHEMNpMSCAIQC a+b| & BESIAI Further, the
syste I n, such an, enbodi nent, the_ program nay be
pro g;%rp ¢ WHItieRyN 8 AEriRgs mgcrﬂmﬁfgpct@pahqy@p edded in"proprietary software or

ﬁl gvsdﬂﬁ. H%Bﬂ@ﬁreF%%gX%%IS@AL@KSICO fA&’d‘*&%&uy, the
Furt e programcan be wiften in a scr
softwmrcouldd:ve imphabénderhini anyassemddyl haguage dircoediiet anyroprocessor resident on

rC|aII avai.l abl e so

e coB b, ST St e SO i g
it is e &Pl rﬁﬁ'oﬁréﬁ'lBE/ﬂPC RBr 20 ASRE n@ie&oﬁ%ﬁ&‘&ﬁ%b@éxﬁ@&f&@ on-an-article -

“10 a nrCT OE@ cessor  resident on a conput er.
of mapukaptues inchdingo butaeot Emdtgd tcbet qonmueammdaweu pmogramehedlum such as a

ﬂopg)g é]%%\ﬂa%ég rcht‘)slky | @Qntgzﬁﬂ%%a m%,%lre %a'%g né}rgg&g)g or I'CD-ROM.

oNn-Aarshatvhiia F@u@é 1, R6Ha ebbeinioney, tdidhodbd C%uliboﬁflth parallel analyses of
limted to corrput er - readabl e program nedi um such

genegiranseipfy ( @B@{A ), Brofieip.cangimagtabolite @ppntitasive grofites derived from complex

sam{TROREGed 10 M 3 (EEREMor Rl 7 M S0, o vt o
the rahgds emd vatibugdes,fonhly sessundd @enwuhdans eoll@tisvelynbliyed usmg methods
protein, and, netab Ilte{ng antitative profiles derived

Suchr'crsmtewﬁ%szn%%ﬁu gy moksepies t IR P ASIINSe RS apivity, and
| ™

810 ! B RS BEARSHEOL) S B e con e

emphoyed cotrhesddte \ze¢maﬁhﬂts;&zfgénmndgdmgtghﬁxdﬁtammlbtsﬁﬁrotems and

ternrec 1iﬁj?nt0|dent|f nmol ec Iestollﬂ* ene
met %ngrglo Path e 131&1 lgfqrglau%dntﬁ@p%a@rﬁag g 94 theirbiochemical
1nter£9@oﬂ%tM§atgh?fd§§ Sfi’%%io%ﬁ&d %fs%nﬁ‘ target information, This information,

Bi oSystemati cs(t en can be enployed to translate
the extandté wmchslatt&udﬁr gompe of mwhelcukd:s ng-Vgl-:_yn end emsmrgpa;ﬂtway knowledge
pro

thenI arg {ﬁeeﬁgf) |af)sffm Ilenlpgflegﬁl {éf’g@? P?g Cl %hréu%mloglcal context
50 aptoocfé%wpcaqiroﬁﬁtc%@%é Sfthé Blo%g‘i@dl ‘él?s&&na pr of ile of a

bi ol ogi cal” system and target 1nformation. This
i nFigwiaisherys & Heweohes of onoembedimeptaotiancnhlytica meaiied 260. It should

v o SGRA 5 556 0 AL RSO B DI RS RIF G 0B oo

Step§ eaisEAagdd s 108g bs ik eindaiiedint EMMHIRXpesdbla $.el, GapiBlerd R veloping a
profile of a state of the biolo |caI s stem Fi gure

prof;ée §ﬁ%ﬁ$§tea0ffal diologisal &ystsm dne EIBRYIE] Sapken from two or more
bionRdl&duldr' SHpo eﬁt@% rest pLetcigt;ﬁQ uh g1 gﬁggﬁ%&%ﬁg gtef) B3 prior to further

one or no SCril ow can
data@nalytied laa ﬂfecﬁdsrrddftenblfddﬁdsnt,dhe mreﬂSpr&&mmg stejﬂ ajr]ij@ﬂiyﬁmcludes
| ong.as the enbo bl e, e., capable

conqgge ’g%p%eptprr@mg (%the plura 1’£yrmf1 ata se s 1S 1n1t1a1 preprocessmg step may also
include integrating together the data sets based on a suitable schema or data hierarchy. In some

embodiments, the initial processing step includes both a concatenation step and an integration
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profile of a state of a biological system One or nore

data sets 205 taken fromtwo or nore bionol ecul ar
w@orpomErt types are subjected to an initial PCT/US2004/027022

preprocessing step 210 pridf to further data anal ysis.

In a preferred enbodi nent, the initial processing step

step 18 G ip{prifeseie SPUGTLY TR BClul o o g gpResae yaiong foms of
prepBéBsiA@ihcRldesl, biEhdtdRnitedts Hati érﬁ%tﬁjgg,%cﬁﬁ re&ﬁk@ioﬂsﬁa‘@f%ne correction,

sets based on a suitable schema or erarc
and gepkedetgebioni ments, the initial processing step includes
bo on nat ,on step.and an. inteqgrationstep. . The
it SRS ThE AR ST SRR oy preeetene Hen Phivinchite any
meapirebie e qiatifable dspéoiof A HY1EHEAGSEMNRi \FhUEd. NBor Rbfnple, the data
not limted to, data snoothing, noise reduction,
sets PRy dPRIREENE 691SEPRO, ©-4n BTQIRIR RXPressiQn datm. celh exprassionsdsta; metabolite
. ' f J N L repr,ocessi,ng ste
condelifin i ingbbit RSbodilke I Ul Mo ERIBRERTURY. ShOBpe dare.
and/phsingle ahdgotidd peymbainsaedng Statisticatimefhiots gxcAmB IpgincipMecomponent
1dat a sg}t S Fg%/ﬂ recpr esent collections of, e. %.. . protein
analygismay be yhliged to cogugibthe daiassisite facasnectfae WAy 4re gimply a processed
fornFOMNRE MW althon data, magnetic resonance i magi ng data, S
- —el ectrocardi ogram dat a,” genot ype data, and/or single
nudMeans fateoppasing dethissteotetmpletShyatrirsihied phemehdradsitis digparate units
as _principal conmpanent. angl ysis may be utilized to
of e o o dar R AT S ER iR S ol it (A mpgbe employed.
RefeatifPioyFiguiRr0 EQSes dispartieQatal 88, & AN Ation step 215, which is described
. Means for conparing data sets of conpletely ‘unrel at edl
in mgreedetaiblbriowi mAy B¢ spplemeetedinGenerally, edividnel daga sets are normalized by
. S peci ally.aiven the brogd range of data .. ..
scal B HIE° QL et SO sealif Sty eIt Uplg  mpoamun Jjelinood
estinsato Norapdivation feilitatssedompadsdiositatd seatthiesh $éRRne dbPmore
. wWhich is described in nore detail below, may be
biomaleauarepmpanentimssal |y, individual data sets are
not, ' i : | [ .
oA P Stor P2 s LG 2B An i WGl Inthe extraction
step,| dnk ek ntvoe tsiés toif vamponentlp witichiex Aibitamatisdedllyl sigiifcant changes, are

extr g e COMEPIE B GHENY SESposical BReRSRCYRAT, StBpresperificall
bionioSeculeR c6RbbYenR 8" Pﬁ%&,ﬁh&é&%{fx?{g%ég ggzé gge ffied B }éz@{sof the

eX_t racti on st €p,, one or .m)re; ; onponent
extragipe Btepx hhe pxtrastian istsp ityratdlly isvadwisfd statisticallaanlkysis to diseern the

. cted. .The.co nent i cal are bi ol ogi cal )
dittef bt sl FTRRRER e daEhe e SoBe oo i pssociated
quangifiopiubesttditfyeaces fidilitahs discéMBpaitNANGRSIiBRACA! Snd/or correlations
quantified as part of the extraction step. The
betwggh Pramenenve @ pnerp hicraelpgularenipeaent dyes o the bivddgical sample under
inve {é%{i?ﬁ?i s to discern the differences and/ or
Imlarities between the data sets. The extraction
st Byitabheifoans of statigitalutatysisfapprbption fof qinfifiefeMetbange between
faci]itates discerning simlarities, differences,
compagniyPesinFlufe s &nrrincipal component analysis (“PCA”), discriminant analysis

(“DA”), PCA-DA, canonical correlation (“CC”), partial least squares (“PLS™), predictive linear

discriminant analysis (“PLDA™), neural networks, and pattern recognition techniques. In one
embodiment, PCA-DA is performed at a first level of correlation that produces a score plot, i.e.,

a plot of the data in terms of two principal components. Subsequently, the same or a different
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bet ween or anong two or nore bionol ecul ar conponent

types for the biol ogical sanple under investigation.
weiosapiies f orns of statistical anal ysis appropPCHUS2000027022

quanti fying the change betuRen conmponent types

i nclude, e.g., principal conponent analysis ("PCA"),

discrim nant alysis_("DA"), ,PCA-D oni cal
st ST B RO reommdont e dplsbis el s REEPpraps andjorsimilaites
discened fiok previbli@mllysid, scri m nant anal ysis ("PLDA"),

neural networks, and pattern recognition techniques.

| n Fonexasledn nan embedimenty wherqrepooessedtidaia set ifidludds a PCA-DA score

I .ation that produces scpre plot, i.e.,
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. roce§5| ng?i?rra?%l E;e a | Oﬁdl ng pl ot produced b%i@a PCA- DA
ONgALRE, UPL ONPRAEDCSOBIE- 1 GURPHSOBGY PARLAN igagiagpiot gepresents the
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Simiddrlyi, mdhexe edoh ataspiincludes aoplerality of MBCABA4, igtointronta¥core plot

o T PR SRS by G SRR B o
repr&sa18 Al Q@b HEion df B Particulid NVR eRERicRI shift KEIRE 88 BiNgs o?@ﬁﬁes to the
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chromat ograns originating fromone sanpl e source.
correlgfigiarbietyvaen datagétsnt on a | oading pl ot represents the

cort 1| | f L.cul ar SS .0r.. range S
oML BB dpitbesd Rl Gl Bl RRa s G AR R o the
extrastion step220. Tht forsrlationoif Hbardlagbh hatwdrls flicB¥Rpotential associations
S gg ra, a ﬁOI nt on a score plot represents one NMR
amogg

exiacted Hsts spmppaes deyeloppd pregioushidydbe prespdingstap. A

i . i R f .

o801 08y K ERLSHENLS AR P Ryt

biontofedutre compownatypes of Heystme thatledrs is ehidakdediet@ech dles® more groups
oduct.ion step 225,

depi cts a correl ati on netwoyk pr
of sagtEn T4 FOURSTERE 5 COREIA O, 1606 V2 GP & PR@CT R PHTP RS manner.
For Qandplle 6k §! éﬁéa&f&ldﬁ%ﬁw&% o | '
o agsoci _ét i ons gamang the extr ggf%g%@%dgtﬁ gg%sg%%)@r?l&a{%d o group 2 and
the ugesgalatipn ds pmesistentiadrgssajl thi biopogicad dimplesinefuding group 1, then the gene
correl ation,ne rk.is repr.esentatiqn raphi cal ,
and Rl LBRRTEL s rofisfhude ™ o5 B T Hh SR Smponent types also
may ©0 BRR-ReftlafedDBSorebveR, ETeieRN™stBAthY 8f doridltBRYBLRN Shich depend on
bet ween one or nore groups of sanples. Two conponents
how #ightly syichemapsire relptionship iy Aetyvepm onamongihi awo or more biomolecular
typesc,ynchr onous manner. For exanple, if both a gene and a
protein are upregulated in group 1 as conpared to
gr Awpnipasiseh ditye2300is @etfbanddafier $heconglatibs Nbtvatk Pisiedebn established.

t he biol ogi cal sanpples including group 1, then the
The @%Ff‘éat%d‘eg‘w KESIPCRAtioNy GHN T cerPags hoth corelatiqns ead) anti-correlations,

are cgﬁl?hﬁg QHE b¥aluRbOPR-8 %Hleﬂfstiﬁ% @le?g%et Jf%@% (?%r%cft}%gf%%’bigl% gical system

nti-corr el at ed. Moreover,
undeg grvegtigatipnn Thiskine tv]edgh relftesheptka dssociations which may be ascertained from

established sources such as research literature and/or experimental studies.
Subsequently, a perturbation step 235 typically is performed as part of the larger analysis.
The biological system subject to investigation is typically perturbed by changing an experimental
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how tightly synchronous the relationship is between or

anong the two or nore bionol ecul ar types. A conparison
waet@s/02805 i s performed after the correl ati on nRPCTORH84/027022

have been established. Thelgorrel ati on network

associ ati ons, which enconpass both correl ati ons and

anti-correlations, are conpare nd eval uat ed_based o
varafes BB v Br R e B Amcsi of GhogEeambles o
pertEBafi@NiHlA@s, burate abi Balted, intkidicikp @ WL dReriR) AL&R, Efinging an

the associations which may be ascertained from
envigopiasidl speditien oF araking pagthes syitebleaghehgd. i A perittbrtiomaldd emcompasses

. ' . | e5... Sub nt | a rturbation
e RGBS SUOBEEMERS Lo Sp AR gy nd
perf@nshy sutstanfiby theahogiwoakfley oh @Busishs@gtmttd investigate the similarities

i nyestigation is typically perturbed by changi ng an
and/%&%gﬁseﬁ’?g?ﬂ%ﬂ%m@ngéﬁﬁm%ni toring the systemfor a
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P LR PN barh oo, R 3 Es A BRI SRR B are produced
240.aT ey, angresuly efithe pettarbgtions iatroduved dwo meiieal biclogdhl Syslem or sample,

r. makin not her suitable change. A perturbation also

new Sh{BGH S 4E00 LAL HE TARUrobie: SHRYETY. N bait bep H8 arustorelation networks
may ibeQevel BFES 81 HItHBEnWRI Kbt PURIHa85 é&? l@@cg iﬂé&t&hﬁ%ﬁgﬁy significant-

~—performng substantially the same workflow on a
changgssinghe newidatacsstsi apadetermeeddi wpmpaitonds thermté-perturbation data sets, are

B e —
sets WethWhs ddingdrentypebustale prélioud BxiSerintA rés@R$1245. Ofn ddBRion to looking at

perturbations introduced into a given bi ol ogi cal
the siafistieahchngss hgmeen hiowolreutar samponrant twes heforeand after system

g ; . .

pernlfEATH A, Cometufll bt By R eha e HBE ther I, tho comelation

nemdvﬁs?@aﬁﬁn mmr]vbtkls Ity hﬂboﬂﬁfaﬁedﬂﬁg@e and afie@ tt@tbagibh 280 Mfter these
i gni f.i cant . c es in the new data sets, as

wo frstly Pﬁfﬁt@aafﬁﬂ?n?gg’p%ﬁﬂi hege bep Raﬁ@naf:@- FEQRDeR ShgReddeveen

comp&iichits MG sHeREBHNEH Hé?id&ﬁﬂ‘i%alesﬁg the statistically

signi ficant biological conponent types in the new data
setlhemifidy, pdrorasivpe trethe sysype deinf intestigated/camts iterated 260. A

' t.al ts.245. | ddi ti t 0 | goki t
reeafB Toonter R it A Pablei b Simaton 3 waptiieth e
prodhtRSofliRiodRa S t1Rf doBdpabi¥S 6 @Rfit4nt BahbHEneARith the previous

correl ati on networks may be anal yzed in kind.

expetiment filg eompagisor of nesy eeridationaneniwerk asssiations with previous associations,

and QLS BNof SBaiin ThEbarE BB ubtaPr LBttt baGh Rlasions can
be ideatfeOPEI bep@edroniERle FbinoledtlaPEsmSinetNGPEemdIBS ¥QENation and
nponent s and, associ ations can be identified 255.

r

netwspﬁ@ vdaeh gharagigize theinimpaston thetirlogigalisyptemei ng
| CRERRIAELER (R Rk BB S 17 n Al BEF RAAILARRY sy, @ method

for nbhmalynsd geneiekprebdion ddte, ppoethudidta, and efetabelitedeted da@tiSnow described.
[ onents with the

t he comparj.son of significant cq . .
A saigPle TGD SRFEAnAERY eESterE i o SGh AT e ebiniet g Bear model,
and 4\ R EI0R oh A M1 bt RREYAOH Sp ARSI ool APl 10 %arameters of
the identification of changes. The Teedbac oop ma
the niywle] amgt datenthiomthieloptimab stialing fagtar dmseach prray and dye. The normalization
method is generic and can be applied to a variety of data, experimental setups, and designs. The
model described below uses terminology from gene expression analysis. For example, the

“array” in proteomics experiment could be one mass spectrometer run, and the “dye” could
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conponent types and the correlation and networ ks which
w@b@saeties i ze their inpact on the biol ogical sSpGT/E82004/027022

Referring back to the normabi zati on step 215 in Figure

2 and introduced above, a nmethod for nornalizing gene

expraessi on dat rof ei.n data, _and tabaolite | evel
desciibR AT Bimal el Podte SRe Bl e ofer bomoTzilar component
typedtowlyl befahgiGed dith Me diRlePddsE5bedefod, Nt r oduced into a
| og-1inear nodel,” and a maximum | ikelihood
TN GFhElizhAly R A1 SRR L ol Lol 'bgttffe - @l i
paraneters of the nodel and determ ne € opti
g(gsehl.Npy, dreptindexf dY =¢adh) atyedydexnk(kdye..NTheand the variety index
normal i zation nethod is generic and can be applied to
v(v & lvav et Noradaclkladréety @X fitd 4re T, ahmpRk YPSesponding €5it 05S .
The nodel described bel ow uses terninology from gene
N,,expE BSSCoa RN YSihee variety R¥aAmbt is b Fnctidh bRYrray fd dye indices, each
proteom cs experiment coul d be one nmass spectromneter
datag)@[ht isidqlidlg destyiBed BRHAALSSL ) B8 /2 Fore8iRinfshcl #ROnatrix is
uring the single run. Neverthel ess, other
trandfoimnel logaithmicatiyponent types coul d be anal yzed usi ng
the nodel described below. Normalization nodel._ The —
~—data matTix x is charact eiizedop gl;(be gene index g(g

l[...N) , array index i(i =1...N) , dye index k(k = ey
Datd is ded¥ribed bafigk follewiahedsy: i ndex v(v = 1...N) . For

each variety , there are sanples corresponding to it,

so i - C=NN. Sincg:vaHetydashd gapent is a )

function of array and dye indices, each data point is
whergrthejgeneyandesitieiydtectyyars drsordlesl by 11, thesmrthyleffecFoy 4,, the dye effect by
conveni ence the matrix is transforned |ogarithmcally:
D, , Bad theiesrod Sgwtivh by dyy. The efrof fuovtiogis asmieled to bd notneslly distributed with
the gene and variety effects are described by , the
zero aldaa\ané tlicevdrianye ér;,,, ikl ehedyeiardef ie pbrnkijtedio beadietetelefor each gene and
error function by e . The error function is assuned to
varidog M waidty irlies t istiiinggheVAibdliocaQT T AMEAN addbar Bewritten as {i,k} e v .
variance , i.e., the variance is permtted to be
Sincel itef gene and anictp.cstaygavlalyartievtaniedspumdhe hedfiiedt theidibdbution of
y IS nique functi.on of i and k, and can be witten
eXprgsé?lo{nllfélKeli? ca%ul§i é]eé‘érﬁfeﬁieasgene and variety, array, and dye
effects are assuned to be fiéxed, hg&di Slt:bgri %t iDo f
expr essi | eyel an:he descri | 8 (A ~250 4 )" | A
maxi wm%ﬁféf%éﬁb%dé’égﬂ"sﬁatiﬁpz iegs sed to ;o:@gvcul at eI‘t he ®)

opti mal scaling paraneter% us®d t

A maximum likelihood estimation is used to calculate the optimal scaling parameters used to

properly normalize the data. Solving for the parameters 4,,,4,,D,, and o, leads to the

following equations:
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properly normalize the data. Solving for the

paraneters m,A ,D, ands leads to the foll ow ng
weoqwabaes: * (4) Nk gi s 2 = (y 8ik- - - )2.PCI/NSN04/027022

i kevThe optimal scaling factors for each array and dye

are then: (5) so the nornalized expression |evels are:

6). Sjgnij.fi t est d t st met hods. The
The oBtim] #5line SRRSS firyanbe Bl B Ml | odel | and

ap -value may be cal cyl ated_t/hat measures the (5)
ﬂ%{f?bab'.l i téé@t hat tlhe devi ati off’of the data fromthe
S0 qnnﬁj%eé]' LS8R 1€l 8 ut ed to the random error. The
par anet er used for cogparjs ' he fold ratio
bet ween the two chose%"r")v"a}rg’(‘g?}fﬁe@i" To eval uate the (6)

met hod, a t-test is perforned to conpare the two
ch&ignificandedesteand pspistriap methdrd Kwknopihakzadatat may banempared to a

- r tkr Pr.edures man & Hal |/ .. Boc .
multghoB R 3B thne] oSty SUFBRR S 1 postihitty 187 Be deviaton of
the dutd froinahe dull afodebih teeReibutdh eNthe $8RPE A¥orl NBie parameter used for

statistical significance of fold change for each gene,

compgisopdeths fold refiw between thedweicheseatviaptiash d oteyehatenhe method, a t-test is
=val . 1 - al val Wit h
perfBiB S bR e B thoslEvifclel. RREUEIBIR WParlibtfoana
NonparkmktrivoRrdeedafss) Champharo@SE1VCRG, Bogh Ratah,Ue. @000¥. PIThdRY¥rresponding
o@ﬁt he N genes_i.s used. sum ng i ndependence of all
P Vg vers galewlRied farjearh graei gszesgiag heasiatistigalistenifmagye of fold

o 5 g, Ch SRS I ESRIERIS B ATAE g o

to calculate )/RA< | ues and P(p) values is by using the
hoos skt t fiod/ Wyt h..t : of "
Sevenul% S’Jrerlol’%gl ei ng us!,7 e%rteoe Qg%oﬁég g@%cgél%%& dfa ath§ e({vggaﬁ(e}lkehhmd’

P(phrrairg¥serving dNoy Rl Zap i fonarff ofERI TR, FRE §S&dean A@?&f?_ig& ¥{8endence of

the Liver of an APOE*3- Lei den Trgansgeni c Mouse
all geddsythe oaemalltlikelihardnia kstaadtedwithet hod, a study of the
ApoOE3- Lei den transgeni c nouse was perfornmed. A total

of 9,596 genes wergAnal yzed pigeng ten cDNA %)
m croarrays. Sanples were collected froma total of

f odissubpioE Indepbtitnce oBgRgeRiIOdVIOTSY affioversanplificatlon, Wnl Ghe correct way

e (W) 5 mce. An optim zed design of the
o Cai‘ﬁ@aé? } s pRd SHaMyalugs 15 byutsineghe boeisiyan methpd vt the parameters

was
( Hays 4y Dy, O'gv) of the null model being used to general random data sets.

Example 1.  Normalization of Gene Expression Data from the Liver of an APOE*3-Leiden
Transgenic Mouse

To illustrate the normalization method, a study of the ApoE3-Leiden transgenic mouse
was performed. A total of 9,596 genes were analyzed using ten cDNA microarrays. Samples
were collected from a total of four ApoE3-Leiden transgenic (TG) mice and four wild type (WT)
mice. An optimized design of the experiment is shown in Figure 3. The variety vector was

therefore
Vars=[11122112211221122221]. (8)
A t-test was applied, comparing the normalized values of transgenic and wild type mice.

Figure 4 shows the significance plot of the data based on p-values from the t-test and fold ratios.

The horizontal line on top shows the overall likelihood P(p) = 0.05 cutoff, while the lower line
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therefore vVars [| 11 2211221122112222
1]. (8) At-test was applied, conparing the normalized
wQ adogezo1es transgenic and wild type mce. Fi guP€r/S2004/027022
shows the significance plot2of the data based
onj~-values fromthe t-test and fold ratios. 0 The

R Y A T R L F——

are TI8 @nks nAhe H<095 fNky, 16 genes satisfy the nost
stringent former criterion, while there are 713 genes

i ng.h tang Pr ot |n data .fromliver )

s a RaPEiP s BB AR FraptheS et i pre it i ransgenic and
fouramittitf ) kvevd zhrﬁltl}?;!zﬁ& in &&ghﬁe)@eﬁin)éﬁt@d Thevaidah be&aﬁp@ &héf@fa}é

The variety vector is therefore: 5 Vars [

2] . (9) Mass spectrdfmttt;[l@l‘l/ﬂﬂ%ﬁéc]tra vvere sel ect ed )
froma total of four fractions, each containing 1600
pediass smetronBiry (M) speatiarwerp s@c@sctﬁdmwsnotag of foar IAYBRIES Seach

cont% n%%@%?g%%'%ﬁ SB%cg%leV:sﬁeor %%)c%tgg Eﬁpﬁ’ Vﬁ/réﬁl%iiéS g%grlthm which
was MAIRGSR3 o erkUSINesAE bELéidad ks AeédbBd f USE Pafkhbt No. 6 ,743,364.
information theoreticjneasure (1Q to TD determn

IMPRESR pspl aharpeteiveadion s HiSes Wgo_‘[?natlm fheatetic n meahge Qte . __
deteﬂﬁﬁx@ géal ?%fuh?amp_ﬂtgre%@@ ﬁﬁocf pao% t%e%? fr)lg?ea d%\a %‘% fd}’g%o 5 was retained

for ai&Bripesikhe mnpie§(elee St dnord ofif 618)f Mawtdl 1059 pehks tRre selected, 5
mr{qactlon% 454 in fraction 4, and 329 in fraction 5.
frompitactiondn 271 iniectiop3e 54 i Gacsiah 4 snd29Undrastionfe Tée sigaificance plot

is shﬁﬁinﬁlg ® k‘%ﬂé?t TRENY RIS gfaé(? (smslf?lmgg #22 g@t_o(ﬁ bs ?ﬁbﬁ%ﬁlte?ﬂm while there

ere are 84 pe

are §U0jeakSlaith Rk 0% ClRghi8 cisel ﬁm@@&&é HleMRcdskar) 96 BBHARL hioﬂbrmahzatlon
shoul d be perforned on different fractions separ at el

shousilhd: petirmed Gndifforeduit feactidos gpafateiyn a test of the

¢ at t er nupber of .
cy ST L GITT HafY B Pesiia ol e Bt poGDe ks data with
hlghér ﬂMﬁ%r 0B dY&Y! bt RPimeAnEn SyrRidR daliBRS 2 USRS, fSOJ}J@q} varieties, and

This coul d” potentially correspond to proteom Cs
6 expsrpestitirvas serpumicds fbi QQSlleg)tttrhlallﬂcmin@pondltoepm’&bmlcs experiments

pr SRR ST OSP4 S ST AR o . o

Regré#p 81, I N€hionthesy. a4 133143%2002)1me ELpefinfAfld&dth @lsﬁ@w%l Figure 6
descrl bed by the fol | ow ng variety vector: Vars =

and eanzlsp be dpsqu@déwhqf@lozwy vargety vectar: 1 g 2 2 2I 2 3 ] .
he, b
lsi ho claees Bl Panp iR dn £Eaeafd TEde o Sl 10)

R I A A M TR
genef26) 86 ttd ¥@laY mewh bh v €t Yhide Nage ?@ﬁﬁ‘ 115\%0the@§een added for each of
control. Figures 7-9 show the scatterplots and nornal

the vgpigfiydltand; 2, yespeastvelye @fhﬂe astiety S hak éeardfqpeas ewirol hEigtites @ show the
scatt%?cl&é ?‘g‘f?%ﬁl%l 1911085’15111%1 p?lgﬁ %1 &kh gf‘{heqltahgt%esl The (%hree outtf1ers are clearly

seen for varieties 1 and 2. The fold ratio:
(VarielyZ)
(Varietyl) ”

was calculated for each peak, and a t-test was used to compare the two varieties. The

Fold = (11)

significance plot is shown in Figure 10. As expected, only six outliers satisfy the
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anetyl was cal cul ated for each peak, and a t-test was
used to conpare the two varieties. The significance
w@b@bs/oeE2shown in Figure 10. As expected, onl yPGI/KS2004/027022
outliers satisfy theP(p) =20.05 cutoff criterion,
whi | e there are a total of 94 peaks satisfying p <
t the. six

P YRR R e B A S RGBS 8 S despite he
fact b%‘éﬁgu@% h éllxloﬁﬁfde dﬁthaé’ Be %}ggxla?e?l rgl];doﬂn% vvor klagalégp e

re 2. reea tronal es are
mdepatcbnﬂyt 0 furt her illustrate the experinent aI met hods,

ni,ques, and.an tic roaches outllned in the
¢ PR A mp S ke wiek R g digire 2. bices s Gonabgramples are
dlscl%éﬁ"hé}'éﬁ% Rlfthef{IRisRAR %ﬁé‘é}%@nhﬁnﬁl Bih ﬂs te q{u@%1 Gnd %nialy’uc

whi ch describe preparing data set ro’m ogl ca
apprgmhgs eufémdd irhibe ot dlwamnb]usiraltedsm Fogure Rt More detadsd flow dlagrams are

pr 8 LB Q AT RELA. i B G2ty S0 boloca sumple
and ﬂ;ﬁﬂ eﬁﬂﬁbti@lg aundef &thep ferrs, oG mE@BOL S thalexiist éJEI?ange in
andJn parti cular, focusi ng on Steps

Fi ,
abuqdﬁmglﬁgqugﬂ@ thwslpql@ yalae. 2F1gurq§drle 12_|,4a,nd|1[3 @gn baue@rstood as a higher
resollum)g %gcgﬁfg g? Pgﬁg : Ifgﬁniﬁ%g t) ﬁlars tft])]c sin [%03 &fnioblgh 220 in Figure 2.~

Fi gum)Irpfll'uetrﬁthﬁlnlt@tmrgkhﬁmteaﬂis@ Bﬁcdmﬂcﬁheﬁ@ $®plodhtdirelation networks
known |n the literature (Steps, 220, 225 and 230 in

that eanff wsed fo copgpase Higingbverk aéwwﬁpnwﬂh easoslationsomasircinheliterature
(Ste;%fZZtﬁhQZS hhds30/ RS e%lr@ \%2 Iog?] Bfao%(fe Cfmlreg/g{u }Hngxl“&%%olﬁl& d]iglgt%rde of the

- are present o in
111usmtteqb smbhdimentsnindivgduad § 1@res]]]5 29 2e pm};dnt&d witlamabelirdctly onto

. ...oyste I ol o Anal SI S t_he P@*B Lei den
md“‘f‘%‘:‘fk%éﬁﬁ@%ﬁ? ]tle % 140r the application of
ens biolo anal ysis . to a nmanmal i an system the

Exa%%{sﬂt 4 popysleatsiPieiasy dnabsis CABeAPOESS deiden frepsgeyic Mouse
trag %Q@s@ 'c&se%fjﬁl@ ﬁ:aﬁ&ll Sﬁ}%gzx?%%]_gy hﬁ%ﬁ/{%@) Ql%lq{ah?lt) system, the

very | ow densit poprotel n remman
apolipnpiroitein Eée{walemdAﬂ’@E*Be[ce&Mm ADOERI3a transgeptcupdualk evagkelected. Apo E is

ol BERE 8 e oSl GO AL 25 5L s s
rece;ﬁblaﬁ@afaerdl 8 QtaRY oflip G@{Hs‘wﬁhé ﬁ@ér' 081498 artcPHRB Rt 104, 502

nd i s associ ate

(1 9891))/13 H@? AR %*érb@lﬁlr@maaon i crhammLzecﬂ van tadamMvamptjdeitnarfgodons 120-

126 a?h dgh so%%%hv@rﬁ P%ﬁ?be&iwgpm%gemlfég }1? )5[1 ?\S gien ﬂaagdenberg et

al., B'Ebdﬂ:ﬁgemb@ym Ré&. @wﬁﬁnmmssesxsnmwmm VRS r W8l B8R, Genet. 73, 157
are _hi ghl'y susceptible to dietinduced

(198l dFarspspe BYG avsheepressingdumancsROET birislen ars ighly susceptible to diet-
L {
i G AR Sk Bl REER I S5 SNl 1% Recptor
recognithar, (bphwgén fedaamwmhll (Slbvsaiidt théy {ikplay wnﬁirﬁﬂ@{@%e\ﬂ(ltnﬁcrophage foam
nt | ul ar | | umul ation) | esi ons at "9 nont hs.
0@“8}%@3 %gf‘ AReakapii li%é%qﬁ@lar lipidrasrpmulptiew). legprs at Srgonthg4lJong et al.,
Arteﬁés%ﬁe@)Tﬂroﬁ'Boﬁa?b Bﬁildﬁﬁgﬁi %@g?r' C mouse strains were

generated by mcroinjé went yseven
APOE*3-Leiden transgenic mouse strains were generated by microinjecting a twenty-

seven kilobase genomic DNA construct containing the human APOE*3-Leiden gene, the
APOCI gene, and a regulatory element termed the hepatic control region that resides between

APOCI and APOE*3 into male pronuclei of fertilized mouse eggs. The source of eggs was
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ki | obase genom ¢ DNA construct containing the human
APCE* 3- Lei den gene, the APOC gene, and a regul atory

web@sonii2i er med the hepatic control regi on thaPCT/Estodes27022
bet ween APOCCI and APOE*3 in#o mal e pronuclei of
fertilized nouse eggs. The source of eggs

s BB BY Bhnts Tl DSTRRGS: e s it

C57E@35M@to@sﬁ@h§lﬁrﬁ§s%@ﬁé stedind FARRGRRIGnd hbAl 'tféﬁs;_gemc littermates of F21-
Transgeni ¢ and non-transgenic |itternates of

22 genmspiaansoveye quemml@eéq experiniente Al pded wertfed a Aomad ehow diet (SRM-

A S BT T80 (R LORE ERLTR i i plasms

urmw%kl?u.veﬁtlss‘ﬂb saples W&eﬂhl@lfmd frbizef en li@RE nltioses. Th@%‘@ples from each
g es were taken and frozen in liquid nitrogen.
indig ﬁ%w&e thegsubdipided fori sgparalg|cenr expression. Biobrinang @@tﬂmhte analyses.

A

The gcﬁsgﬁi gfe gorﬂﬁﬂgd I?Péﬁ;fj 1? ?gérgiﬁlono %@E@l gm')‘r% p}ﬁes Sf%eégntlal profiling

analyseh @ppleeddndiver tissua,ryﬂiaslmapamﬂ uiuﬂeftekcmfromlmlﬂ @bg kuthAPOE*3 -Leiden
pl asma, and urin

mic a@‘ﬁ{e : ersfsig%P Pi?gﬁldé?\f gfrlsl\tﬂfgé}lﬁe%ﬁ weele ofage AEmtpresRied below.

A Wllgft?ﬁ% RiRUTBledd AMoSliIt8 bord ﬁ%ﬁ%ﬁﬁ’fﬂaﬁd&é@gﬂ@g ofhe ¥R ggen?é mice,-or-inmother

age are presented’ bel oW dtype mce are use
Wordsoéfthlﬁroé@’}lmjl are_the_characteristicsof he

[ rds., as.co
PP A LA SR SATUIE 2o
investiaeidtis BipidlheabolisaV a hadRBediOmamnhdMa SYitaa! §RcitRally Ah&osclerosis
tabaglismin a _transgeni c mamualian system

and Qypeglimderia i ap ARG Sch edesiransaenic mppes. Thpisaopies coliectad 1110, 1210,
13100 s By E s MR érfdoﬂ%%ﬁ@geﬁ?m@er Par Bt

ne taken fromth rans ce
ex%}veg %‘%ﬁ eXE{&SSé?IP ﬁ&}e{rwgr_t e ﬂ to{abpag\i\?%ﬁ%ﬁ\em%cted from
homéxdniadtBdr fissues ﬁ@ﬁ@&ﬁﬂhé@fbﬂ'y'b%ﬁ%htt RBSESy Kisd £}3agen Germantown,
comercially bought, RNAeas agen, mant own,

Maryjgpd)} FpNA W@Wﬂ%@édlé&fmmﬂl@@t 11115Afprqvamtmsmla

comPSFLRAEAL RAPIANAG el TRLGH S, MO, oSH SR SBon

microareayodats agredatyairsdkusngibe Maed UnsGag t §1ﬁ)tth@ UBNPUE]ﬂra@eﬂﬁcyte
(I'ncyt e Genomi cs,

Gen(mllggé}t fgum,%&%rg{):ﬁ%g%q ¢rabedimgpy, %ama}gqlssofokfa%l;mq (AANQ@VA) model
was §e0¥R Yor ARAR! h R aﬁ%ﬁ@;ﬁgﬂ{lﬁ%s thﬁj)gggrgd'llg @e(ﬂ{c J)a%mtlon inherent in the

sanpl e palrln APl at
techiigieer ent in the technl gue. A nRNA abundance experi ment

11 f.ormed on th er t
8 B BA S L4 Y o I . e
embdtiRiehd kk?@é){{p@ﬁmelﬁqﬁélﬁﬂesmshﬁrﬁfzaﬁ%‘ es&dl gﬁﬁ?é&&” gene expression

and/ or patfern recognition nay be perforne
and/ @rﬁ@@@ﬁmmgm@mmb@mrf@mdr &rognémbatimpnipg PARG pattern recognition

prontBPHLusP 4 MBS BTN P B8 RAP A, gene
exprdaslsiohi&hﬁl@rtsﬁ ds DMstaathblﬁgrdduy@ﬁvdﬁNﬁ\I AXRDABSIbA PatloA1bFor APOE*3
pl ot for APOE*3 transgenic mce versus w |l dtype mce.

transgereHlies VespusgRdYRSIBicE s Examples vh genst explession dateIseid d 12%include not
only the liver gene expression analysis illustrated in Figure 15, but also the gene expression data

illustrated in Figure 16 and the gene expression abundance results illustrated in Figure 17.
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only the liver gene expression analysis illustrated in
Figure 15, but also the gene expression data

wo bdogserai ed i n Figure and the gene expressi onPCT/US2004/027022
abundance results illustratéd in Figure 17.Profiling
of proteins extracted fromthe liver and pl asna.

o et AP Ry e RS b M@g&%@f@%%&é'@%@%@fxuaaed
1219 8ok frdded et Assubl bhd flasBl WE}@Izﬂﬁ CHP gp%pﬁ% gﬂe? Zgiﬁ) may be

enbodi nent, the proteins are chem cal
utilizes] to Swithey chirectstirothatsagplep iy ose epbdgﬁmant the mmetﬂseare chemlcally

oA KPR PR AT BB e ot

are frdd@nepifintape fpﬁi’ﬂé@ f230&bll@&ﬂm%teﬁﬁer]tﬁg 5hrohﬁtc%‘i‘ﬁoh steps 1220 or the
ra

enbodi nent mentation 1230 is perforne y parti al
cherpigal ppdifipatioss st%lhmér dn eniemboliment Hagwhnistion b@m}atpmyrfonned by
w 230,
partl%f %lgél%gigec CﬁrQ rn?; S &%oxﬂé%%%ntto%%aggy St\?e\:lpﬁﬁgg may fol?ow the
fragmhmatmt step amiy and epnak? a&atrbmem step 1R40I map Follova tiBAREomatography
mis used.to quantjfy the

ern rec Lt1on
step 284, el ute SRainrerot P BT A SI5aRs g R TGS ol ubed 0 quantify the
protélh§ OA @S‘Tﬁk&bﬁﬂ% %behﬁ? ﬁfekﬂo’d%‘ég} A8h_ Eg utmh%d p E&Bﬁﬁ@ﬁm’iﬁa&f the proteins

- ~be pertforned her mass spectronetry
may i p8yfetrecrhwith sithébraasp spestrometyy of BnaSydtema‘ﬂesj d ata sets

2 SR B A SRR 8 e 1

ill sfrﬁﬂe@ﬁﬂt ity plas oL ENISYARIGE Shrbh@ 1[0 *
! dt yToe ?n@ce In Figure 19, TI Csﬂ%fge?h%@f s?/sf}ﬂ%smafromAPOE 3

tran%gpla}f: mee s Wikdtyre mies. & Hignteakde TEGIstfram 86V WSt mbfiking, which can

elucﬁilh{e sﬁf)ﬁ@ﬁ@téct?ﬁé %fféi‘&#@% A seht%“}%z ﬂ%otﬁ g Sg%?% d ga£:d|61|9 1 ltlsrtra t[e the

complBKiltjddﬁddaﬁﬁ s@riQds eis théyedre H0Rlep@Pbicdtr BRAKDO00 Eb%i)d'efbeaﬁs Figure 20
|IIu§{LJé@ge LC/ M5 chromat Qgr ans acquired from t
ilusgptge At RRIEME PRAITSf ﬁletda%?ﬁ?éémépw%s affiye transgenic

mice dél}flq“g}r@' n@gdtﬁgeemf@ec 8n E%ZQ Ige@dl %Hto?. s m)fn-l Tor ga'u‘?%mg 2n LCQ DecaXP

(ThaﬂmsEmn@ADx &ﬁmaktsu [§A)equadrupbledpn tras maspepetitanetesyseyst@ipped with
c&ﬂgged wWth an el ectrospray ionization (ESI) probe.
an elgg 3y GG RLIGH Pes extracted fromurine and

pl asm, Met abolites were extracted fromthe urine and

pl Reefling.efmetabekites extragted froms usingndploxma Metsbplieg were extracted

N

dimensiogaln B 2R 131 5nNMIR sp)écaﬂla:m mteampleaofcamm OB PAYiata set 1340

o B R D LB DSk Sttt
bya Hﬁérfﬂ%@l' 1hb@SicHATMRY mBRb lﬂ% M‘Se rT%qu&}ﬁe@T%%%bﬁt%s 9825 may be

chromat ography 1330 and nmass spectronetry
charac@erg@d by atseries délhaom@bgmﬁhmﬂaﬂrandmmse spestionetry 1385 eteps to generate

o A SR B Sk S LB 35T gt

usinghOyWISi n Fi gures and 22. Figure illustrates H NWR

spectra of netabolites extracted from plasma for
Ap@dgp lgseff anbquzsgata sets 1340 are shown in Figures 21 and 22. Figure 21

illustrates "H NMR spectra of metabolites extracted from plasma for APOE*3 and wildtype

mice. After referring to the -CHj signal of MeOD (8 = 3.30), line listings were prepared using

the standard Varian NMR software. To obtain these listings, all resonances in the spectra above
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mce. After referring to the -CH3 signal of MeOD (d =

3.30), line listings were prepared using the standard
wy/arsaen1bR sof tware. To obtain these |isti ngsPCEIUB2004/027022

resonances in the spectra &bovea threshol d

corresponding to about three tinmes the signal-to-noise

i re callected and converted to a_ data file
2 thieShigl FOTRPPEGE 4 ghout Hirs WRFTEE SkRaHpeIciscBRp e gadlgsted and
conférgzgcga ragtg'(ﬂlg g%rhﬁg%tﬁgab{@cil%ﬁ/sstﬁp&faﬂ%%@%@gﬁgéatﬁ}a ﬁ%ure 22 illustrates
masgi

mamagnmoﬁ@am hpiSe teorded fusing LG MSafok APOBA3gmdesildtype mice.
1-13, in one enbodi ment, the gene 1125, protein 1245,
an (Camblaing Data Sedsl ORd&trmgSimbB teFiguasdllyideth ok dadicdih&lt, the gene

o dete ne nmol ecul ar, _functions and el uci date
1123 g it s SR A e s premairirmacatiet o dsegranine
mol&ilar Fendtfohs h&?éiu&@aﬂe'c@ﬂul%ﬂ@cﬁaﬁﬁﬁﬁ n%‘?mn%r f LE1i8; forir?élgs tools can be
ata sets

activity, and netabolite dynam cs.
utilizgis link340e rasponsahpretsireattivity sandatetaipriisg dyneasies. ifhesdagpsets 1125,

12 80 o R Rl RSB eI s i ctrne

Figih@R)s eAh IMPRIESSLafEdYihm Y IREQ Y ANEcHHRNYRG
& In );not her enbcljagéf menCt h?ieslr MPRESS al g%rl thmis i&g@%{@both LO/MS

chroguategrameandNMR sectras In aimither ieptbodieat, BARDIBRES Bialgonithm is used to

d fromthe preprocessed
senchlle J0T S8 Pt B P A el ot e it h
st & bsd e:rﬁbddlmlﬁli, ysth desvedirdib 3 prégiobessdBdia stopi1i 3811250, 1345 is

n:&'l of statistical anal éses are described in nore
treatagt"’é |2 sksistieal anplysip slepdd>ddas: 1B3aa Sﬁﬁﬁblgéormsmfﬁtaitlzwl analyses are
d O

L) A AR Q0TS k904l 0GR g an ANOVA
algogthap, Insmotter nmbodhmepe mbnnai&dtlmnodidus afeei ﬂlé@dt&tluﬂlaﬁ@lysm step, which

may b5 Detipine LostiBe e e AP e e FARC, e i, a opg epBpdiment,”
dlffeimhﬁ@s;&%ﬁ@lr@h%nbms faféﬁid&{tﬁie'd%ﬁ tfethctBP Qe fh ene'r:étQ&*Wthe statistical

23 depicts speetra treated by the nornali zat Fon st
analysis . | ndi vi dual gene, pr otein, and netabolite speetra

R RIS R N R

and m@ﬂb@lﬁt@ RpdcRd a!rdﬂﬁ@m@h%é@@@g fh@ Ghddle]l 8RA8EbSIEBovE rhnﬁ'tﬂéiftﬁe individual
the data nmeasured on a biol ogi cal sanple extracted

nom‘f 187 FRSGER arc; cpefatengiydigta hengle fesheranectamn.s pelbignerd3, the data
meagfréde(grf a Bﬁﬁ%ﬁ@a’l §%ﬂpl§%§8§&e&§§ﬂ3ﬁ&%g Ih%er C[?sﬁﬁg@&%%tonéﬁgna%ed spectrum,

per ures rovide

dlreqt chmpamsm)hla\zﬂ)ssahiondjldfmmr compbiieit Bipas il be pbrfamddysi S
E 255, 1350 and the subsequent inspection
%“ -25prgpide enlinstraiiye qrpkodimgnt afthesstafisticalianglysis step 1135,

12553 ‘TB% M@ﬁh@ 5 sBiitnP r%%g‘g%too %E%iahﬁ IZ%O,pfi%%g.e %F gLoSP#% ?fs 4}mpl1c1ty,

het hod can be exte genes’ an
only Hhegproteirpplasrhi estlyad Byresenisd dnit tig roéthud tali lypextémidd €o both genes and

metaga%%% a I%T%g@ﬁst%q%%n gszr}tﬁrggeor?vg yfggélg t f or rrE/gPOuﬁ’l“?a ?ransgenic
mouM&.@eepérfd?ﬂlea %@Q’g afpd-ba 1295 ¢ @t bé}ﬁlde%ﬁjﬁfag c;:f]até h@WindpBetion 1260 of

1%ur e 24 reveals that the nmsses of
the typ pistipeilpsigrs shaven inftigete 24trevesls thitgbe magss shtmdonshiifferentiate the

two %}H?[? £ e?%uré .5]59 KOO thg %a'ss%rs] ?f ﬁfc(erf)legﬂée {ofls g)l(}ggiltl;lg (s:iagnmﬁcant differences

plotted in a difference factor spectrum. In one embodiment, a t-test is applied to each of the

differentiating ions to test their significance. In another embodiment, loading plots are used

instead of factor spectra.



10

15

plotted in a difference factor spectrum In one

enbodi nent, a t-test is applied to each of the
waledosme@Ent i ati ng ions to test their significank€r/ubmwo4/027022

anot her enbodi nent, | oading7plots are used instead of

factor spectra. An additional mass spectroscopy

Ut BT B R e RS 1By 134t b0 R6ES povirmed to analyze
furtiex fhddprotedsC WSS %P ﬁié@ab%h’ée@ ies Rohidit %QHEZ}%% NB6vd £Yif % %Shpidlabundance

one enbodi nent I's used to analy
level. na %le@!‘@odgnelﬁéﬁﬁ M§ 35 used toretalj antled;entﬂfmtlmrmmhﬁis peptldes or

telns i des
metﬁﬁg?e exni D dt{leqzeﬂ{s%t 1%6519? ;Pf‘gFlgﬁuﬂePE%% O%H%tﬁﬁ‘ghts% @at exhibit a
stamstdsanpisfgn&ebaﬁwhaﬁge il’eederm&i@atuuhﬁlg%ﬂl%%éxﬁal ﬁ&lfeIauéﬁétQp 1140, 1260, 1335.
126 1335.. Subsequent to identifyin
Subi?ﬂa?féut% idenfifying @bgeneérmomamtldmgmgmaboh@ 0143,38%0, 1365, a list

ol Lok Sy £DBSR 900 R 03, BEAL U5 538 i, 15

futufeaonfpatisere conpari son. Figure 26 depicts an MS/ M5
enerated by hydrolysis of

t f th
¢ hEige, 26 frpicta 2p @@Néﬂsw ¥ Gaspopfes epersstchydolysis ofthe

10, oSSR BB TSR RS oo

peptisierfyramedts; whichdiat labelsé b7-9d 7 1ahdaty§iyhé qre omﬁpa[red\lm & Hatdlsse, so that the

prot%%a nq?:g‘gﬁ%@gg?%en?%eéa% . frgﬁfegtap Se g%?l;% hmk%mfl@to the

idenfiflcation stdpi 127D a4 Fi mh@aﬁ@ drhguIRy I '
e u?ﬁar? As\dcﬁ))ES whi cr%gfgs t he prIc))tellh |ér%%‘feﬂ§5}cr:§t€ﬁblﬂc q%dﬁhuman

ApoE$ a\fhs@elﬁ ithe praiginpiniraduasd byThfbtrensgeﬂuc Sttamliu&eeelohey
'} TSR LR, SHREN P B LRI s orgenes

protm ag@ﬁfeta%bﬁtésl TIThﬁ(IﬁDWQs Yérlehhted BRScHd Hih %%51563172% , 1370, which
which are illustrated in Fi gures The extracted |1 st

are illysistpddndiguessly - bbr Thaspdigtediist efrompenents alsp cetrespbnds to the extract
llstogewg&%ﬂtssst mlﬁ%(}% poFigure 2. Table I. Key

rentially expr ssed bi onol ecul ar conponent.s

Tab]&b%x%e&dql dm:;ﬁlal XD rss%e%)e%?mp@ggll ecuLar Co g@%@gg@g@ﬁpoEﬂ

—=

—Heat—sheck—70-KbD—protein-3-—10 -Cene '—_\R’) RIL KEN_.cDNA
Bio %ﬁﬁzwmﬁﬁﬁhtm M1l Tri gyceri des 2. 59| Fold Ratio
COMBACEHIPE te M 7 DAG C|, 20:1 1.92 Metabolite M9 |(ARDE3WT)
Gend-16: 0 1. 085 @epf G 749 e%iE’&lR)‘cR% 1 BRTOTY © l\ °3.10,.
Gend T OL €T T T 3G9~ FABP (T DNA 373 MME“‘QEF T 2727
Metablle © 10 1t of oge! TEyoetides o 2.59
Metabolite M7 DAG C18, 20:1 1.92
Metabolite M9 LysoPC C16:0 1.68
Gene G 7485 Apoptosis inhibitory 6 1.51
Protein P 1059 FABP (fatty acid binding protein) 1.36
Gene G 1615 Heterogeneous nuclear RNP H1 1.35
Gene G 693 FABP (fatty acid binding mRNA) 1.33
Gene G 1032 Translation Initiation Factor 2 1.14
Metabolite M3 PC C20, 20:8 0.94
Gene G 8147 Apolipoprotein Al 0.76
Protein P 744 Protein Kinase C, epsilon 0.74
Protein P 451 ATP-binding cassette (ALD), mem! 0.72
Protein P 1439 Heme oxygenase-2 0.64
Protein P 1362 IPF1 0.59
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Gene G 693 FABP atty acid binding nRNA) 1.33 Cene G

1032 Translation Initiation Factor 2 1.14 Metabolite M
wW@20§02805 20: 8 0.94 CGene G 8147 Apol i popr ot ei PCOUFHI04/027022

Protein P 744 Protein Kinag® C, epsilon 0.74 Protein P

451 ATP-bi ndi ng cassette (ALD), neml 0.72 Protein P
1362 I PFl 0.59In

1439 Hene, o0 e e-2.0.64 Protein P )
one” 8tb 8‘6‘%’%@%%?{3 Sl @BQOE%PgﬁﬁP@EQHe&FS listaijariehled are
norrhale@ o MimbAtth8aringiiconffafiBdd £86ks b?&n@le&ﬁﬁlemﬂ?%ﬂbﬁ{qg}gés can be
compar 1 son _across_ Dl onol ecul ar conponent type can
perforapgde rlpaaothenembastiment, tetistivfEomolethler tommponshis listed in Table I are

' | ar onent.s.listed in Ta .l _.are used to )
el B R Bl B RBi 4Eb  AE pRh 55 sdSr20
Figuré\14i Bigee 27 ARgirabLDdeokfolilionhetw SR tvidbn tidHNE & component types.

illustrates a correl ati on network between bi onol ecfﬂar

The ngwysk ares Prdveed withe nasdineadGA deaswiedaureldtion and Blustrates potential

-1 £ r rrelation and,illustr.ates . .
wsso Rkt RERC LR Al B RoRBhRE fbbRBRBY liscotiPiBh Beyiog asociasons
thencuayplomemiysareditvexisting &howledge fioinwhe kitedstRGr dtHe pEblid@Fformation

knowl edge fromthe

may ?e conpared to exjstin om | )
sourfsy BRI PEeRongE TR Il Tewe draratepdd2a GuFiges, 14ufignre 28
1 . j ' A 4 i.n. e
llusEcs S S0P e ooty bbb Pt Softcflfiof hEROC Eogiftion and
publisbedinfomegtiogt ween t he correl ati on network associ ation

blish i nf ti . Ref ' back to Fi
S iReBitng Bty 0608 TE vl bbadmee! adops aborasmor
assoGiases it B0 andlViRl tQHGe@nal ¥HathtQs 91?&1@&?‘111&%152% %ﬁ%(%ﬂ@ is

.or nechani sns of action 1430 is depicted.
depigteq. ot hokrowmielaona mal pz adalyzseddetdeteninive Hipoatkelser sneohanisms of

. [ 21 .10 one enbodi.nent, the .
ectiof30TL 08 SRR b3l RS o R AGGHGhy e ip dgrermine
assocsiswecarglt davative delattotBhips Y€rossBiaibRBERI BSmBSHeASSpes 1435. The known

bi onpl ecul.ar conponent types 1435. The known rel ations
relations BlspmAYRe Wedlp ddermincasievietivesind crusativerlatipnships across
. ' ' {40S acr oss bi onol ecul ar conponent
blonftb%gza}ﬁ%gsﬁigﬁ@gﬁ?ﬁfto Figure 2, in one enbodi nent,

t hBetmybgm Figupe, inofeanReBmeisths sadted iapausbed 185, As stated above,
be used to produce new data

rbed system then
the pBEHA S5HerE i Poed RRPORRETCv el o 160 sogteltiopnetworks, and
new B&MRidh RFRVOM RLPARDD Eé%feede(élﬁgiﬂgltﬁ@cah% S?%g%lﬂgms of the perturbation.

mechani snms of the perturbation. The pe ons

The payairkaions o theyysieminayrtetitedatedtuntil cansss adlatiosk atd detsrane] between

ternned bet ween | tiple binolecular conponent
mult&?iep@gn@ PO%C?WBO%‘?%%FT(HS determined froma systens

bi Bloagthe didtharkbis defetifink@ FrohPa §y3&nY Wology analysis, similar to the one

described above, markers that differentiate diseased and healthy populations may be derived.

This information can then be placed in the appropriate biological context to determine, e. g.,
when a marker can be identified as either a causative agent or a downstream product of a
disregulated pathway. As described above, comprehensive gene, protein, and metabolite
profiling, coupled with correlation analysis and network modeling, provide insight into
biological context, and this level of knowledge may be used to develop therapeutic agents or
may serve as a basis for directed, hypothesis-driven experiments that are designed to further

elucidate pathophysiologic mechanisms.
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descri bed above, markers that differentiate di seased
and heal thy popul ati ons may be derived. This
WO pdosiozEes on can then be placed in the approprP@r/@S2004/027022
bi ol ogi cal context to detertine, e.g., when a marker
can be identified as either a causative agent or a

str t of .a. disr¢ at hwa
odiein 28 THREGES Sl S B yligcrahRe 6 fimapgibiomarkers or
therfifufld Qfdrit£thRt &ni Be d%glve& ﬁHﬁh' @@sﬁ%ﬂsmlﬁggi §1£ I'Descrlbed below are two

anal ysi s and network nodeling, provid
exarpples gt dhlﬁtr@ts mobsaly tymehl systems ’@vhalgy(ahallymy\bxﬁdxm myrehmaﬂed

B L L A T AL TN SN

detesthide (iheﬁ mgy an&loth%tupblﬁtﬁ:f agehtd Ghélald Be BRI BRI Whi! 'pﬁthophysmlo gic
chani sns. Fiqure 29 illustrates typi cal "offeri ng

mechznITABICIYEE sstudy.n terns of bi omarkers or
therapeutic agents that can be derived froma systens

Exapipld Bgy SiwtampsBivlogpetabisbarf thed BAFSS L didan EmumnésMouse

th t I t

n3he LLHERE 0 20080 ALY sHBLER, 5B BT S i
profiling ahalfyedsmppliedtodierer ﬁ@sﬂleg‘fl@ﬁiﬂd RBS Brify kOB of \Qil@%e and APOE*3-

anal yses is enployed to determ ne not only whi -

Leidepgpggdat W@reafgé ﬁp@ngarl@bm digs and sasrifiged at wgelmf@ge are presented

belo%‘itmgll?%gb gl{l Bmﬁ‘ﬁ)%’:gl 03 Rnﬁ]%“gﬁag c a#g %az}rfslss }elxjfge}i ‘the presence of
earlyﬁnﬁé’ﬂi’eﬁs- dfq:rethspo'ﬁrtmmstg drseaSel\/EmsahtT&tﬁ résaisbf 5 c@ﬁel@tﬁiﬂ&ﬁ%m are
éffx res}s(lo qubIe protein, and |lip

Suggaftf‘fe &REY B emﬂﬁ@ SPARINgIeNes, Broteigs 91@51 lipidgr that undergo
cmxkﬁ&§ggm‘glasna and urine taken fromw ld type and

APCE* 3 Lelden mce that -were fed a nornal chow di et

an | esent ed

Ao SoFREI, AE2 e BREITel o S PR Boroccing
twergyrad venikilobase@zhomiveDNAasasaet ofnteialdgthehiked 8 POE*3-Leiden gene, the

edlsp03|t|o to d sease. dition, results of a

APQL, geupza0dGH T‘ﬂ%? m&%’fe%?gg‘@% gﬁgpélc&pnﬁ%ltr@glpgghaéremdes between
APOW SUAPSE*3 §I& ﬁfb‘lé‘}%&ng EDf feﬁ’ﬁﬁ%&f ﬁ%ﬁ%%ggé ' ’Pl!legﬁ)urcetd}%ggs was

under go concerted
superavagese(ti SO BYOU sCBALTRF hémaese Tyewsgenit dolurgr mice were further bred with

ect.i t went seve ki | obhase. genoni c

eTRURL RGeS SeataTrig FEORBOR 9 GraGRISgeHe Lippestes of F21-

F22 tioB€ RRre wad 11@tHe§‘<96ﬂp@hﬁ1’éMtse lagrBRde Wt iRith ﬁd}ﬁlal chow diet (SRM-
epatlc contr ol g@on that resides between APOC and

HapoEarms, Waesrdam, @hp thedhrds) afid faerificdd dednawerks, astg@sch time plasma,

T et

indiviidual hete ee dubdliviteClof Bdpabale BerieaixpredsibARIb&th, Eﬁ@ﬁl%%ﬁhﬁ: analyses.
strains. Transgenic and non-transgenic littermtes of

F2Livel £én&etjfedid R "BothBHhRNUS R &S é)ﬁrakﬁﬁ%xﬁ K@ﬁé%émigd%ver tissues
All mce were fed a normal chow diet (S

using-epmmercigdyrpaght, RAGA ey kisy G@agm) Ganmarsamn .Mawwd;u mRNA was then
exueded Sl Ao S RN oI i T tiro oy e OlfStex i (Qlagen,

Gernmntévag Maryldnd). SGR @prdstiointaerrhydity M@k@écqﬁﬁé&u&ﬂ@ﬂw Mouse
ubdi vi ded for separate gene expression, protein, and
Um(?péxte apePitekclANA sy IncyteGenomics, St. Louis, Missouri). An analysis of variance

(ANOVA) model was selected for the design of the sample pairings that optimally reduces

variation inherent in the technique.
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Li ver gene expression. Total nmRNA was extracted from
honogeni zed |iver tissues using comercially bought,
wobbbeaz2ki ts (Q agen, CGernmant own, Maryl and). PERNMBES208$027022
then extracted fromthe totB&l RNA preparations using a
commercially bought, digotex kit (Q agen Ger mant own,
SSi O[IJ m croarra
Vit

Mary.|
e PR S E B B i peEptt uated Bnoprrohied mortar that
was (k'eﬁ@til@@ﬁﬁ@ﬂé Sdditicd of licﬁhﬂ BitrolbrS SPPER) pr ofé'ih cﬁﬁﬁ ?ea%%nt (Pierce

vari ance (ANOVA) nodel was selected for the
Chenreal Egnilaskisad.r ln@ss)nwvatthammddndmﬂ &/uln/mgmfeussua ranathemample was
i nherent .in,the te i ver tEroteln prgfllln

furthe) B0 Reniel] by Sorlgaen, Spuples Wats Ber pontiafuge et §tizgg for 5 minutes,
and B Jupérnbfaats coBSctéR pRelﬁ@JIedto’t’Ml biotdif BoRitirhti AR v&fre liétgﬁﬁﬂed from

nitrogen. T-PER protein extraction reagent (Pierc
integygte; vele- é@omamgém@pﬂahqumsnmhggl bevasinteloted lmlddmfzeaﬁtxcﬁlswn

il S S S SR L SRA Sl (oso B, Toso

and ae DO Pdckipgs Uatimae, g @)161@3( Mafikdi NT$, T@Rdlub&&ample complexity, the
supernat ant s co{m‘?ct ed. Relative total protein
Pfot@&r?&%?{%tamﬁ Bteee Uastiongied aiavicrerged-phase plﬁto@@tcar@dly on a VISION

oAl F5 AR AL AROFo Al AP SERRL) DAk At SPBR From —

intoa oh chro t’ograp

colupon@itst il 6Qmod) (ApPlipd BiGYEeME FBSﬂég@ﬁtyp@dtlel‘inz()‘Eﬁ@tﬁbas eluted with a

and.an .LC Packings, U tinmate punp
Wt 3P BRI AL DD e m%tenr%saa%egofélah@t@ﬂwme@ﬁ.aw (TFA). Proteins
werd HigeREDHRIrMaRY H@ﬂd@lﬁ’e@ﬁﬁ@re\&ﬁ 1Brl@§§a{/1\q Jafsh ﬁlamcf‘ar onate, 5 mM

rever sed- phase chromat ograp y on a rks

calcipapgilondt BidoymMedithiothositobat T°Cyfpr ﬂahmimm aﬂt)y}mmnlp 251 mM

[ H col um
IOdOB?%%@Péh%% %Fg ?8@@%& angééhqnfdég%reé)vvlﬂh@gg/)w\fazé/vvérmswprotem) for 24
water/acetonitrile (MeCN) gradient in the
hourgra{eggﬁﬁce of 0.1%trifl uor oacet| c acid (TFA). Proteins

d d d d d
M SRRt S amatishse, Ll hr an e SaRRC P dersa seeotomplay (LO/MS)
was géltf&*lﬁgdhfsﬁigta@ L@Y ]je'éQXf’ gﬂéé%?lglm g,f}aﬁSSaI?j o8y @AF&%&L&J&R ion trap

mM i odoacet an de at m nut es, and
masgiRgeEemercnistenoc@IpILam Wit acrwimtm/srmam u@llxa)tmhqxro]ibél TheutG component

consfteatlen b alsE Do BReb™Ehim biinl pymp (BrovmpFigpizan. Son Tose

CA)pSuinplesedraisispendad it @Qbile plaesP atd blatedlnionsh 8 3 daSRW-TFA C18
CA) quadrupal e ion trap nmass spectroneter system

001%&?%%& T0Wos B R (EraeMveap mypqr@n%at T cplumvevastiged @ 50

AR SRR il S RLNBICE AU RN A e,

95/4@5)0 0430.0p) ﬁﬁ/vwmﬂ/@mbsmm}aﬂby 8 ligeki glraﬁhaﬁ %%& mﬁnﬁ‘ﬂté&tts 5% Solvent

throu h_a VWdac | ow TFA C colum (1 m )
e Ay Aot AP P 2/ 7SEAY0 04D e sokivei vakisolp) Fbaclceitospray

oS TS AT SRb F S e

and audilfarp gAv/settingg Werd 2F bod\@ dniy réspbdtiveBt Fk adhiTicaB¥e6r thptic
ter/ MeCN aceti ¢ aci d/ TFA,

es to 75% Sol
PePt@nSH %8} 6Yga ponsste Qfg%?l@% ¢ My bieag B135S SPRREUR) asaviFeskeay/z 400-

2000 in the positive ion mode. Data-dependent product ion mass-spectra (MS/MS) were also

(o]

acquired for peptide identification using the TurboSEQUEST algorithm (ThermoFinnigan, San
Jose, CA).
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i oni zation voltage was set to 4.25 kV and the heated

transfer capillary to 200 C. N trogen sheath and
w@eoosloe|ey gas settings were 25 and 3 units, PCT/US2004/027022

respectively. For quantifiéation of tryptic peptides,

the scan cycle consisted of a single full scan mass

Isgﬁft { (L]iépla ([:Bg?t;ﬁ plgwgé#ué ng %@@zze?cg?pdhglgggr%ggqsr;dghgg extracted with
20 Mﬁl@éﬁx@%aﬂ@? & 1Ak 6911 &a8 t LEG1h ey (Pﬁé(ﬁfﬁ&eﬁ 1'1@‘?@ Tiid §a?nﬂé§s were then

usi n ur boSEQUEST al gori t ernoki nni'gan,
centnﬁugg ag@Ajhelsupernataitpicallgtaf. | Sanfdes wére elientdibedewiR S volumes of water
0

dth t t ed th 2
and {FREFEF MR B TGS 8 Bee seqied wing e b ThatmoFinnigan, San
Josef Qﬁhf%rrﬁé’)uc[tﬁdm-ﬁbﬁ isRrab ﬁl%sé’%@tt&ﬁ@t@r &ﬁﬂ%ﬂ fv@ﬁfﬁ} Qg&\rlaspﬁy ionization

&er natants coll ected. Sanpl es were
probq 8P Leepnafongpitaonsiated of aRéates Gl 7 s@idvBussahpler snd & 600/eries single

grad%%é@on\@%éﬁ 1?1‘%1?%% H@gﬂﬁipg/EaésarOgHs(e[thrﬁgoqqglggsn\;vgrgqnjected in duplicate, in

randspantié0 oib an Imﬁlm@ﬁdnﬂ\((b]bs 315 Bheabe 92%%\/@? pf&&té@w 'R2 guard
a ers

The, LC_conponent  consi st ed of
COI“@@KE@@W& aﬂﬁp%mow%lplaasewe@eme@m the n@menquadu ent

» (wat&%@bﬂlgm%m&(n d ic% @3 d@i@ ; %i/gwi%%@cémmuﬂa -

-'vverelnjecte plcate I'ATr
1sopﬂopem<ﬂ@tﬂmmhmmnetémﬁc Rcki©8.980/1%0.3, \FBIZ)VOW(SHV% L &6t O

r d cn k). Th At
(om0 QiR oS e oty S esete e i GRID D 1S olivaivol,

The s8ThmbhatRiclREHD. ’PﬁiL%ante l?sllg)%g'f‘\? 0-sté ﬁéa\ﬁ?énlf VS%}A b, 'Dom 0 0 15

X12) (acetonitril | sopr opa
mlnl&@élegt@mgawﬁh @0 é(o:Ad30 B8B90 30ChhA eddinyg eithvils A0S %B hnd 0 %, and

Step T84 A7l BRARAERAh nf sFiehesin B 95% 1Py BoKLHG t0 g6 C. The
electPaSpraG](ibMHzl’cldﬂ&ii)lt@éewvﬁﬁse@% ) O?c\/n%ﬂdrﬂl@ Héﬁe&ﬁér&ger%a%ﬂlary to 250°C.

wo-step gradient: Step (1) fromO to
Nm%@@ ﬁ}ﬁﬁ@i}h@l%%ﬂlmg% SRUBES YeB; 7Qand IS enith, esphctigelyi For ﬁuantlﬁcatlon

orm i BP0 Ll 2480 D Sl s

over fitie 260-¢200 bsthe pysifiioaatdden vol tage was set to 4.0 kV
and the heated transfer capillary to 250 C. Nitrogen

sheeIVISatita ﬁb@‘g*d&ﬁh@ aSCARS UhiaYsts W@c&%eﬁé@mWA 1 (.cdf) format

respecti vel or quantl i cati on of net Ites
usinggthg Hile @méer&s Aencsiopality buidt istontye Kchlibdr istmmep cattiod &Bﬁware

r c d o 120
(e ARSE ST RSO 0 i B0 A200 A s, Zeis, The
Neth@ifbdlﬂs)swaﬁh\m ayeplied my eHetcddvdrtddaileNBl afitoffed rfteE H&Ecti{fd dnd peak data
the File nverter functionality built into

quality aspesgrmpnt; PLREEAR cyalueies Pachgnassdliaee forhie rchmmaucvgrqdm: quality by
TNO .
asses§ﬁg ?Qna%rzné%nl JC’%”HJ‘ ﬁ@%"h e%’%% gﬁ)‘? E%%Sg? %rﬁ °ﬁea§B 6‘?"}(58 Ip ¢hgrge ratio were

smoothed to mmesretmnisefspil«es afibthea uitambpszl opekrade s thlemartGising Equation
The program eval uat es

1. ,Igag ata. I{c‘{ual It essrre
ointpepl watlig pF Fraad gpp Hlf%saﬂof@ﬂ&%sﬁﬂ thedargestriplugygave each mass
trace ASEASS LIS f {
e 2R ot agr am 5?35"4&*%@2“%8 S e Bk 0ty a0
snoot hed to renove spi kes, and then the entropy
of the trace was ca &d 98Pk Equat i on (12)

1—1
An IQ threshold was then selected, and if the IQ of a peak was below the threshold, the peak was

deemed to be of poor quality and was not taken forward to clustering analyses described below.
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12. Taking the reciprocal value of H and scaling all
results to the | argest value gave each nass trace a
wa@eaboehiehr omat ogr aphi ¢ qual ity nunber cal | ed PEEUS2004/027022
Impress Quality (1Q: - pfBdgipf). (12) An 1Q
threshold was then selected, and if the 1Q of a peak
was, bel qw t.he threshol d,. the ak | deened to b e of
o NOPRHR af BIGRER A data AR SPsFBES e F aPanasne represented
by tie Rl ysese feaslr i bed bel ow. Nornali zation of mcroarray
data. As descri bed above, the data may be represented
by the foll owi ng nodel.: =wheredt hd geme, and vari ety 13
effects are described by the array effect by A the dye (13)
whegs the gendandvndictherfets 06 d&wribedﬂg)e Mﬁ! the brrh efF8St BB 4, Yihe dye effect by
distributed wwth zero nean, and the variance, ; is no¥
Dy, gndrthe etrevbY ubdhdiefrbrisamormélty distibhtegerith zand mean, aatlythe variance,
, The optinal parapeters of the nodel are cal cul ated
O 1S DAYPHMESE to sy diifsrent fapenshesne aret varietoFhecontimal parameters of the
particul ar array and dye, the sanples are then scal ed
mOdﬁﬁ".‘r © .Calcu@§@W115taa@?@%qughhkql’é@t)% egmaiply Fiof icacdrpasticufey array and dye,

the s‘éé?l@@tﬂeﬁ%ca%@éé:su cal significance of difference

n normalized intensities fromtransgenic and wld

type sanples, a t-test wag, appli-ed-foy. each of the N —(14)
- -genes, and the cortespondi r]{g pgk-val ues were
ca . ASS ' the statistical . . .
PR U VSR L B RO s of aterenc
mealNporadlired inmerisities @dne ohulgenis Gnd NIt Sample, b eSesivhdaphlied for each
wer e expected, To account for this, the overall

of the ij‘g é‘g}%ﬁ{%’é the grrespondingsevoluay wareralculaigd eWhepasgsessingrthe statistical
: g f all
sl ORAERE R et SO LOESHERARRESSEho Bt pvtuc

withlp < 0(05-wét} 'expectets ) ToRCDAumA fiad thiis] theanerat dikeBhaitd Bp), of observing a p -
| ots. Principal conponent and discrimnant analyses

p JS
valug SopApr gist of thpl geaes wes useé Assypingindepsnidercead dll igemssdthe overall
ik lLI%@gE rofil ea t.hat had been preprocessed with the
Lol eSgBef "W as descri bed above. This was done
using WNLIN stati stical tware (TNO Pharma, Zeist,
The Net herl ands). Mcr oaré@{) ~\z;YEr:a(?ygD}-s,' of |iver gene (15)
exg)r ssion. Muse |iver nRNA sanp|l es were paired for
hy GO 2B2lysts apd copelaipnadats. Prinpmal egsananeet and discriminant analyses
O LRR e kbl e Ry RN R o e
procédNe/vithble IMPRES Swiporides agdedribal ghovei TRisavdialdons ufiag WINLIN

.Qptj mal nor, i.zation of ge expression data and to

satiRe} SOt KOO g b bl TSt S PGP | Ly ¢ hat m gh
arise fromfactors, such as unequal_ rates of )
hy YHEEIar B3y dalpus oliver gene expressiony sMopseeer afRNAsgmples were paired

for WYRMiz P Lo WaliBedPPEDRA Woltbd G1i@B8 rays following the “loop design”
shown in Figure 30A. This method of pairing was based on an ANOVA model that was

ot

designed to provide a basis for optimal normalization of gene expression data and to minimize
the contribution of variability that might arise from factors, such as unequal rates of
hybridization between nucleic acids or dye effects. mRNA samples were labeled with Cy3 and
CyS5 for dual hybridization, as shown.

As evidenced by the cDNA microarray data scatter plot shown in Figure 30B, relatively

few genes were differentially expressed at the 95 % confidence level. Values were plotted as
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Cy5 for dual hybridization, as shown. As evidenced by

the cDNA m croarray data scatter plot shown in Figure
w@aws/oe|bat i vel y few genes were differential | yPCT/US2004/027022

expressed at the 95 % confi3dlence | evel. Val ues were

pl otted asnmean val ues of expression in wild type and

APCE* -leiden.tr.ansgenic m data points were )
meaf §is pb GRti R @@@%M@Xg@&%ﬁﬁ@a [ragpagRIciMicg R, data points
werd-édlof-evdRd oftthe BasiPbstdtisHO QRifRUREA! far & h 1 Q9Fore I?isg)orous overall
.. .. assessnent that attenpts to rule out chance event
likelftnoeP Gt agsepspentihaiatteyptssatult aibeiayce eeney Wharalate snay randomly,
but @})ﬁggﬁ h;_@ebﬁ-gglg%:sk'oﬁ)tss a sanple set of genes where the

rati‘o weeh "transgenic and wild type contro

waJabletInHsts heampletianouefesOkh&t € BId-fHidbetween tRfisgenic and wild type
ly | ow "~-val ues that were observed despite the

relatiy
Comfojtvﬁ’é renﬁ%\rrlFWﬁ%Qéioﬁgr cgter Hhapfle?- e Heserelativelydpwysyanes that were
I : [.Sti i of the ANOV el.. .
obseffd (i ME rTh 8 feblon B FUMIETCI kPR tntistica
advaarges phipe GNON Adnodeld Cfmotereat t@ lofverlpodls pOOIRERIR I apBlipoprotein
Al t%e tr nsg{sm(ﬁi ani mal % \Iﬂgl e an _.anal og of
anlap iy B erolipRPiRiRn B igi ransigTis Al il an analog of
lipopfitein Mk yShighdr. L i Y T
D R S o PO 1o Wi fgm the APOE?3-
Leider gu¢cateivealechan appgoxinatedy twd-tolé Howh neguitdiohiabthe protein level. In
i SO Iiferator-activated receptor-al pha (PP

.pPer ox mal . pr
add‘ﬁ%)lf’e"eo%bﬁﬁ&% B Ao Ag VAR esPioTralpha (R SR oprsepresgion was not
diffeR 8 i i i A 0
By P FR S E i 1 A S AR A oRUA R AB) was 43 %
higheri inyke @arisgynico| BP ARwipiiys adby nge geimtiadproens bgitesfon of proteins
. rotej.ns, involved in |ipid nmetabolism while
involyel o ipid amelfbolisyy atle cxbesiRaal eyilanca Supaeys WayL Vb why control
the abityRSH thy i kih@Thel A6 i

Y HnecP b ek B SR The B prct¥tation afpotivating ligand.
The lipig anefilingranalyisis shops tiat lipidgnatatadligsi is ixteoddmpdradd Byi thé @resence of

met abol i smi.s i.ndeed .i ppacte the presence of the
the tFRIFRE AR I i RHSFIEE CHDBE . LP o ikt &havh dta aRgpor & regulatory role
for ILexgbs, these data support a regulatory role for

L- FABP. Tabl e 1. Liver nRNA expression. Description

Rati o p-value claudin 4 0.59 0.001 CD beta opposite

strand 0.69 0.003 iroquois related honeobox 3

(Drosophila) 0.72 0.001 cysteine rich protein 0.74

0. 006 Apolipoprotein A-1 0.75 0.009 fatty acid binding

protein 5 epidermal 0.75 0.044 ESTs, Moderately

simlar to 156333 apolipoprotein B - rat 0.75 0.043

plexin 6 0.77 0.019 nitric oxide synthase 3,

endothelial cell 0.81 0.018



orni thine am notransferase 1.22 0.016 gl utathi one
S-transferase, alpha 1 (Ya) 1.28 0.029 nual ate

waledwpaeagenase, mtochondrial . _ 1.28 0.002 PCT/US2004/027022
extracel lul ar proteinase i@hibitor 1.28 0.027 CD53
antigen 1.28 0.037 ESTs Weakly simlar to

i r ihnn F [H sapiens] 1.28 0.028 receptor
Tab%@&q?orﬁﬁ%w{%ﬂo?' nodi fying protein 3 1.29 0.032

De§ipfiohr ome ¢ oxi dase, subunit VITC I.29 O Uiﬁﬁia;io pvalue

L0

cla@@g4nophi T -associ ated 11 bonuctease 2~ 1316: U8'§9 0.001

7 i dase, subunit Vila 3 1.32 0.0
.CD%? %Ei%tsﬁm%dé ;@ eot xil -bi ndi ng protein 1. £90. 0310.003
OGN %ﬁ‘“%érooﬁéﬁ ggwogba ole 133 0 023 M muldal us  0.001
©ys OB 4 0. 021 ATPase, H+ transporting | 9d4somal0.006
App 8y 'Brot,on punp) 1.34 0.048 ATP synthas8,75H+ 0.009
fatty agiddirding Rpteinidt et i al  FQconpl ex 1. 39 0. 078 0.044
ESTH #elylsanidarto X5 G338 apolimpeotdindD - fat 024 0.75 0.043
plegiarégl i osi de-i nduced differentiation-associ at egzpr ot eigp19
nitr dxidOsyditiai 3 saldotieliaiadetli er fami |y (UDP- gal achgse 0.018
ornithiap apdidtengferagenber 2 1.42 0.024 gl ucose regybated (14
glufftbe) Sirabstisage, highd 10@31 sper mi di ne/ sper mi ney nacet yly'grg
o ata B 1 P PR o
Z’g‘lagéd loy prinds ool e T 2908 0, 050 bat hepsi nl 81.488'8%
. sozynme 1.49 0.007 cl eobindin 2 1.50:6°015 Y
Esésr %arlig.y%. X“‘lt‘?ﬁpé’fép‘%i{%@@l%g[#ﬁ%ﬁl loid A 3 1.5280. 009.028
receplotdFa 6’?‘?% PUNHH QA YN Prefeiny 005 Dnal (Hsp4bo 0.032
cyt ®g oxidagss syaunit \Blc nenber 3 1.58 0.012 SECH29 ganmfed40

eosingplifrassogigtedgihovélsssad) 1. 60 0. 008 1.31 0.013
cytochrome c oxidase, subunit VIIa 3 1.32 0.044
histidine triad nucleotide-binding protein 1.33 0.031
malate dehydrogenase, soluble 1.33 0.023
M.musculus H2B gene : 1.34 0.021
ATPase, H+ transporting lysosomal (vacuolar proton pump) 1.34 0.048
ATP synthase, H+ transporting, mitochondrial FO complex 1.39 0.018
thymosin, beta 4, X chromosome 1.40 0.024
ganglioside-induced differentiation-associated-protein 3 1.40 0.012
solute carrier family 35 (UDP-galactose transporter), member 2 1.42 0.024
glucose regulated protein, 58 kDa 1.43 0.021
spermidine/spermine N1-acetyl transferase 1.43 0.030
fatty acid binding protein 1, liver 1.43 0.024
signal recognition particle 9 kDa 1.45 0.034
orosomucoid 2 1.46 0.020
cathepsin S 1.48 0.033
Lysozyme 1.49 0.007
nucleobindin 2 1.50 0.015
orosomucoid 1 1.51 0.009
serum amyloid A 3 1.51 0.001
major urinary protein 1 1.56 0.005
Dnal (Hsp40) homolog, subfamily C, member 3 1.58 0.012
SEC61, gamma subunit (S. cerevisiae) 1.60 0.008
calcium binding protein A11 (calgizzarin) 1.70 0.004
tumor rejection antigen gp96 2.01 0.003
proteoglycan, secretory granule 245 0.001

heat shock 70kD protein 5 (glucose-regulated protein, 78kD) 2.93 0.001
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cal cium binding protein Al (calgizzarin) 1.70 0.004

tunor rejection antigen gp96 2.01 0. 003 proteogl ycan,
wgae@smeaey granule 2.45 0.001 heat shock 7CkD peDUSI004/627022

(gl ucose-regul ated protei n3578kD) 2.93

0. 001QJantitative profiling of liver proteins.

Kleadid ne raver hase, se tion of soluble |jver )
Qllékﬁ,tg{l dye Brofiling o ??Iérgggrqtﬁlé\s gﬁ% e yRePERIAsS SgRpration of soluble liver
protéipp koddci@sethe sambRCdodipl&fitydR, éﬁ@?ox'ng;blteg)aé %Mto? BRhoYRY initially

An ESI-LC configuration was ‘couple
emplgyedt PenilelC comiiguationcapsadsiupledfto Hermidss lsgedmonwteedbata’fas capable of
Next .. data was acqui,red usin
han ORI B bl BbA B Phectdmt e 6 o mes apgregruSing o5 MS-only scan

cycls, aqmlmm actgmhﬁéﬂ\/& Séqm’iﬁlngTMSVMS WEghsCYE teRiubd E'ﬁlé‘ﬂﬁe and minimize the
mze the loss of information that occurs whil ﬁl

loss 88 F{fﬂlﬁm’ém}tﬂ@é opgtrhEdiHe sheagpdummslutds batwden seangur e | A
f d .
As Slﬁ%ﬁ r act i on(gy ro @a%gi%;&%g a%i‘fl{?@?feﬁaﬂg t?‘i/]éver protein

fractigsdfrdny fige mm*zmmdémﬁﬂas& @il@%bhﬂﬂ& ViElSe INBRESH Bl dofithm was then

ata set to e eak |ntenS|ty and si gnal

aPPlkf@éP F?‘Q’ ‘?%?W%?%t@ﬁt Pfa&ﬁf Pt dt%wa w lwamﬁ@mmloo 8n IMPRESS
t

e O el e e L REIS ok R PRI B e woutd b

excl@jadsiram ifirthenasalydie anleteflng wed thesi pegfohhﬁl mimg‘lmle @ailnmpal component-

dlSCI‘?I%er%&F a{ldI X %n[ar‘llt%ap é\%’?wgﬁﬁﬁq \8%61 bglsgéw}l?rtl lglgure 31B,

two distihdtRDisteds WeileRIbServed ¥ithARSAEIERRE Mick n bAAARIOSd %g)@"nﬁ@e in the other.

in one and wild type mce in the other. An ins
An iggpeetin ¢ighe Eictos ﬁE@CﬁliumnﬂhilSItﬂat@ﬁtm Higuie 31C,Frguded hesses of the ions that
f i di fferent.i
dlffepén%\étel‘aﬁgc% {é?cicclﬁi x? tzﬁxetht[%st VQ&% gélg?cf té)deaf}bo glg ﬁhtg q[haémg ions to test

signifiichdcey amt aralk C/MGS/MS spdcﬁmtn&szis B®yeiRd fof aitheepadd SR trypuc peptides
ctrumwas acquired for each peptlde Six

that Pta R BB A A RSPl EAdMP, B roe 1 Flghreatatios 446, 599, 706,

892, @99 ,eaﬁd' 1938 Qa{re labg@g?n F ir%ﬁ' @S&g%é;ﬂ]l% I}%{t?r Sé)egthﬂlfn)._?sgﬁpg quantitative in

natum@ea& mﬁsasmhafdrmaﬂm gathared by IMPRESSvasqisaditd éa@dﬂla\t@ rélikive

nat ur pea ensi ty. inf rrratl on gat her ed | MPRESS
aifteR6HN, e e s o i Biobting Pagly Ve gienied teslde B ABTuas up.regulated by
44% 'il@ﬁth §m@fm1E$‘fe$at9/'éQ$ 'V\Jlldpc ltﬁéfs' STHthsC@sts&RlaL‘P%tone-to -one

- FAB 1\JPL\]&\Iregu at ed 44% 1 n transgeni
Gorrel@éloaltWIﬁeﬂlmn Acxpygssion observition namdsabwees BdeHl sirhinyriges the
orrelation with the mRNA expression

resul%{)bg’éfé% I%Pe?n &?%Y % above. Table 11l sunmarizes the

results of the protein analysis.Table Il11. Liver

protein expression. Ratio p- Description TG W val ue

Apoptosis Protein MA-3 0.85 0.019 Asi al ogl ycoprotein

Receptor 1 1.39 0.028 ATP-Bi nding Cassette, Sub-Famly

D (ALD), Menber 1 0.72 0.025



Beta-Crystallin B2 0.76 0.016 Efa3_Muse Ephrin-A3
(Eph- Rel at ed Receptor Tyrosine Kinase Ligand 3) 0.52
wO2@8/2Upver - Fatty Acid Binding Protein 1.44 OpOB6S2004/027022
Forkhead Transcription Facter Fkh-1 1.24 0.008
G ut athi one S-Transferase 0.69 0.015 Guani ne
T JcExchan e. Factor Eif-2B Delta Chain,
ab@ﬁg gFrngro {0 SEPTHSHH2 Guani ne Nucl eot i de- Exchange

HO 2 0.64 0.014 Henopoi et| c Cell Phosphatase, Rlaylpom nep-
Dm‘%}ﬁﬂatage 1.38 0.020 Honeotic Protein Ml SG/WT value
Apeptesis PeateindMAS3 0. 060 Lit hi um Sensitive Myo- | nd&gs ol 0.019
AsintogtysopsyitiniReseptéd 1 0. 62 0. 034 Killer Cell LectisgLike ggog
ATReRiafingrCasSitef Sub-Fym#y DVTIIBY, Ivﬁexﬂbe?& 0.019 Lynphmocyte g g25
BetArCriygiallin/$2 0. 53 0. 007 Mi6 Protein 0.67 0.035 Mpgse Fatgoe

B Gdherpni a8 %&@M&WW Precursor 0. 52

KifasOP - Bi ndi ng Protein 12 0. 032 Fygbabl e 0.005
Fragment) 0.83 0.034 )
Liv "Fg%f Egﬁlﬁd gg 8‘%’%@( phg 2 1) 20 0.012 Prot ei i nase0-036
For F%PB"% %Or ruvate Kinase 1.24 0.(0o# 0.008
Gluliﬂ’ aﬁ‘?fs 18 n Ligase E3a 1.15 0.079 Quanti®@}ive 0.015
Gu‘ﬁ’ﬂ%? P?lﬁ@thﬁE’F Eﬁcmf&fzﬁl%ltééjhﬁme profiled using .
Long-Eqrpyt egy sinilarto that used for the proteilB36 0.002
Guaping NuelsotidoubkdhangeeA chittatm IRCAEHommbupui r ed forl.gach  0.014
HeraeOxgpenastrd; HO-2 acti on protocol and LC syst emo@s 0.014
Hermdegoietivedeli Bhospastaied Matadine@hgsshataa@N- pol ar | i pijdsg such ¢ g2
Horasotit royigMiaemebsnrdobG and triacyl gl ycerols (If9 - 0.060
LitHeaat SEnSHiveIMTY —Iho"si%l?\d@&?v% inhiagaver e al so 4 0-034
Kﬂlgf"@@ltl e 1&0@(61%%%19 uf In;bglvéch"' ine g9 and g4
L i ne pids. Foll 3’ng 0.007
Md @(ﬁelplre- OCGSSI ng wth II\/PRESS to obtain pegk 0‘035
PCDA clustering anal ysis was per e ¥
%ﬁ%g‘ As shown in Figure 3 , the two 085 0,019
al Byecytsqre 0.52 0.006
Numb Bmdmg Protein Lnxp80 1.12 0.032
Probable E1-E2 Atpase - Mouse (Fragment) 0.83 0.034
Procollagen, Type V, Alpha 2 1.20 0.012
Protein Kinase C, Epsilon 0.74 0.105
Pyruvate Kinase 1.24 0.008
Ubiquitin-Protein Ligase E3a 1.15 0.079

Quantitative profiling of liver lipids. Lipids were profiled using a strategy similar to that used
for the protein analysis. Duplicate datasets were acquired for each animal. The extraction
protocol and LC system was designed to fractionate larger, non-polar lipids such as
diacylglycerols (DG) and triacylglycerols (TG). Captured within this acquisition were also
quantitative profiles of phosphatidylcholine (PC) and lysophosphatydylcholine (LysoPC) lipids.
Following data pre-processing with IMPRESS to obtain peak information, PCDA clustering
analysis was performed using WINLIN. As shown in Figure 32A, the two populations of mice
formed two distinct clusters. The PCDA factor spectrum, illustrated in Figure 32B, indicates that
a number of lipids contribute to the difference between to the two populations. Mass to charge
ratio ranges that include the majority of lysophosphatidylcholines (LysoPC), diacylglycerols
(DG), phosphatidylcholines (PC), and triacylglycerols (TG) are indicated.
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Lysophosphati dyl choline C 6:0 1.31 0.0190 C18:0 1.24
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C20,22:2 1.85 0.0023 C20,22:1 1.20 0.0059 C22,22:4
2.82 0.0005 C22,22:3 1.84 0.0002
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m ce that were reared on a normal chow dieirare-
TriddP@if@tfd W th arreys.,(upward pppntingy dgnpt es
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C56:6 1.96 2.8E-08
C56:5 1.60 0.0003
C56:4 1.97 0.0000
C56:3 1.84 0.0058
C56:2 2.15 0.0069
C58:10 5.38 0.0004
C58:9 2.94 2.05E-06
C58:8 243 1.13E-07
C58:7 1.93 6.78E-10
C58:6 2.42 1.40E-09
C58:4 2.70 1.62E-05
C58:3 2.15 0.0001
C58:2 1.37 0.0077

Discussion. As highlighted in Figures 33A-33C, the comprehensive systems analysis
based on differential genomic, proteomic, a metabolomic profiling yielded a number of novel
observations that distinguish the APOE*3-Leiden transgenic mouse from wild type controls
under conditions where the mice display essentially no clinical indications of disease. Following

PCDA clustering analysis and identification of differentiating factors, the relative abundance of
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100 nL of the supernatant, and 200 nL of this m xture
worwseaesferred to an autosanpl er for LC M5, MNVRUS2004/027022

anal ysis. NVR spectra were4tecorded in triplicate in a

fuI |y automated manner on a Varian UNITY 400 MHz

NVR
i) B YRR <Py g8 R LBttt ieichy s paissted of o single ful

scan/m&ﬁ spedthes h&fhidg ofédmBA0a- 007 5 -
Wi dt h915 of %ﬁlooo OI—Iz; 45 degr ggﬁglg\%geglv\%@gﬁggéegbemmt%pendem
prodyt iwadass shacta (MiSRSpfvers d® scqaivet] for peptideditiemifiodbmysing the

gy UG LA B b AR Bl ot

Swisspeordad VISIaB idan baed §eapdhes udiv Mm@tséﬁhh WioBARM (M gmatnx Science).
function with a line broadening of O. §

baagéthhlite dnaBsisl

DGR TSR o G

metahobtq angbfswéqyeiddn@fhﬁ ed. ofSkoygopanel ®t B0 6f Wasle @[hsﬁiM?ollowed by
software.. To ob(lglal n these listings all lines in the

Cent%‘ St IO pitale AR EupIePTBF eépi?&mln@llq@t abgtsupdinasent was
o O LB RO A LSS BB T

samplogtor SICIVER RO GRtdfanser W/ B BRAI Lsoftﬁ@ sﬁy% a%ﬁsa&idczoo uL of this

( Ther noFi nni gan, San Jose) was use to acq
mixtupeswes gt é@@hﬁﬂ@sﬁmip!oﬁ@ehﬂ/m spectra. The LC
coggnent consi sted of a Waters 25 717 series
Rrapiabysisa NIMR ﬁ@@trasweneafscosdefdglhenglﬁc&ﬁh & fufl atiofthted manner on

rporation, . Sanpl es were
avﬁ?lﬁiq@éflﬁj Bl PP B et Y8b8P FPeI3tingAtn temperature
of 298K X Fi&Qnﬂﬁ@uoﬁrd@E@%t(Fﬂ)@%ve%‘coﬁ%c@H ak @41@‘21'&{‘-5 ints with & spectral width
Chronpack). A 75 nL aliquot of nouse pla extra

of 8.08 lenjﬁs@Q%@P pulbasevare uﬁdr%ﬂquqnwron tithe Of 4ihde mld a relaxatlon delay

ffect f
or2 S ESHEURS R RBLERYS S SEFEh LA S0 e SEb st
usmé thenstatald Biriaaofishasd. | A b}ﬁﬁ)nelﬁmf vahdbw ﬂﬁcﬁé@%tﬁ'&tlln‘é'%?‘oademng of
ornmed by using three nobile phases: (1)

0.5 Hzypnder madusd Saselipg perention iias applisdita el speautal Miteorefiirdng to the -CD,

| /vol /
sienfSEERSOR 720 4Be 5T e e andard Varian NMR
softvdrdd T bbaimiheseAdstitles HB1iRss3A tHe Pdetra/Moh¥ ‘altl/u’ééﬂdld' 9&1}espond1ng to

3{1‘/? (1 sopr opano] /d| chl or onet hane/ ammoni T acet at e
about { QJ)‘m%ﬁhﬁ]StgnalcﬁOdmIsﬁaaQ@ Bgrejcofleqted gud tarpertodla a/ddty file suitable for

statls-ﬂaﬁl a?la Bﬂ%ﬁ%m{rac“ onated at 0.7 nL/mnute by a

four- s en (1) over 15 mnutes going from 30%

LIRS S8 R AT Seapedtgpoquire

plasta@lipid 204 endtatdlitecimmeR NS @hechd TR e A8 FRAIBEenOInSBteidDf a Wat
95 and 0% respectlvl?lﬂly andfj( 4) 95% buf(?gpr/ B go|nn © a waters

717 sHek2ytesagudsrand e 690 feiien single etadient fimaing mwp GNpuea_\,cOfporauon

Vi TR SR 0508530 o DSt AORATERCES s, o 0

mm) Peotbdttdby atlRS @@t dohgtein WEHBm ?ch@n d ﬁkglllot of mous%%lasma extract

respectively. For quantification of Ites
was igiegteddidedn g srslont exdenf The Ignalrgh eeqfughde mep(m.d & mevenk detrimental

effec%go?ﬁ%olg@@g tdrlﬁtnci% %Inglﬁfgls 3N e resuﬁts o%?au?e OOI{I rs]tatugt?cal statistics. The

elution gradient was formed by using three mobile phases: (1) (water/acetonitrile/ammonium
acetate (1M/L)/formic acid, 93.9:5:1:0.1, vol/vol/vol/vol), (2) (acetonitrile/isopropanol/
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Data pre-processing NVR The NWR spectra were aligned
manual ly with WNLIN statistical software package (TNO
webasoe12¥ei st, The Net herl ands). Data pre- pr oPEEES2994/027022
LG M. The LC/MsS data filed3were converted to Net COF
for rrat usi ng Xcal I bur software (ThernoFi nnigan). The

t
acqw S %I oh n0| Orgrg%lg%‘% %@é gﬂdvﬁ}o}%‘m gg‘?‘i"gg%%of t war e
(1soprasp@oﬂ?ﬂmhtm0mzmmd/amﬁmxﬁiea&%é fl'l\d&))/f&%n@ Q&a' 4\8 95011

n /r t spectrumfor each o
Vol/ Iéyg)f 5&5 eﬂ’ﬁl sgRples vglé@ ﬁaqaﬁg@gtegi@@@ thbminute byfa four—step gradlent (1)
overly PITRNAGLMR T 0% 52 POETD) Wil R Fimdlies 10 35% B

and é@ﬁ’ol«(émthmcﬁ toinutehad bethingeg; §3) @pﬂrbngﬁﬁﬁut% @@adi‘éﬁt 0#B¥%A8 and 60% C
accor di 12. Taking t

g

gomg é% P%) %gl/ r\e;soﬁea%v qq%(ﬁ)ﬁ%@ prfﬂlgB gpingrbagkta @% @vetheminute period.

| a "

@ lrrgﬁg{egﬁéf’égghﬁfl 1gh1‘é§§a rﬁ?djﬁgg?s%? 6& t@%@ & gﬁ%@g %&ated transfer capillary to
250°¢n dﬂlyl@ggl slﬁaﬂmdmakllmﬂgl?megmgé R@ﬁ)ﬂlfmﬂ 1 wtts] REpRAvely. For

applied tp the fin rint

aven L sp il e Biele oioe 5 ettt samn (rrcse) mass
specRUBRkgEeSEREr ki MR-$PRCL tBe cTJ"ﬂn?e Y@?ndé@ne using WNLIN —

— statistical” software (TNO arma, Zeist, The

Nephgy ﬁp@ Hg hizen a I

eval ua {) heesgat% elrwr:lsr Z%%@% |ts nﬁjgn q ré\%{& egln?a%xaaﬁy with WINLIN
statistiseltofisvatopaciregea N0 Pharamalyist, The Nethealan@pr oach was

used, where NVR was utilized as the initial screening

nenhmprfeqummgdycmwm Wai/els dastile %ree&)tn@%écﬁﬂ?)q@‘etCDF format

anal yti cal nethod for netabol one

usm%%gzﬁ}hulr seftware ZTlgegmo pyng;m) bibg egivered Blgs ersevaluated with IMPRESS
post 5&&%@dﬁ&ﬂﬁﬁiseex%d@t1’on@ﬁa Bﬁnﬁiﬁﬁ%%f&ﬁ ’@g@é%an%_a Zeist, The

Ni chol son et al Xeno lotica
Netherlonds) to abtedme fi f?lg¢rpﬁﬁt7®e(:12ﬁm®r e}acHof fham(t/MSaﬁl%s NVRe grigfam
ackage was applied to

eval B SRRt s ot ?I\llﬂétgf SRR e T S —
This isRrfvrhed, afpesmasthing s 8mive sﬂﬁc‘é?a&%yﬁ cal@ﬂgtﬁﬂgfo? Qﬁchhmass the

di ffer ences, based on the prelimnary
entropyef Hedrace amrdla& to Eqmttlhe 2 ddeking dltk moiatocal salusofig abl&scahng all

g U S B S oA

WF nP ‘fgid“ %%F‘écﬁﬂn%g%ﬁ%gﬂggg%g ggfb@‘ﬁ@f?fam@m analysis (PC-
DA) Wétenifppﬁéd ® thO BbdPiin t"!tjbbétpa Gftfie bl %ﬁéﬁ?ﬁa%%%m p{i% fnd IMPRESS

or both the w |l diype nouse ma sanpl e
preprogrssaddi @M prsgte. phissves doaerpsieg Wl@LINNtzttﬂtlc:ﬂ ebﬁWﬁidTgNO Pharma,

tg, I ignal of MeOD (d = 3.30), line listings
Zeist, ﬂ%"“ﬁ%?%@é@e’a using the standard Varl an NWVR sof tware.
tain.these.li al | nances in the
o B Gl byt N ity Pl oty g eberabeenenitinned
clustering@scthdti 1o} ﬂ@ﬁboﬁt@ ‘aﬁéll‘)ﬁ@ 4 &l S’pﬁi‘@&‘ﬁ avgﬁgledsgcﬁ CRR AR was utilized

converted to a data file format

as theflgﬁlag sqegndng wethod rﬁ@llwdé}yalpibﬂ\ﬂ&,athldnhas bebe establahed o4 benchmark
ana) ysi s of

rprin for init
analy 3 B TR B R Dbalel bh isBalleme Gamssaonk o
al., Nature Biotech. 19, 45 (2001).; Nicholson et al. Xenobiotica 29, 1181 (1999); Fien et dl.,

Anal. Chem. 72, 3573 (2000).] To facilitate NMR data processing, the WINLIN software

package was applied to cluster and estimate the degree of variance between the wild type and
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speci fic conpounds, but to establish whether the

sanpl es exhibit sufficient clustering and thus warrant
wa@2ovsnzidet ai | ed anal ysis. C ose exam nati on OPCT/HS20biMR7022

data reveal ed small variati4éns in the resonance

position of conparable lines. Variations in the
he rel ative

j tions, ofq l.kne e due to t
ton Bl ST S AE R BiipS st Ph o smipos errecmehave
emefgedtio waBaht furthéraletdilell aBslysis Hﬁhg@/?S prigm erature and
the hqnogeneity of the magnetic field, Ich were

co ¢ Blsina parplat EPm20 8 dur H) for eadsedb)iwert hibal for global
i i. tatisti I
metdBRIRAMELELTR 30t § i Aoh AT SENMReA) el airateinated sample n
MeQIPGeRM)sed o gérREdtagipliche lép@qté?wh%éh@hglggt?a;e@gfﬁgﬁg 36, for both the

..,score plot showng clustering o

wildiype maviserplagma siaple §¥6ntaad theyL¢idéramglisesplasancsatipde (TG). After

: r enr:e el irgles. WNLIN al | ows
erlB04 e Sl SRESES 0 B, GhL LG5 e oo e sndard
VariaoONIVER afewlaran do b fe gl rAlned

analqysi : (bgCA‘?h: E_aclzh o é%tglﬁﬁtdﬁlﬁét ecegl(?lggl:%gﬁg%trsa above a threshold
correspoRGIag 120ukihraediness thosigedrtegeise rameweak cotected and converted to a

i i . I r.eprocessed spectra. . e

data B0 iR PliskiF BUSH BRRERE o Tenlis ppismom

fingesprétingfominitia] unagsis of SiaHs4 fdtboleoRBoRACHESEG o ﬁfslién signals to

.gge first séep in principal conponent analysis is
specifi¢ cpmppingds, bt te EYjablipBathsiher thepsmmphes exhibit sufficient clustering and thus
MARIRNE LG i .ane ' .0 _0obt ai,n er of -
Tzvarr or thogongl 9%((2{1158&?}% ; n(g?vge{/ %)Zréln{all q,tleo.gl,o% é}éﬁ Iléhgﬁ%* g%(}? ic]eelleﬁlgﬁ small variations
in thecrsppronenpesitiarhaftcoarparab lirds Z §@rintlodstig ke ARitlonk ¥f Iiﬁ’esl are due to the

.expl ai n._a. maxi mum anount, of variance in the origina
relatla%?cg?ce ﬁ%mngqyﬁﬂgymwn $ imdthg Mle%al?det\hﬁ @fsltru.hpgnt iangtabilities, such as
the tehi@pRldting aRH HRChdEd ccAARPONESD hﬁgﬂéticl ﬁeﬁ&, n\ﬁﬁ%@v {;escgutlnﬁtgﬁ%d for manually.

reproduce the signifi‘cant variance I
Spectgmpracessed inpitis marmenpptel ingotted irdal eeWVINEIN stati@ticaldnalysis tool for

: ot r d.to j igate the partial linear fit
d1scr1bﬁﬁégi °§‘|§’P§1§e§g lss@éf’?\;{ cg‘fsgetml’?& control and APOE*3
L dHigiera 3ilbestrafds @jPECDIAORS b0t 8 - | kSt :
o SR L SRS o P, (G LA e Lt
t £16%> ap Ngpsweise reprasedndby sirsles-abANILIN all
gfaphﬁﬁ?@lhﬁt@rii’x‘?5Fregxﬁ€sdaf{e9th%oc{a{ &late taﬁe @OS. thon of o -
clusters Tn the score plots to the oMt TYPifctadedg pipgipal component
analysin (RG). spabtpodntlyyithan greaiitiad spaihidy besitidfed kb RpkQafl cﬂ')]g of the
wiptif SR el Wendig et ah Anal . Cem . 86, 2207 C165%)°
nplicgesely; Giths ROCEssed Srechp et PReFRpIiesn inteskitianfrom daclyof the triplicate
travere SseelNar | D ld nes r.epr.esentin
D B e e HE AT, Tbe ) SErliaRGBBA contponent
analys;@mthc!z Bitdcion bhagenectospleaiftheadriayice/t@ariffd BattiR @b obtain a number
of orth@Ghhi & stcﬁde\(;:vl UStaﬁl” n% 0 tran?genl c and control nouse
p?pu?ast oHCWTHREARED: GRYCORTIRR! PPmBneatiothat ate@ptialized in their

bilityt foexpiiSa Bfaxt | oF vllihRdel O 1 Bt
it BB gt £ GBS M o

dop W@kin@d:tr@p@labmmhiep@ Vil Ibp\sufﬂha:hanmd RpRAuEELHB IPhificant
: : . I Intensities 1n.the transgeni c
.V?‘“ang% PSP aGh ik B BRSIRREd ¢ fegLe<cihe niwbar af faghess noeded to
Investigategfhe patitiablifidadfit (HIIR) @E o h¥dONRIK §726tP6f AW cbhiol %ﬁg %P%E*?i Leiden

. is represent NMR spectral pattern conpanents
mice. ﬂ:ﬁ'@]ﬁ@?onrsﬁ& drssamplesipniaige é'lrﬁé%@e@ prin¢ipaisgeponentiages wate@hen used

as starki'hQ?§in@ﬁ§r%@&r@s&fﬁ9ﬁ&ttaﬁﬁyggnt ral axis synbolize
fac

ors present at higher-absol ute
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concentrations relative to the control group. Factor
spectra prepared in directions of maxi num separati on
wo@toosiezo1ewo cat egories were used to give an i nBCTHNB2004/027022
into the type of metabolitds responsible for the
separation of the observed categories. Prelimnary

re dont A oadlng plots point to the

65 T AT TRRE R o Rt Rane e otk ghe fagre plos to the
originphfe du& i8 thP$Pec@sby A

gquanta [ tatll ve g\?{i?l an%egra%m\ﬁeagloyaﬁfgggﬁ Eﬁegg%&ﬁ% qurs [Windig et al.,

Anak Sheme §6, 2094 (19§#)d athestifershedurtos pmrtmnsploipyhdvasiﬂ Figure 38, is

t_sensitivity of t t echni que and
charp By 4 MRS IUT RN reB S0l Vichaee BolicomuOREig fchmed by a
ranng‘Rcmp:tﬁbtmi(m fadtogs, sppoilchily | ibl nf%’ s e tichshil GHﬁtehﬁg %k #3nsgenic and
af fect ed % the m ni mumthreshold concentrations

contro) FRISH ALP i dée beighipf the iagsdibeve amst balew the axis of the plot is
dlredﬂy%fa?etd' t8%Re arh htg&e &t tﬁ@{:?ﬁtﬁ%t R é[ S (?\{eegzﬂ Yaé@ﬂﬁ%}”ggﬂ? the factors

profiling coupled to pattern e
exterdippbelofmihe amalcyﬂrespalhd aylfgleacedial intéHsRE af ihe Iﬁ@ra%gemc animals.

d t t h t |
Slncgﬁgalg& sggarﬁ S rsglp 3&&%\5@9@1 c?llr%/c%grsl éawg gsgée(g%thb)w the central
axis PYResSAIIEPIR WRErAGatth c'oﬁLE)BBé y ofslﬁﬁ]ﬁér lht\%ﬁ{{BJhlS G aﬁ%Sma SFtrans gefic

0 use the nethod e er
miceg Jaeilivgs piending pleaedhe @hntrhlememyrmbolxze fivedrepaRerd Al Righer absolute
Xi st s nul t aneous anal ysi s of netabolic
COHC%%%O?IE kegﬁ%’eg Ségfwlél ds expected and novel
paF dcﬁﬁﬂ@ecﬁ\@r@ﬁ&bd Ilﬁilﬁb‘éﬁél?s‘-‘dﬁn&iﬁm gﬁgﬁoﬂ%f the two categories were

transgeni ¢ (n=4) and contr ol e Were prepare
used i3, VR &N iRBE da Hes tYB‘? @ﬁmpﬁab@]ﬂﬁ-‘bmsmtsfhh@for theosepadtioh bdhe observed

e By IS ey AP 1 R s SRS e 542

| I
ppm i ﬁifhdf%fod&gu% m fd%eglglrlrggg@?g)nrﬂgj—z b %oﬁ%rg%+ﬁh§ ?ﬂ]%agp&%g?bu%ors to

quaniitetive vatianse beiviehie Leiden/Bndpmtrol ssmpplee raw data files
Net CDF_f or mgt andpr ocessed

Col 5l ion R KT SPocherRy ol EPrh e arpsRensitiviy of the
techniefetana from THeeni g &gﬁlﬁe&lgveaidtiﬁfo?&a%‘r‘ébrﬁaﬁ o NMIR §pdcPh. The

i.ts chromat ograp a(}ualty by assessing Its
sensitiyifypehihe ite@hmﬁéﬁ tseﬂho feiated hyihfpeurilmuneﬂhreshf)ltde:bncentratlons of

comp%@ﬁﬁ&ﬁ?%%t@cé%cﬁ hr@ rg%rd?g ‘f i ?1 génsagt att%}gMR based metabolome

proﬁlﬁmmlupted 10 Pattdvh $ecokhnition $echn@agmr weaﬁﬂi Mﬁ%ﬁ&ch for

g %61%‘03 scal ed chromat ogr ap qgual i
mtegf& 101& Reme % 'ﬂ% FHO R RPPPIohensheg SY@@’mﬁdn@i tandmais yEi this study
o R R T s et Bt By SRl BaleFBRS i racher to use

into
the method it defeinaine dvhethet awqualititiviealegiee iof dift&léntﬁﬂﬂﬂ BEQREN sample
opul fCt Or S The proteonic whole plasma anal ysis was
POPURTAESE Y bwar ds fractions containi ng | i poprotein
ﬁ%g xes. This was in line with expectations that
u H?‘?‘@ﬁ“@bisls}ﬂfr’@téwmama caBpov s g’lkld\s éxpected and

t t hi
novel pyr%gtteke.lﬁ% 2191@ as e 'x&ﬁ‘ct%ﬁl)%x a%s%; rftp ﬁ%eé%‘l &ggf@lff eogptrol (n=4) mice
were Wapdred py disninosapgrlob prebipiati b ethoan SR h8ditibr 61 4GNEL of water to

f trol (n=4)
100 p extract, the samples were subjected to LC/MS analysis. Figure 39 depicts TICs that

were collected using single scan mode over the 400-1700 m/z mass range. To apply statistical

statistics to the LC/MS spectra, the raw data files were first converted to NetCDF format and
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animals were fractionated by anal ytical size exclusion

chromat ography and fractions corresponding to high
worRlosouiias wei ght pl asna protei n conponent werRBCT/US2004/027022

i sol ated as described in tHe experinental protocol.

Tvvo rraj or early peaks eluted at 23 m nutes and 27

g ondi n to VLDL (fraction 1) and HDL

p roce ¥5° Hﬂngﬂ Proiseiection apf spenglizatiomsoftvempeThe pl@lgyam evaluates
cachWBASR tHie6 or iR cHAbrhatS MRSEE YE Lons. Protei

cont ai ned in %‘racetllglgg 1Han§yg§\%é}&gélﬁélt%% %ﬁ"toﬁcontent This is
perfgrmpds aﬁnertsmc@ﬁneg tit eV e sEikesndbypapulfies thel difop9 frof &8h m/z of the

trace %:%rﬁﬁ%aﬁaeﬁwa 18]? ;],ggl\/f.?g n?{]ﬂ%!i %«gt%qullg{séb}sg WB#S%@E@,@S%{gied a scaled
chrofibfQorapie Q@Iﬁ@ﬁ@tbﬁ& 60tht 80! &4 ﬁgl b eghgab §E&a§é§arly31s the IQ

representative sanpies were a
baseg g greas i Figuead were ipRitechiotr @ﬂNﬂixﬂNmnd disurtinadt@nalysis

e
s elfhe proitergnia Mholtehlalns eaSRal Wik Biseh tm%lﬁs ﬁjaﬁ %l)lqta rﬁﬁg

assi gni ngi prote| n |dent|t| es was based on't
lipopzaieimesruePlesse lhifevasan ligg W@%Xcﬁc‘f@tumalthatemsdstetlstmmlmy relevant
red.i mjar,  to
chan B A il PR BN WO EGH ih B Eia%Fy‘rffPéOt%‘&é&%S%.d on ffig
transgenit owele! dejecttids CWhole piasimaamables ifiom Fe 1AR d) and control (n=4)

anti atlve r Iat| nshi ps between net abo c an
amm%té Jyse fra 1c |sg§r§§c ugwn&bg@pmq)gramy and fractions

corregﬁﬂﬂl it Qflglgfﬂ&?égglgi; %&[ﬁgﬂlgsélﬁgb%ée?g tclgl;rllp@f?en? Werg isolated as described in
the e&mmm@wm@ I'Dv%RESSr earhl petais ethed\wabsi aﬁmﬁtesamd TESGutes,

oS D AT SRR, LS e
respectvaly,| wiat I‘u@éd?ﬂ)r lall sﬁbﬁg\ﬁe@l’c fhhnipBR@VAs. ogghs’:éolﬂ?fu?é'dsinff&ctmns 1and 2

the wld ty (W) an transgenlc(
were drepise é(‘flﬁljtfﬁ?&%@ gfﬁellamrptﬁplbrbc pa}btldmn'p onent s rotated to

Each
“ORCS R ol BURABRAL Bbin96c MY dalssisiag sRitroin Figure 40 for the
wildtppeomense (WAT) anicthe Lailen nﬁ)ué@g(% WSS gpé&ala cHBReBRE bl eight
for the individual animals.Filtered mz intensities

represeniaiiveSEmBISs wege @ﬁ’éﬁ’zﬁé BY iTaeboSEER{EST Weg@emttqg]antﬂ @ﬂlSt NCBI
t
nonre@u{.ldlz{g% %uéé ?ﬂst e g tdlﬁ‘%ﬁastaf‘ C’h?é’ Qthq Ies ﬁ)? ﬂ'grsvm ag Ilzntg Were further

Ver1ﬁp<é p$leg et MASCOE e nalmdseqmrﬁb@ dnH Qlafaﬁm%%h $00M tfe threshold for
cul at e dire nal. contributions to vari ance

assigfi GEAnafRshire b 41 theREBAL seagse Geverats set at 20% of total
residiQuht. VEReYprofRnt 11 Q/Qrefc?lfs?é?écﬁmaeh? %%ﬁﬁﬁg {2 tlthg %%eteﬁr%hc component

above the 'nom nal cut-off
by ge@@rﬁtlmg Kavalus spestratiellovet b d1saranmamtmahym@; ect bel ow t he

U 0 Sl o S o
plasnﬁ?ﬁrﬁ&@émblyccﬂ’fmﬁéh@éﬁa%d He%%g%ﬁéédéeiak se&e\’i/fsr Lﬁgg n@gg Rqal individual data

experinmental data was analyzed in paral
sets Wefe infegigted separatply and IMBRESS epelitymozivelves fibenihedei ses were summed

and sﬁlﬁécﬁecﬁﬁq £6.08585 le&erﬁ he ! Ct Or*rgqglré’spgf@d%b{%i?ts which is illustrated

__thres par ame
in Figures4 lg sh@ws Hﬁé)mats&Ss folﬁﬂ{e wild type (WT) and transgenic (TG) animals

generated based on two principal components rotated to achieve maximum separation in D1.

Each point represents linear combination of metabolite and protein variance factors (60 % of

original data set) for the individual animals.
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were found to be major differentiators between the Wr
and TG data sets were extracted and identified by
WO MBS The conbi nation intensities (raw dapPer/asmod/Q7022
scores) of differentiating4factors were neasured
directly in the LG/ MS chromatograns for statistical
and cal cul ation of fold change.

| ef i can C%Pﬁ. 0 ?1)8 | | e.
RIS 1“(731 5 HemmEBhoIEE rrEPetige iSpectiangre organized in a linear
fashﬁfﬁflﬁ AROMB{oe ploR BB (vAYS Fid gl?ﬁng\értcpstﬁﬁ‘liﬂ)%cefl?ﬁe%athe c%‘rhtral axis

|'i poprotein and | i pid abnormalities associa

© represqats Apgen|aad desiahsisn omnypaments Ivhﬁsc&zlhkmrﬁi Bitdiadctiodal contributions to

vanéé%@ %fwa%g ’thelcg)glgglz&\gg%@sg%g% gl)oupw }%1t{yg}yec%§rﬁ?rkblg%g factors are
seengdrojedtitgedtions ﬂieel{omlﬁﬁllfdﬁff@ff W@éﬁ of @O 0 Nega@ve c%%ﬁ?ou%‘rg BPhe overall

and Mensenka et al, . 274,
Vaﬂ?{nfggg)le‘}tb% r‘éQISPt))Joua‘ﬁathe progel n IeveI vve Weret
Lden, rian
xag?le 1553& unc P%(ﬁaa% 3%?5{9 Fch r‘?(‘ %‘?ﬂdcpmtem and

the raetabtﬂics:oﬁgaoﬁmtst&lmduw}r I}kfercbgéﬁ@cm@xpéﬂrﬁéhtalrﬂa@a M&@&lalyzed in
in Figure_42) and LDL/H

r ot i n_cogpone
Paraflg PoHnds ﬁ‘fg%ﬁ% el él&nﬁiwwglbmm ﬂntammqswger@ﬁcogtchbmd on the
fact(ﬂ%'ldt‘é?%&%% ﬂ?%’s‘h@f@a?é?et@ld%ﬂﬁ%é s%{ SO %%%F.agﬁ%masses that—

- béen F'ess  abundant 11
weredound snsgeajoc diffecentiatus baWeelgthb OME and @G &fa Sdts were extracted and

iden BEHEOEAT S bt CnPRara Dientiic Grvidee: asdderiogrespot
dlffewrﬁaﬁﬁgsmtogwefe%ae&ufé@ldlﬂa@ﬂﬁﬁ%é Emg%ﬁrd?ﬁétg%%tﬁ% f%ﬁ;g&gg}fstical

defined, HDL levels in plasha have been s
Slgmiﬁﬁwe&B@ 8 handoesdtvilasioniof fioldchargescl er osi s

L TR T 1

to hpnpﬁi’iaﬁlaﬁﬂlpmad’bn@ﬁﬁﬂ[tms atdobiafekiasifBthe MIRSE B R hotype.
factors identified in nmouse npdels that contri butey{)

[Mensgpleming ab AdiepaS, 1 $H(200Q); var mMaagﬁeab@gje( alagoBjol. Chem. 268,

59 Tt BB AP B0 B, 1 204 199
MengeGEAR) ednl. §cBw&r@1mm rxydepsran (B%) 1[ Spddifasuligt atahe protein level we

were\%gagtg fﬁs (' Elbaemlgn eAtP(glf? 3L§m|}%glag¢lﬁ:c%%@msi% IgixgrLeJ?QQ gg@ flm:t:%onally active
in thé 4888 nik aﬁfﬁ%ﬂ%ﬂ&‘l@éd Byﬁéﬁg&?&a@ﬂd@ Zﬁtggf&;) l(I?ro‘rem component 1 in

functional |y anal ogous to a ectl

Figuiegt2p pgh LI L/HRE (]Drdthatcpnnpnndnln 2 i Bighexd2)dfactibes ¢fajlahaim denved
par ially th

i AP LFURL s et S B o
plasnD&Stk s bdriey mfi @ 1n@i@§t‘i Rret Bedr QL m@d}g&gﬁ&? UPthAQBé\ﬁpo'pf'oteln into the

the stoichionetric i Iance due to constituent
LDL/oH@léé@pﬂé@@ﬁémthGSe atimalsApoE3 and its preferenti al

r..LDL/ HDL assenbl y. is stud
eI g 3 3P ipbi L ottt potsen fally
defineddAL ﬂ@felszmtplla&ma(lfava bbdnGRbyn ¢& m&ﬁvéyéfe@dﬁongﬁp with atherosclerosis
rat| n h content anal ytical output and
S“SCG%HE*Z‘AX PWt gF-ePerpa Refe 1R 2022 (AYWNeand Glass andsWﬂztum] A
DOSLA rapi.d_ el uci dat i .

nmn&?gmﬁ?ﬁ%g H{aarglfciimt 'IlréS re ﬁ | {)/IZHI;Eﬁaganc O%Pr%ﬁng?t taiBrsYenified in
mouse m;mbtsdhm contribusdbiol lowenineslaat 0D iRaladel eéfedrs if\ A1, apoE,

phOSphO?iplde transfer protein (PLTP) and the overexpression of cholesteryl ester transfer protein

)

(CETP) or scavenger receptor SRB. [Callow et al.; Williamson ef al., Proc. Natl. Acad. Sci.
USA 89, 7134 (1992); and Wang et al., J. Biol. Chem. 273, 32920 (1998).] Assuming that the
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phenot ype was possi ble. Solely based on a biofluid

analysis, this effort represents the first attenpt to
wappsp2@EYSt ens bi ol ogy rationale in a way thatPCHUSE84/027022

quantitative proteom c and48et abol one data to explain

di sease. In the future, it will be possible to enhance

.1 his appr.oac ncl udi ng the genom c conponent in
Leidep én\ft%tf ?‘“&‘1‘@%@* emarcgou% peiiye iARPE ﬁ]éﬁfl?,slt is highly likely that, in
the ¢Bhkdxt BF e TicfRH 880 RN dhd Rk !PfD]% Y afl %@@Jstnﬁf‘ﬂrﬁgﬂ}; FRREG of the

t o under st andi ng pl’eotropi c e ects
Apof&3 transgene bmstioExQnp pessthilitSyfet darseabe ol togtj{ enxh@eﬂa(SMpoAl is the

B D S TR T AT YT N

recréighéntifed EQLAIDD Asse )ilities according to the
i nvention. The general area of nedical interest was

me tTAksoItady dﬁns@a@@tes e dtiliteoframultileviebanpyodsd fand‘laymhzatlon ofa
high%&ﬂ%gﬁ R RY End b LU Rl B oot EEbp e integrated

pr1nﬂf31eeﬁ>ﬁfpogémlfabt@1fs deftentrom(cdirdsiscthtangk, @?ﬁ& ERkidane:s of identities and
the initial phase t he project

t ed. r| n
the f(ﬂ'féﬂ%% amteﬁ@ gwom@%m@dlﬁaﬂnqd%@ré thad definthApeE*3-Leiden
I S
pher BRSO 1Ak Gl BT e e ——
attemptrtp lapsly\siy$thing bﬁm‘g‘y mpemlcem a whetlapedic iqaathpteed pré®8émic and

t he d as IIo Phase | taq undertake
meteiplamicets 2 S st n Cafhal i RF e egaiods paaace this approach by
111011&%@1%@ ﬁérﬁf@c%fﬂp@ﬁé t"i‘iﬁ‘% rIHHHB O
he sa%f) | es based onn thg ser u%&%&%ﬁﬁwﬁ%@pﬁ y@fé%fmulnp le
tlssupfr aifd mele iPhakeglobal veth respeghitol mﬂdnstagdmgqﬂmmpardfddm;f gene
i.ng of the sanples as determ ned with the actual
pelﬁg&%ﬁﬂoé groups; to define, for each of the sanple
types, nol ecul ar conponents (bionmarkers) that can be 5

Exaiplb. t 0Sghréhe bNidydpproues: Membplio DisasdSmayf rom
another; to construct correlation networks for the

bi Sﬁﬁﬁllﬁﬁfys The o9E[e rgoﬁloofgﬁis '%Xérﬁﬁl'egg‘fo de&{o‘ﬁsﬂrﬁ’c@ molecylar analy31s and
bi ochem cal processes underlyi ng t he di sease or (]:11

data irptegraéen ¢ape 1y€p@c§0r6bmgit0 theinyetteomi The gehetahaca of med1cal interest was

ifferentiate dl

metefBhE ’?&% ARS8 e e 3G e oo e two animal species

(rodetd aadnéh- hﬁl@ﬁl@ ptimated afld S6RAIREIMETBRCBAN KIBLS off %QJH 16 of rodents
contrqol human subjects. Blinded anal yses of

(diseqeadzmdicpieolags prigtesatrdplyringdbe mitial ph@ser@ttheslapm (Phase ), the
testo?%?h@%rb rtﬁz% 1€ (el Cileeaftdl Cge%ufjé@?op&{t oy OIHH‘[S%} Cr{;]r?ftgflte and human)

upon u i ng, correspo exactry 1o X

but vgasdllli;ndecbfo thel dpthidsof{ the gamparg of ivedinglles, withis @ eties.
drug, Control + vehicle, Control + drug). Blinded

The specific objectives of the study were as follows.

Phase [

* to undertake metabolite and protein analyses of blinded serum samples from animal and

human subjects; and

* to group the samples based on the serum metabolite and protein profiles.
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anal yses of the profiles for the non-human primte
sanpl es reveal ed two distinct groups that, upon
wapbsiondefg, corresponded exactly to the di seaBerUs2vd4/027022
control groups. For the hurtn sanples, blinded
anal yses of the netabolite and protein profiles
Phad eal ed different nunbers of groups (4 or 2),
*——é@%ending upon the anal ytical platform enployed.

An i S on.lipid.profiles reveal ed t .

€ A gl AR o dhbafi e uR iR he Shrl R Aol aonith the actual
aceampleyeréupsf he di seased patients and with 89%

accuracy to the control subjects. 20 A |l arge nunber of

e taddine fg cadidoffhosamipls tywes,andldanid dog@nédiatbiomarkers) that can be
diff & ti.at ed bet ween the groups of animal and human

set lellr%‘?r Uaterpne grapp pf sAginles J&om agpthethese bi onar ker s

o 5 SRR R RO UL OB 7 LRk i greb i o th o the
of bideBerniohitbeestdsnAOUFin PR diRBsEhT BES rbited Elﬁer{féi@ggf@ﬁ

rodents of the drug treatnent on serum prot

"A tedterchinavbetheraholtulali sognpements Rehic ditrsfentiste Mise§M rodents from
he 25 ] evels of over 150 serum

i d h ' . ] e\ or o
}N: Bﬁ?‘ﬁ’g"ﬁ ?‘?Pdeﬂg%%g ﬁ@%?%‘@a%ee‘ahl%é@“ﬁﬂr%nt@ﬁ‘dilmée?dhm@ients from __

- —patdRrl umsh aliidgs. t 0 The | evel s in the corresponding
control subj ecf]s. As a validation of the rodent nodel

P En ot s 2 e BeBPOUE AR P o oot R 8t R damgles revealed
four €1@EME EistiMctEr@gHs that, HoRtRBRAUIN ,rc%Hésérﬁ)gﬁéc[ &Lacﬂ? grg{lll%: %ﬁt{ugl groups of

di stingui sh with good precision th I sease
samplesdiriscaeedcbrelielr, Piseasad $uig ctamtrol hivelidiecComirol +Theg). Blinded
| of .this.exanpl e was t rovide a basis to
anal}gésgse@tlgg P% e%sr fg)f gg nﬁpé}upgwi)&%te Mg@:}ﬁ&fﬁ@?f two c?ist?nct groups that,
uponrebihdibg doe@spnded B84 iheHide8sAnoH EhES Og?éuﬁ%p ok ﬁ{é human
o conparative studies of pre-clinical and clinica
Sampagsy bhﬁlr@g@ﬁﬁlé@?s oSshameigbolr erd proten profilesrewdalahdiffertnagumbers of

' t | of t abqlic . "
ol 4% 5 UepBLAN O Pl g 5" s o oty on i
profiles marealedivive gtaups &g wpos blinddfig, 2ofredpdhes wRRY6Y RBuraby to the
. ___non- hunman grLgﬁgﬁ;. The project was divided into two
diseas nts |3 PSS 7 acouprey e Segontipksubicctided wi th
r 68 RaEt nﬁtﬂbéadf%&aﬁoﬁftégraﬁa%#%ﬁn?%aﬁggﬁt#{eetﬁgﬁg%tl differentiated between

conparative quantitative
the groups ef argmakimigiumnancethinn sarmgles. oThd\WRtiae thVBIstof €lude BlvRSarkers in the
sam enforvrr@t'x:s. ggtg)gtgs such as unsupervi sed cl ustering

PR AT gt ioShe Bipchemiclpracgssesiunderdyiag herlisqase eidrug response.

One &PtREhoEBIR RIS WiB SheCHilcHinife BGEALAT G MtsUr SR %rlﬂk ﬁ%étgﬁje'nt on serum

At the conclusion of Phase I, the data was un
proterygvels. Aepscandydistinat fintimg wasshoralitvotislentivatiwivkdpread changes in the

' W i gh degree of accuracy. The i
v AP B 4R 0 B S P S e e
the lenelt abthlei coassppndinplcohdINGbiebd! AGANliHREES thOrddbA: moc}]el as a model
ifferentiation of the four experinental groups wthin

of thf‘tdlﬁlén 85960, dheigster way Memeble e usedhe setofiyeram ligad bioamrkers found to

' ' l.ch .i.ndiyi dual .. .
i N IR T ——
patierdgltom the comtor] heinat sebjscthet ween di seased and control

h n .suphj ect, groups and_t heir rodent-nodel _
c ggﬁ;"éfﬁg‘{ﬂ-s{f’iﬁ"é}f@z&%}% Petis Fapplecwns tipapvide p basstosaseess
integrdte@latdrAs of bR RAEYERMbolomics and informatics technologies as applied to

comparative studies of pre-clinical and clinical serum samples. Serum samples were provided
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the hunman di sease and the ani mal nodel. This Exanple
hi ghlights only certain results in order to exenplify

w0 b@siomaent i on and its techni ques. Sanpl e i nf OPOEUBZING/027022
In Phase | of the study, the testor was blinded with

respect to whether the sanples were fromunaffected
di seased and/or drug-treated)

ﬂo“é%@{“@ ‘%‘" o‘%ﬁﬁ%{‘{dbei gllfl ggo t ppdel 94 mstabolia fdmem # eempaxative study of
meteﬂ!:@ﬁ@ d&%bs‘érm'h EF S edtd, - 61' Q§g§§%?r 'r&gﬁg\ lﬁﬁ[lgﬁ' F nﬁgﬂqn primates.

nmbers of es"are |st bel ow.

The thumy was dawd@ijmtu twogthabesofln Rhaﬁﬁpﬂhlfe ¢ewbrm3ﬁndéﬁ with aspect to
rom a

sam@? é%fz)%?‘] ot rql% npt%m@c CJGOgl”(I)Ra'l‘I }Vgac A titatiyg m@ﬁpﬁg of metabolites and proteins
usin@ @ BbMbi{a6bL df NMI@ WBEREPECHRGRA! $nBARfaRY %ﬁé@l‘x&ﬁ @ﬁﬁgas unsupervised

rqodents (control) were subdivided as
clusterpg pealyses svereepplied ko theldatalte datermBedhihe Bmperhmmml @goups could be

accu}é}itélg d?é'ci" g]{lfr?aéca %tst%a?§ dc ltﬂslrlém (geﬂ«éa%% glilea h% gzlag p&&gpds@ and it was
reveated ﬁhﬂthe&n&h@@ﬂﬁ;@d hay fesins BoBd Wwith éhﬁéh; c?égrécfof%gcuracy The

serum sanpl es (300 - 400 nL per ‘sanpl e)
emphasH; Qf.%%ﬂcgn@pla@ﬁ 6@@uiWIﬁwtwetcémmtahohmsmdwtansjthat contributed to

the_%@é}cﬁtﬁ’it 8‘&&@1%%& q’l%ﬂta?grs qﬁﬁnztge E%:ﬁpé %q.lg tment/dlsease study -

as wéll mdﬁeﬁmlnailyomﬁf th@ébftbmﬂﬁ Iwhli)du 1H&itvﬁ51a1 Aoleehiat spa:fcleg 4re correlated with
serum sa 00 - per sanple) fromnon-human
one anofher E% '%Ié‘i“é% t(a?%?lﬁfll(é’é Weﬂ@#%ﬁfedr@@d chafted iupansabjest groups and
their ERMHAE AR JR] LRI RO TRl PEER SRR AT o} iR ies benween
the h&lsnanﬁiseasecanduﬂﬁé grimal madelp Toisdbaigsde highlighes a6l9lconiie Sesults in order
eve tinct analytical nethods that
to exglﬁlgid}%ytg? H?e"ea 4@%?&@“&%“ ling of a wide range of
o8 Afipledn foi AIRRAC M Phasgh%%e%ld;p% té’sttbtl V'V ﬁl'de&] Qith MR ect to

or M5 as anal yti cal oi nts
whethgnthe sraeplevpeierdfione anaf&ctngnomai) wdfmted (dxsbassd asHsr drug-trcated)

e SPTABNL SL BOEYebts BE TS PRSP

goummm&mMpwmm@@wmll as a range of
bi chem caI cl asses. Each pl atform has_ the capacity to
A. pr g-u- tgcatm Shan. RO MAYR] (P BHPES QRS alﬁpd@):al\MfBbISCrum

samp?es H% ?&9 agxgént\r%@ 61?7 v%}%g%?s ’fﬂ[’c)eg{p%gtgc grug was administered

to dlslemsfed rrﬂ@dnltmdfrmih dlgaa@@irlaaér@@(doﬁﬁel) SREPUILAiIANRs feﬁ&xzs
i nformati cs anal yses., Methods applied in this stud

ar e 0T 8t etngbireaied with vehicle

n=_§8 control treated with drug

n=§ diseased treated with vehicle
n=38 diseased treated with drug

B. Comparative study of metabolic disease in human subijects: A total of 42 serum samples

(300 — 400 pL per sample) from individuals diagnosed with metabolic disease and controls
were subdivided as follows.

n= 14 Subjects diagnosed with metabolic disease

n=28 Controls

C. Disease study of non-human primates: A total of 24 serum samples (300 — 850 uL per

sample) from non-human primates were profiled.
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. Protein LOMS: allows profiling and identification

of peptides and proteins. 2. CPMG NVR enhanced NWVR
wore@sedeent of | ow nol ecul ar wei ght net abol i t BET/US2004/027022

Di ffusion-edited NVR enhaited neasurenent of

| i poprotein-associated netabolites. 4. Lipid LC M

optim.z or profjling of |ipids and non-pol ar

net afol ﬁjé\go. %h‘ém PP3iE}monkesisa processi ng. The
resuht-aryt DibRs&PRaL b rith&EMaoGRdQMat ogr am obt ai ned
froma profiling experinment may contain nmany hundreds
of Mrihprds uhbzedreénagl@inal prieéiling| Fhe eeprakubnid alrcBxaiiple to differential

prot R B BRI R R0 Pl R el il i Pt e

quarftitaivegactilittodfen fide@ad® ofehdlectibarlcbRpb RIS TIRAE nRkhods utilize either
NM}gggﬁ”ed peak jntensities_across the sanple set. As

§ preenabfisekendpyists Arpilingplatomsdues deenyoringiped taking into

' ' a6l . enent _of relatiye
acco%ﬁ%&ﬁ?ﬁg,?%g%ggﬁgfﬂﬁﬁgar?’égtﬁlgﬁ %?&ch‘){pangf Faé]ﬁf‘rgﬂ areéiteélﬁn?cbto survey
molesolep ¢hres atay spam ordersosf rﬁhgﬁﬂt&deeim@blﬁndl@c@ t@@ﬂfveﬂ? @?h?é@(@ of BRIchemical

al ysis to anot her (i

1 rriggt oclcrfo one sanpl e .e.,
¢85 Pra ?Chd? ?#%% %Sghe P3pa odpeicdainysgontrongits (yngesds to thousands)
ithined &A1 ARalli ' il 1,9 T
i i e e LR
infornagion ifer infegtatiopdntocnmantatiorad rod mfemngtice analides hishods applied in this
smd)get]rielfgeﬁdb - Data analysis. The data were anal yzed using
2o dSA %819 er ent statistical approaches: (1)
unsuper Vi s ustering_of sanples_ (including COSA .
i Q’Fefﬁ}nc‘gﬁ%ﬁ#ug%w prgfiling and idantifigatian ef Bentides encbprotedns.
dep erapNIg Iﬁlgﬁ%%ﬁhgﬁéed%ﬁ]&%&rsﬁfeﬁ{&t Qﬁgﬁ@rﬁ@se’:?@gf g’igﬁ’g metabolites.

sanmpl es, a orrelation networ

i ddntiffysionreddedNMiks eldmhvaelanedsnctimend oflippeFBRAR S Sated

nmet abol 'ﬁ? and protein sets for all sanples. In

addi TS %S e prelimnary data analyses with a

SUPPLipidIEYMY: SRRz Ok Minglo%ﬁgidfs laf nf)ﬁ’-éofapﬁeta}f lites.

purpose of classification wereundertaken. Figure 3118

a M@Mtqtdﬂﬁé priata proeessing.oThe resultiont NMRabyetiusn or LC/MS

I nts._of...the data anal ysis. process are

chroff¥o il PYocelnk O § o B agenl PR 2 PisP i Tundped of peaks that
reprebiatt e fezaive @bundadidisliiun@redo6f PbREAIRS. "PaRerddekGng software tools are

var i il n within the dataset. 2. Application of

used ig ¢ B FYLaton 98 s Wdermation fiom eagh detarfees well @O’ comparison of

LnCi LvVSi - VB Q usteri .
T T —
stepsamdlyde pedk deteatiors aidantasarenfont of @eititve tntemiti@MpetahRERKiBS), an
“qli Si %i,fe cant, discrim nati E% peaks, by neans of )

Y a PR LR CPBTISErifeEn It dhEarncepin nealpgution thabmight beer from one
samphatfafikisA0 dndthbOf b, skt AerdrdRBE i WHAE &hical shift or LC/MS retention

time for a particular peak), and assignment of an identifier (or index number) to each peak so

that it might be compared across samples.

Methods utilized — Data analysis. The data were analyzed using several different
statistical approaches: (1) unsupervised clustering of samples (including COSA hierarchical
clustering), (2) univariate statistics to determine peaks that are different between groups of
samples, and (3) correlation network analysis to identify correlations between individual
components of metabolite and protein sets for all samples. In addition, some preliminary data

analyses with a support vector machine (SVM) classifier for the purpose of classification were
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4. Correlation Networks: determ ne statistical
correl ations anong pairs of peaks. 5. Data

wor@aaki1zat i on: use software tools to incorporBCEUS2004/027022
dat abase information with tShe experinental |y generated
data Results and di scussion for the rodent nodel of

undeg"fe abotj c djsease regardi ng anal yses of serum sanpl es

e Acrer@iq wptesawtionzl taindaty aralysiowokéigvorlements of
the AURSHRAYSH 566k<S bKSIRL 8o 0 n BB AL Bl DI T nded
rodent” serum sanpl es. Unsupervise A0S er ngis
st at i Beta Normakizatiod: taﬂmstuag foe phitformapetific pmzaimlxﬂﬂuwmemataset

o,fore f e classification or the
iy eéplﬁ ﬁd? F%’?Ofai% "ﬁ%ﬂ@ﬁ%ﬂﬁ@ ﬁ%ﬁerleamegwdéf
sanmplescodn outline of the work flow is provided in
Figure 44. In general, multiple data sets from

nul t | plRsingingl QPHtpanelmAnalams were normalized and
cl uster ext nt an i ndivi.dual data set does
3 chS Mgl Eoa el ) -

not correc the nultiple data

set's cavedpsl mmat(nmﬁaxegbn{pleseonl )corrbl ned and/ or
correlated) for_ further cl usterl ng analysis. In this

Ex anpieek selpetim fgnideaiifigationo feteraing ﬁmnxﬂcauh disdeiménagieg peaks by
sho I S
- co n‘é":rtﬁeea&;]ig? ggﬁ%%}tg Sﬁlhtgﬁcteag{n ﬁggséﬂg or’ c ot aéllsengﬁ?sg gnd prioritize for

obt aiidemrdificetien nore robust anal ysis. The concat enat ed
dat a ormalized and c|lustered, and the results

note Gt el S Sterpine Sfatistics! 6PisRplians asmpsggeirs of peaks.
Dat a 1904 VechRshtiohO Msébd il 428 oo ahe Etfe‘%fafﬁ% §eeifiﬂlr{n?90n with the
in clustering of blinded serum sanples into

gr oup%pemmellt@lﬁﬂgetmdtéciad@mce bet ween the platforns
Clustering into

f
Bfgﬂiso:mﬁi; egl88 g'gl? a{rﬂethmg *ﬁgﬂf‘éa‘b‘}ltﬂ disease ﬁ%gardmg analyses

of sei‘uml sdnfﬂléd-fmmerﬁﬁﬁﬁﬁuit@ﬂﬁg ghﬁ‘ﬂf‘@ﬂ%mﬁl?%s Mﬁfs@d n unsupervised
ul.timately jdentified consiSted of sanples gugfg

clustering odataprileptsd fom tiveded rodans s¢m@l samptdse Ux@amvlsed clustenng isa

T T N L A A M -

or tht¢ hemBESA didtinst gbhp@n&ﬁ@bolﬁebﬁo@éf SaRHERt 26 MRS O BOWokk flow is
M5_anal ysis, after data alignnment and

prOVhsﬁ i8R 440 i geperal piltiple dgta jsets fnonemzlt@?e?alw@awal platiorms were
nom@ﬁ?&?a[rﬁ%lﬁs@er@d T& gﬁfeﬁ %‘ﬁs‘{ ARG %lat%a? 7déeg ng %0&?0?1}5 ghflistinctly

anpl es) were use ering
clustclh éleanlhiEplerdataasketsl dahéepbadatenated, (i PMmMIMRI @or correlated) for further
ffus oneq{lhgd NVR, . cl ster ed the_sanples into fewer

clust%r}m@ Bt s frereleg 0\1,}%}'1 eettaynef e dxlivigpallatassts showed
appr('q_frﬁthocﬂutft%@ tebUfak ek td Were! cbﬂéa@erﬁfk‘a ANERY Gitlor 228 la}{g?/%f ﬁorrelated to

ure 44B shows a nore robust representation
0 talﬂ@ulevgr wopsrobast anassis. Beclcasatenyted Hatguas ndvtalized bhé clustered, and

cl ust.er pplied to conbi ned data
ther rﬁgérjnjwtg e%“f;g EF rarﬁsmh% ‘ffétgoé&l E’ﬁalﬁ’?tﬁﬁ‘ CPMG NMR dat a
oribata It:el\lf@@écb@om hﬂ&ﬂdlﬁidﬁ&ﬁ;ﬁéﬁorﬁﬁ'r&s@tltéé irﬂﬂu@émg%@ #ifged serum
only revealed two clusters (not shown) at a

Samp{oS SHHO S IELHPERS, (e olyidiEierauss bepiven mlatﬁdn%eiﬂmhé #@ber of
clusté?ﬁ ?&ﬁ{%heél&tt& n)\%eﬁﬂo“a‘;tlogle groug uvrvasccl)besgrrve Witoth the protein and lipid
platforms. These four groups that were ultimately identified consisted of samples 1-8, 9-16, 17-
24, and 25-32.

The clustering of the LC/MS proteomic data (i.e., a single analytical platform) is
illustrated in Figure 44A. Figure 44A is an example of the COSA clustering analysis of rodent
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exacﬁg?dé{r%%d?ﬁfg&te 1ébléHftfc gllrioeﬁr:hgs et V\}g‘gt?lmtuﬁb% % r ea ‘Q and
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Tatibenlt i Saimgpde IWentification FredddabA fieeflusteeAbaigsiexper i ment s
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SempkdEnt ati ve @oteer pt show ng di fferences observed

anong) et abol 1 t 8e 8o BERE HERed Ivith YORRIS (DISTRgUT € 49A.
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Statistically different components between the disease and control groups were extracted, and the

o %ol 10d v-,

difference was quantified. Then, the system was perturbed by administering a drug to the
diseased group, and a similar analysis was undertaken to determine the differences between the
treated and control groups. Finally, all of the components identified were compared between the

two experiments to obtain a profile of the biological system.
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di seased + vehicle / control + vehicle Effect of
di sease. 2. diseased + drug / diseased + vehicle
waEpdosoroied drug treatnment on di sease state. . PUCHESNOH027022
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le| fispasad +oiebielest qoptralat siehiglet. h & ffeat ofMissseonpar i son of

the eight diseased drugtreated rodents and the eight

i diseased Hudrhg LdiseasedatvelicieadeMiffect of digg ebfteeht omdisease state.
di sease state). As can be seen in the | egend, the
3codeased t-sing@f connobiegijg. of .. L h€ohglayibskofalreg-trogted aiseAeSwith
pr ot ei ns, tabolites or clinical chem stries neasured
bytr?‘ﬁé‘PW’fO us platforms. Al of the nodes in

thisfigure, and in figures simlar to this one, are

e ofisenset - <Irygy eantmby avehicle). . .pedpomprsison pf dung-tegated(disepse with
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o s Gl "GP B R S PR e B 45 i dsponen
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nodes represent correlations in which the Pearson
compogents it st to evedtimperias rélatienstiips a00ng dhe vadio8S components studied.

T —
information abvie tietslostefticd] byocbyseslanderlyindatie HRedst @r BhERRpERL.

\rMe#r esentati on. Generally speaking, two conponents
1gRref0ds gagresepiatiye eerr¢laion negwerkidegized fom the proteomic,

metaB318Mi Sl @Hnlidhl chemistry data in the pairwise comparison of the eight diseased drug-

treated rodents and the eight diseased vehicle-treated rodents (drug effect on disease state). As
can be seen in the legend, the components (or ‘nodes’) of the network are the various proteins,

metabolites or clinical chemistries measured by the various platforms. All of the nodes in this
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approximately 4 o’clock in the largest circular structure), and furthermore it is negatively

correlated with many other lipid components. It should be understood that this figure is
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Figure 47, correl ations between different conponent
cl asses are apparent. For exanple, the offdiagonal
wae@d/oedias |ines up with peptides of index nunb&r/ESmD4/027022
22-32 and lipids of index Benbers 10-140 shows regi ons
of both hi gh positive and hi gh negative correl ations.
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s . of est S
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y>atients with 86% accuracy (12/ and the control
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I'SCrimna en sease and i
rodents treated with vehicle.

Results and discussion for the metabolic syndrome study regarding analyses of
human serum samples — Unsupervised clustering. Unsupervised clustering was applied to the

human data derived using all individual platforms, protein, lipid, and NMR. As mentioned



15

20

25

30

The [ ack of strong clustering in 2 out of the 3

platforns indicates that clustering is dom nated by
wordsn2fiatt ors such as nedi cations, gender, ageCDUS2004/027022
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and the set of peaks which exhibited statistically significant level differences between the two

groups of human samples serum.



210

15

20

25

30

Resul ts and di scussion-for- the-eonparison of rodent
sanpl es wi thrhuman sanptes - Clustering and
web@ssediezati on. Anong the 571 peaks that wer ePCDIRIING/027022
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CluSteRBB aniac1nbifich o U ARIbhe WS 5 TI0peakd Bdbwedetcofibitto both species, in 366
deduced wi th high accuracy by inspecting the clusters

therf ovenesighificaniendanshanges hetween thestworedent [ZEwb {3t @significance level of

o0 BHLEEFeF HRPBUAH S T DhBSAER Hh Rt 30 o v

usedRASH BRI NEcEETtHEE vage hitGraleldletersibithedatgcaprised f tHeadiseased
correspondi ng 366 human |ipid neasurenents as

hunjang qgethee mtht%@fséisyé@d Vdﬁgée%@af@é pedegts apfl thm%ﬁmi gﬁtﬁ%%together with
the gc?r{trrq? ¢l 1¥1aeﬁtge%§a§%%§\gs \g@{e't r%gllggmtf‘é@ﬁ%laggs;}@ {3en&n it{‘ﬁgﬂl?e 50A.

sanpl es as seen |
Spefifigailg thelresisgftaaC@hAwmallybie of heoas sermatsemples ain v3iidh the input data set

usedpiessifiRaian congini 6 560 MPdeR BnEcToas o wsersbogpt model, i
shmg?.d Ghe ?i#bfeqje{)&ls %%Eigrgég.g{é?&?&sﬁ&{dﬁl% well PP Al 368 control

rodents correctly led Tn aleave-one-out
samplescZHof the 28lcentrolhutrans awthall § sosgrol rodentsheiongdatoae grayp, and 11 of

the 5 Fefied BumGR et ALLEESH FOEoRREREIa R S iy, 1is coneiuded from
thisaASIGSE KR Hethe dfaBAdIACHT thOM@BAAORAS 10 kbwh,NEcould deduced with high

classification andpeak reduction procedures may |ead
accurecy by insperting i ¢loFiers HenmedHe thii weaedent gsuwat nodel s

a good, nodel .for e i ' j ; . .
R TN T
whidh tHe J84rrede:s aptd @easurcamitiarednip dianodel bAildiagpetrand dlte corresponding

of the 571 LC/MS lipid peaks that were common to both
366dpenandipid mpasireneninat an nderendeif dost pein The persentageel human samples

1.5 ferer ' i '
confl SERREE B ANEE 00 PRSP 405 ik 42 sampe
as su&i IdFigwe-Staifigde pakhiowssthe Sudcestrale dfan SVM limedr addssifieeas a function
571 lipj.d LC/ M5 peaks. O these 195 peaks, 185 g
of ragibenpt BRid PFekSs At Riahepis, o8 Wtéa@ar%gseéﬁgrgwgﬁel&#ﬂdm& and the

Suc%%\é\?éte ’ahy g&%ﬁlﬂn‘g%?&g ddrfls HrRRAS eMsMBed MOMEER-dne-dit fprocedure. Also

t1on, correlations between pairs o
in this phalygisdhe hwearedgsa awarsed boa tesi sot,iahé theswaeesaraie sgliepercentage of

hun?a%g.%lo%géﬂy classified by the rodent model. Further investigation of the classification and
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a absol ute val ue of Eearson correlation coefficient

greater than 0.7, indicating that not only were the
wa@bwsdanee di fferences conserved, but al so thaPCT/US2004/027022

under | yi ng nmechani sns i nvols%ed in the regul ati on of

those lipid levels may |ikely be conserved across

species. An excerpt of the results are sunmari zed in

pealreduetiomrocegyres maydend tocdhe penfirmagian ghas theghwaged rodent model is a good
mod‘éPfUP%ét%&'Hc‘ﬁfisebé 'hggglg:@_dance changes and correl ati ons
roden

1i . :
across human an t species. In the figure, the

| aRysults and discassii foir thé cahpamsunsof rdderit Amplés with human samples —
a different i pi d peak. The shadi ng

i | d
Corfbh3auat: 4L EERhobEe 31 ER AR S B e mon o bt
specis rbGIdd tﬁhtC{h%I@ velrs ﬁgﬁi%@aﬁ’t%eafxi‘?fzi‘%%r%cé m&ngg,ﬁecm%emeen the

_ relative abundances are norna group
diseatiefl find eoutesl gratpe (e asignifiefics lavkl ef bOeaidsysing two-tailed pairwise s-tests)

representi lipj ith r<Q.05. e qut | ar.ge i
for FRE B PR LA PLEIS Pk 2B 55 954 P B8 o same rend
bothlspeEiBs (g1 Br ToWER adruSOdbunddick & §R&sbNHE r(:oﬁt?él?.eﬁltafd'dﬁion, a number of

circle represents the diseased human vs. control hunan

correjpiéens hebrigrarnage of limddepksigere porsaetdiotinip thahmwanfnd rodent samples,

AT T
onlyspere illesabubame dyffaattes onskeHl N alstihaalddyen@idchanisms involved in

pratei n anal ysei of blinded serum sanples from ani nal
the rggla heseririd leyelpanay ely by prngervpd a¢ross species An excerpt of the

{']151,90 %a]régl es based on their serum
resu%%{ﬁ‘g%o [ tagfzg%gﬁpl ot ei2h profiles. Goups identified
us Mige spacsietly nbigaredi2yshows cathpaidoad i ipidubli@icacharpds simd
h h [ [ .of th [ '

COI‘I‘%AP'L? sg%?ﬂ%é ﬁgrlaé@ g&t%ggétggéﬁ%aé%} t}ggggj!byg,a%ﬁ E%%gﬁgcags c%ggist of elements,

hOHRIBE FepraabiRBRAE ipl gk i JRLY.
emnholeculaPrconponen?%m?ﬂggmgg?Péren%igpgg% e ﬂ%%EEEEGHm
correFhends t mekerséative rbunveasariaghe Lipid in disoased tvs.wenirol samples. The relative

t.hensel ves, reover, wh i nked..usi n rrel ation
SR 5 L el e et 28, 880 Shns
reprRERGRSIHsigs Withth<0ndemht Sulch Birst SRASRpRIsedls HE if3RANS8ent vs. control
One of the nofe interesting results’is that the

rodeRipgredR PRRPEERBOTRIlG e itngt celceisiceinc]easpresdnts the disassed human vs.

cont{of HERAS ald B TobprSA frR ineR BB S bichie Tl B Reure are
corredativing pdf Buabroe cbéfficiEhe|Cyeald b, whichatcagesnt atweh Beclddi s

stydy illustrates the stren?t hs of the stens Bi ol ogy
angwmq opchgions. Metabghistand mptatrapplysesof blinded serum samples

ﬁom%%@l%ﬂd%maﬂ%ﬁ?j&?ﬂsﬁ?@tﬁéeéﬁ#ﬁle#Wh%@g)k%? é&w&ﬂ% §&nples based

Nonencl ature / hi's
on thebisern ateiabokiteaand pieeinspr(RISA: Gfdups identifigd Ging clustedng analysis

e B D s et ud with i
degréd §ff desin@By eH0YHth MM subldc Bt FhbshfRABHABsEP M¥ntified many of the
molecular components that differentiate the subjects.

These independent measures are informative in themselves. Moreover, when linked
using correlation networks, one begins to see details of the biochemical processes that underlie
the disease or drug response. One of the more interesting results is that the molecular
components that differentiate the diseased rodents from the control rodents are very similar to

those that differentiate the diseased humans from the control subjects. The wealth of data
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obt ai ni ng pepti de sequenceo6dnformati on using tandem

mass spectra (MS/M5) acquired in a "data-dependent”

i nstrunent node whereby the instrunent is configured
gengratetbygbis stuiB/iVBteirs the srehgths afthesyytepsBivldgy ppeikachagilizing an
. ossible. In.this node, e instrunment runs.a .
ine gL RO ol Thapo BB ot it Bolggies
NoméHlfYre £#8rml UBEPIH ThisIBamsiegnal s to sel ect the
—three or tour that are nost intense and subsequent

Abbieriationnhand Bermsach of the sel ected peaks. Targeted
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EO e mt o Pile i BB AARRRIGLE, Ve

CRMG A0RI Cath-ThetelbpRiobireGilpgih eciw WREKs. Exanpl e 6.

Sﬁl&ems bi ol ogy a%%roach: Human car di ovascul ar di sease
PEINMEE i Pikhsien-editsd ¥ Ras to el uci date pl asma

tabolitesg:th | | at e human car di ovascul ar
I'Sease pa f%‘?ghﬁ%{%@%@m hy subjects. In advance of
MEMS: udy, Tahdens MyseSpecsamptrgs were cl assified into
ei t her di seased or control categories (plasm sanples
MS%m i §g9?cé’f°ntﬁtr§ease and mat che't(j, cont r ol
ﬁmgct S) . NRRMSEF MachBIcaRR_bRMIHES Pl atforns that use
VR, LC/ M5, and GC)gI\/B technol ogi es and dat a

preprocessi ng software were applied to the conparative
Brajely Nyfm@nlatirasma sanpl es. The net abol omics profiling

ShBkeT isRag Ao SELAAnRR BRI St REH R using tandern
{asd @Rbira PABKISPhcqirad ird ¢‘datd-dgeqddit? oBtramemanede whereby the

determ ned. These entities ﬁ@re fl agged for . .
inserament is gonbenred i mersu MBAYE speciadPt #URANY MBtigespeaks as possible.
370 53 B P £l R ARl ey s
of péptieieipealt signalk ysedecothetiivee mefombdiad miegsos tterssetand subsequent

reveal ed asured_ features that were significantly

Ms_f/?‘@ W%ﬁg&:ﬁf%ﬁé@lwﬂf@?ﬂgﬁps of study subjects.

%@%eat Qq%gﬁb{g: LA th Do ibtdifRe PRFMCscREERSE i1brrh&tBon using tandem
project, “further classification of the diseased

aas§ gEcta QMISIMS) Has ivsrecdfequirasi fon sresifisdmgetidopealifsease
severity was used and additional statistical analyses

Example 6per Syptambivlogpayproadis:ieciah eatdiovescidor diskaee Wit h

the severity. t he cardi qvascul ar di sease., i t .
ooyl it bl Fah e ARG BBbuhsEaRp T e human

cardiBvA081aPlisERE Pt HomSheaeh Whfectsdghbivdred of tHe@tudyathe subject
correlation nétwork was constructed to visualize

samilest wert ickaasifiad into eishes gissased s pentrad satkepries4 plgpga saaples from

cr 5 2 A R DB 5 SR M g L s
NME, TS, uha GAMS etkitasesapidwWaeproprasemsing sofivee wak epplied to the

from cardi ovascul ar di sease_patients and tch?d
comparative study of 80 plasma samples. The metabolomics profiling platforms generate

datasets containing hundreds of spectral peaks that were initially not identified. Instead, peaks of
statistical significance were determined. These entities were flagged for identification, using
databases, additional MS/MS data, and expert interpretation, in the second phase of the analysis.
Univariate and multivariate statistical analyses of the metabolomics datasets revealed measured

features that were significantly different between the two groups of study subjects. Prior to the
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control subjects. - Study design. The study was
executed in two phases: Phase |: netabol omcs
w@b@sheries were enpl oyed to conparatively prof PCBEUSD4/027022
pl asma sanpl es descri bed aslbeing fromeither nmale
cardi ovascul ar di sease patients (40 sanples, nean age
53. 4 years) or age-matched controls subjects (40
initis@érPd ke seooad phge df thdpryfeat; ﬁ)rtheﬂ'blassziaﬂ@dtlphio@ #le diseased subjects on the
pl at f orms were CPMG NWR, dlfoS ééd ed ggR, LIF
baSlE Ph lllmeﬂlmew&lwerﬁﬁvm dva§ |“8 Jsnagiptishigplgmalyses were
r&a Qrfeihd ffh tl%oa%%ﬂit?'of ﬁ{kdcardlovascular disease in
e ronatogra IC pea #ornatlon fromthe raw data.
the didetistd groap. bhmmrmsefs&ureg shmeqwgﬂﬁcamq in enexdri mypretapalysis and was
rfong th dat aset from

dere NG SR PR RN B F PR iy apigfead gt biologicel

relalfANDs ahRing SRR §1gﬁif§:bht§hét§l&iht@sﬂa| yses The peaks

r emal ned unldentlfled until flagged for identification

on @hjecties i Bheagoat phthisstndyavasstp g%nﬂﬁcb}ﬁg@rker molecules as molecular
ittty phERR R B e Sy A e Bl ARUEE dRR Rl B matched
conf¥P®bjéarNt al groups. Phase II: Prior to the

initiation of the second phase of the project, further

of t.he ¢lin
N e e i S e
det@hipiddlebdribrays beiag lﬁfoﬁdelﬂeﬁhialea&rdlovaseﬁlat éideast phltldﬂnse(40 samples,
severity of the disease in the diseased
poSBEas a2 P YHRED) OF ATEIRIIERETRSiPlY I SRiEIAD SRl mheehn age 51.6

bt d -
o &aﬁz Tho Enilf@éaykﬁ&oﬂﬁseﬁgl‘% MoV Rl ffusfon-edited NMR, GC/MS,

tion né constructed to visualize’
St altiphl 1.CAMS 2amd Amnio(ngldigbbal élGAMSo rissifitvpse ahgon@lmsrmere used to extract

dentifi ed, si fi t. [ it
'nete sheetcal S0 BRoABH OSBRI BT i DA BT L e ditigp
a@%@}o‘:&%m%%%ﬁ%hﬂ@d R iloh khdSbaRE aoid e JaBEe 0 each platform

Ites.” The sanples were anal yzed usi n%&s/everal
anafiyt, nhmlmwmids retqmnim glignimest fpe L&~ M ferpomparative

uni dent. fi ed ted an .
wer Satishiga lmwg rleglameg HH[J ?‘3{1 Rlﬁkhgée?ﬂﬁqp ﬁieﬁigﬁcatmn on
NVRhE®BasY bﬁé’t@tﬁﬁucﬁﬁ s1érﬁﬂba{ii@4: eRiehificatieon gbtivitied waelinitieted @h peaks that

concentrations greater than 100 mM (e. o0 aci ds,
am bes! diergnisvelbef ppulancs hghieed ﬂaﬂ%expwg’é’iﬂ@; groups-)
r o sg?f ﬁg? %: ga’c GSIFINE é%(:&?cf gpl&rsgf)f ﬂhﬁ%?oggét fartd8assification of

asses

al dﬁl@)ﬂ@k@ﬁs@%ﬂbj@&‘t@ lo@ X3l of theadTinical anies of dBeask saveritpwas made and
aci ds, succinylam no acids, am nes, rfizz\eromatl

co ng;blytmml stpigtiopl apalyges @qe@gff@quqqtg gljmned? @@h{n@asured features
aci gorrelﬁhc? W OLSRAN o ﬁ%ﬁ?eas? HO@E Yiseaded ¥roC Where possible, further

sugar amnes, sugar phos
identification information was obtained for features deemed significant. A correlation

network was then constructed to visualize statistical and biological relationships among

the identified, significant metabolites.

Summary of methods. A number of analytical methods were used that enable the
comparative profiling of a wide range of metabolites. The samples were analyzed using several
analytical methods, and statistics were performed on unidentified peaks. Listed and briefly

described below were the methods that were used.
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-~ retent Tﬂ&smhmhﬁbmdﬁmh@@iwlmlmsieé@fﬂﬁ% diacylelygerds,

(iii) Lipids LG Ms: optimzed for profiling of Iipids
and non-pol ar netabolites (e.g., - - -
wo ywspasphshpi ds, phospholipi ds, chol esterol PBST/EFRN4/027022

di acyl gl ycerols, triacylglygerols) (iv) Amno

aci ds/ gl obal LG/ Ms: optimzed for profiling of am no

acids and polar netabolites. Due to the presence of

Ci g nat e, CRMEINRR : serthlanexd NIVIR messgteneent of ok 1nojebalaf weight metabolites
not yield usable data and was not used in Phas

| 3 (v) abrercgsirainng grea thapr 00 éﬁﬂa@ée&%%&ﬂﬂéﬁé‘ﬁ?o agid metabolites,

| i popr ot net abolites. The profil ed peaks
are corrpoggﬁ}ugéégé Sﬁléa?%al s frommany |ipid noieties and

ar e(ihher@Cas: gk@balsmeuhbd desigisidriceprofiling ef y widbarahgd ofedetabolites

mol ecul ar entities were ﬁreferred a b|o rkers %L/ 1

met hod asserde-Sp@eolels: dlfelpidssand qyclag acyl amino
anal ys eg“ Yds%&@ﬁzfa%&l adias %ﬁﬁnéshﬁ{)m%fi@ E@rhﬂmmél@ dﬂ'aﬁ?' 8citl® (greater than
t housands S per sanple. In order to enab

conpar at@@eo@amlcwmds pfosphat- aﬂgemptaadp,esagars;ﬁ‘ugmd% pugar amines,
across the e |re e%?rrpl e set, several algorithns were
appl i ed v8ar ‘data file for peak detection and

si gpg IMmpRY 'ﬁ[f(‘i‘/l\/@'4 opesized 108 pFTTIRG S &bRls hfd nﬁﬁ-@@far metabolites (e.g.,
shiTts in peak position that may occur in terns of

di ff erences ch cal Shl ft for the NMR t echni ques,
aI gorlthtﬁ‘g le%llyg Eg]d "align" the peaks. As a result

f s Riderssds/Eakd me adptinezquefok pwﬁﬂllng of ammaxfmdseand polar
vvas assigned a peak identification nunber

nunber ) . mytabelitenfBus ke presenceiod AtiiFHEd lggcg%ptpaagulant this
desc r | be lta&gm?{i]%l ¥ giéﬁ% ﬁs%ﬁfé dafund vlfd% o EsdaiRPhh&sif rom
t hel erefore enabl

al | es a ed conparative
ana kx);os e SDﬁ‘fustdmeedwatl dOVIRt edhpeadk micagueersertiof hpoﬁotdlmwsnglated

uni vari ate and rrultlvaw te statlstlcatg {1 %’ﬁfg‘ linid

t he dat amﬁ‘iabﬂliltésacﬁhepﬂ’réf AePKS AR SPRIPPSIES OF Fgrals tof many lipi

differ enﬁl'o%'ﬁ td‘% e 3 eBREMn @mﬁ@abhﬁ% uﬁid]lab@qﬂéntma@nolecular
en

listed for i I cat1on |n hase as ranked by th
appl i ed ettiies sierecmefonied as bmtrmrk@sdihls smetl&sﬂo‘ér@sqméwsmd in Phase IL.
data alignment and normalization, univariate

h_og]te]s ¥ gr éllfogg aﬂglglt%e%a/\g?la 0 62 Gc{ raosle éﬁaﬁ tc?lﬁtg‘fn dreds to thousands of

peaf®habahipls RRdete Snele@éﬁlﬁlbdrathle%B@bl‘ﬁ toif ﬁﬁ:ltabphﬂatﬁeak Illﬁormatlon across
used in"the present study. Results showed twe

the @nweﬁamwr,@nvqxwég%}m@, pete Fnligd treeach gay dp gﬁe il detection and
sed 0 I t
s1g1§2 ﬁ]jltggnaﬂon }_%I Q)éob%)?%) gg%agé; ﬁi]f %lﬁ&f&iﬂ%{;@l aeljfﬂg bé%%% at may occur in terms
of W@ntibAfialeybel NS and G A/MI ﬂeﬁf:dnqlg:s e trﬁncn‘fdlﬁpxemtelsah chemical shift for

peaks capabl e of categori zi,ng. di sgased sanples and.. ..

the dYWE, tgPhrdgiesi aglgorithms é{feécbu?;g ,ug g’ al}f: qarg n;IR§ glreﬂiﬁroé this process, each
mefeﬁbﬁte eglpkﬁt?ﬂ PJOE@WE@%@%QE Qgée{kelﬁerﬁﬁﬁﬁﬁéﬁﬁmﬁﬁeﬂ(@f Rdex number).

ne nol ecul ar conponent able to segregate gro ({)
Thmfsama mcﬂﬂnﬁﬁcatmnrmﬁxdyer sas usedde dascribk dssinalagans peak found in the profiles
from e&f)otﬁer samp?es ang tl?erfgf%reenénaglaﬁ bmpara{/we analyses of the integrated peak
intensities.
Following univariate and multivariate statistical analyses of the data from each platform,

metabolites that differentiated the diseased and healthy subjects were listed for identification in

Phase II as ranked by the applied statistics.
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—thow analymsmlgvlehachleeen@gnf dangleyi and i uply idet

t hose anal ytes whi ch had been-confMently and uni quely
identified were used] there wereTunety(tm four such
wap@bypr@Ess at the time of the anal ysis. This nuP@PUSTIOE627022

not include isotopes, addue8s, redundant NVR resonance

peaks, and the |like, which also may have been

identified. The challenge of classification, in brief,

| S UrfivalahRmesuls. @uﬁk&@hﬂﬁaldwaeﬂl@hmnﬁrdndmoumip@ﬁent wiivariate

the m ni mal nunber of i.nfornmative anal
homseersRefi Ags BRGFARIER $07 f%ééqéaveéy taiguSp RtfoBRe on identified

metSty rf?@ %&'ﬁgeﬁ ﬁoﬁ%ﬁméan\l\;\yn@ﬁl' rﬁﬁﬂﬁe&f?ﬂﬁé 91%%@ﬂ stulife Results showed

I'nc ermnin set of analytes is the
twemgtibtdnatytes wiich hﬂambusterd pvslunslekzshan 6% bR on 0% false discovery
fi1nal blomarker. rrrslncrrectly classifying the
contg@)rmr@ the Begjemiyr OC@E@W&}\? the final biomarker
g"[ﬁ riafte P&Eﬂt@ Chl Mulﬁ%ﬁaﬂ?ﬂefa}ébx%ﬁclﬁﬂ)l’fm&ﬁg dot0df spBctral peaks capable
ent sanple set. In addition to the above
of categmﬁzmg Hisedsed smpmaid croeﬂtrebsméewa& e PRsen dn the literature, this

const ting .t he_ bi omarker.
proplaa fjélﬁéf% %Lp?ag?er HEDR? 88 |Oiq Ig]’mzf\e pf acHg ? gh’\cno {)&m able to
segﬁ:%%)gr&ﬁfs of BnpledRlrefoiroity ked ¢ cldéélﬁbattdil@rbldbme? r Ini the present case, only
, the mninmal optiml nunber of .analytes whi
ki et by esp were ety

was, det.e
fougiugs ang IP’{ ?@g ‘&na (%léﬁ(g a ngre)ir;ﬁei% gwlnﬁ'x’g& H;f %Mgﬁ(alg{i% fss R Fes adducts,
redfifdant NIVIRI Biancadenks, aad thpl litef ehivh amoanuohayatbemtd@uuﬁed The

integrated, and correlateq, and the r mal.i zed
chalfepge qfa;@agsqf gatiqns el 49 39’(@1&111{17:] p ?}g%glgmﬁrlgeé 8omposed of the

HRUPRERAA%T ARR) Hiralife BRAALD @ profile of ‘a

ogl cal system A briet” overview of the nethodol ogy .
of Icrmt:ﬂemﬁg lmgrrmrkﬂ:ﬂ ¢angrosed o Bmbiechan e conmpoperis @ pr@ger of points

bel ow.. In der, ernm.ne th
weloustieb] Sh0eie SRR 5Tl D L e ot one
1nc%rdg 11?91@%29 kerS RER VRS, th finARREAAKBr FetMns &b cdrgetly slagsifying the sample
eature Elimnation is used. This approach proceeds

set rohdndyend hovchveB dlee fanal biamsarket ResiorBH IFFGFILY Hiapstyfecsemples from an
cc t a n e nt ,
1ndﬁ@e£:§ £ algfc’m]é sreg?]t&aﬁgﬁ](oln) QR vé e, th Moél?e?ﬁ:ﬁlarleleé/ance of the

mi

H

Yo' QYR CESS of “seqr e
rﬁm{ehﬂlcoaﬁ&uﬁig%aaﬁ)mml ieslsé aﬁpmmuraemb thy feapibdlitlyiof ldt:\}eloplng a

ahd sensitivity) achieved by a onbj nati.o
oo O Wabe Dk e Hinimal optima

nurgﬁ%p Ogn ap?lggtsl vhic d\gﬁf"&}&%’k&%\/ﬂéﬁc&%{ %ﬂe?ﬂ%ﬂe’gﬁ‘erg{?@% criteria was determined.

Figugd 5Tﬁlidt:_p7(ét§1 tWﬁﬂlthe&}fﬂh@ﬂQﬁBScﬁde aﬁalysl;s)uln gepetah enultlple data sets from
cl assi

cation algorithm Wth these co g ¢
ikt cualy foah b HenE g6 P RIHARIS e BHRRET TS A O i R are
a fi W el dI@stdit fygis to obt
nOcogﬂ?rbgl ﬁqhﬁgl %msggglg{ %@n%eggﬁ%gépﬁg‘?grd t he rt ann%;i? yﬁis o obtaina
ryeting a

pramd: b24 bivlogicaheysgim.' )\ Hrimf overvieveelthy methodvlegy wér
he, coefficients he |inear conbination of
mql %BWB@H@HG%Y’IS%"“BB&%ﬁW'ned by the
In order to determine the minimal optimal subset of spectral peaks which best segregate
disease and control samples, an approach known as Recursive Feature Elimination is used. This

approach proceeds as follows.

1. Choose a ‘classification algorithm® which accepts as input N components (i.e., N spectral

peaks), and returns (i) the success of segregating control and disease samples (as
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algorithm (the final weight is-actually a nean wei ght;

aver aged-overnultiple Cross- Validation iterations).
w®20080n0et e the ' Cross-Validation' performancePOf/Usinng027022

conbi nati on of spectral peaks in classifying control

and di sease sanples using the Cross-Validati on nethod

(di scussed below), as well as the standard error for

t henekxasd Joyapemiﬁmtymndtsemmwt)e aciRevalty a hecaa penhmetion ohithe N

t he | owest wei 7.. Re Ste 3thro

untCPPPGAFYSS @ﬁ@%@r?aqay@gro N mpu COI{%{“&P ﬁ%e%[%xothgl‘r contribution to
m ny M%Smgﬁ of anal ytes reqw red to achieve the

hi ghest success in segregating control and disease

amdles all ehilgtep (abigned sormalized #pd sredprpessed) jap dygut to the classification
coggé nati on of anal yte val ues, the coefficients in the
co atron being the weights corresponding to each

anafith €hesd BembEieiits d36apLLS irvie tHeedddsitlem kb bdil’meﬁgd upon a linear
reflects the successive pruni ng of the Ii

Sp@@mb&mat@é@@m?a%ﬁewé@wsqi paseLty Gpn S —

f 1YFheQR& ghts are th
g1 algsclggl car | on g%@?l% 419‘/6%%2) g‘g%??g%“ﬁ# I's al gorl tS ﬁrrﬁ ©
i NRkifRsents itthé Baak cdinbination adippoammpoeées asadietemna@i by the
'L%IStIC Claﬁer3|f|er rson, 1982). This net
&

kg5 S P SRR LY AV B FIeR SRpuBRple Cross:

rec@ﬁ[ﬁgﬂbﬂﬂera{ﬁm dys designed to select for a final
bi omar ker conpri |ng conmponents with | ow nutual

6orCehpite dir, ‘Croseéildative nerﬁ)nnam@ of ¥l eombinaieineicspeetal peaks in

m nim ze. bi omar.ker, si ze. e ner C
o v B s e P CRES rufSARChBSE iscussed
Optididw f%s Wel1ta9 thavkdn dwidt diroll Fértheél Gfolssl-eshcfaﬁeﬂ‘tds’tse

particul ar bioanal ytical profiling platforns discussed
éarRﬂ:rQWe thh enaytgrvath the lawest wieteht. test s of performance
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8l apstefrhiga theomirstomensntet oﬂa@lﬁﬁﬂeﬁ&ﬂedﬁﬂm acmehaﬁleﬂngrest success in
constructed based on a Subset of %he avai.l

s anjseeagatingepnirol erdidigerse FENPIEHRA PIEYE s SRR opafigear
be e&n"i\?lﬁétio%rdf ah AR RR AL ¥odtBbienR 4 t}fe%ﬁiﬁl&tlog @Rkl théweights

typical situation for the present study is to
con@dﬁdspéncan@iomwmmlytbased only on thirty-two (34)

Thg%aggﬁgcgggg nﬁlaegﬁr]e }%altn?tbm{’ lé/«gfi m?%ésg%qu%? %&%{g&ng rTP{heshst of spectral
peakfb@ 3¢ ﬁe‘“cﬁ&l' (R BISBER fbraln Bf’@teg)§§ glrb@gi 6, bi omar ker in

ng t remai ni ng si x di seased and six (6) .
co nInrﬁhb psesend] Saslyy\bnemiasaékeh@xdguﬂ@m wahapplied. o Ehis glgosithm involves a

ted cC el t
B Bl T G0, LRI 098" T meton
hasﬁ?sﬂﬁfg‘i@ﬁn Heh @S StinAdddabineRicRRttE@reasttiont gt 1stdbﬁgned to select for a
bi omar ker is the averaged performance of_ many

fingl driomarker eomeprisingiogaiongnts aathdpwdnutyal| cogrstation, arf%ﬁﬁ%i%le trait to avoid
redundancy and minimize biomarker size. While the general principles of the technique are

known, the current analysis optimizes it to work with data derived from the particular
bioanalytical profiling platforms discussed earlier.
There are two different tests of performance which have been applied for the processes

outlined in this section.

1. “Cross-Validation Performance’ is the classification success of a biomarker which has

been constructed based on a subset of the available samples, and fesfed on the remaining
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-are used. It is inportant to note that the purpose of

Cross-Validation is to assess the generalizability of
w@2soneeker, within the limtations posed by PEEUS2004/027022

availability of a relativele§y |imted nunber of

I ndependent sanples. In the absence of independent

sanples froma different popul ation of patients, the

Cr gaspMatvwhict have bPen & priosiriveniienadly left outrthliabten 2601t Hetypical

f f _the bi K i nd dent t, .
D eSitBRiap epresshiePudi o ax ensFBrP e TiBRETEr Raad Opad) firgy-two (34)
by fRASH d.RD1dshBd RAFHAERIDoffrol SAgpMsABSna ratidokd)@nd to test the

many pernutations and conbinations of subsets of the
av giekfalrhance dplp$sificatiph isuccpss) o€ ths refuitapthiompskesinplasgifpigg the

a situation_ i [ n r e LI :
2. Tepaint (G dsere PRt O SR B ES: phRIEE LRRheq, This
Ul drb o3t is&%ﬁeakﬂd@ﬁ&ﬁdﬁﬁbﬁ&hﬁ@tﬂm, it alififérbum setsef ramivpdle chosen 6+6
| abel s _have been rando ‘6§ier nmut ed.. Thi § occur,s. oyer . Ker is th
neysagples ledradm Perraperiad ess- Y lation Per ge’ for the biomarker is the
perf.or | y iGls28pidal IRBtion rounds
e e T L
perdretigdd. on performance of approximtely 50% (i.e.,
chance performance). Results and di scussion. The _

—r esﬂé]st i&g%ﬁaﬁﬂﬁ%@t&hﬁﬁ%ﬁ@%é SICIOBY-VakEtiah & to assess the
gr aphic y shown in Figure 54. A bi omarker set of |
fi fgemernlinubibiydfarbicanion avithén thedinithsions posed by dheyeyailabifity of a

a profile the human cardi ovascul ar. di se .

ol S BB O F RSB RAPIS TLAP aspge OFindopendent

di SEAVREERoRY diEkost follaivabF pitRnal BleiCibscdhlidutioh Petfermance is an
met hods and integration of a plurality of datasets

i ncestidiatign ohthseetiormanse of thedrompker gpan mdeprrgdent tashsptof samples.

E: gﬁgﬁ%&ﬁe ex?@ﬁ@%tﬁ@ns 1§s ﬁrfcl)E%’vvr? 13:6%51@13 ;Dg?fgeag\grﬁxg%ﬁ? g@f%@é of the biomarker

et hogRleaiyGRimaRnseask cabinsieds siubsss biiht wviikble samples; this
generate a_ bi omarker set which coul d cl assi féqiéﬂe 80 Tabl
sanploeess effegfinely Ewlaes nutugtien & Which f1ag) mare gapples are available.

ubj | ’ Ph RIS riMS bitgnarker selection
PhouSeby o 1SR, 3L Rl RO bk el
speglighiithit whaf sddfe lubels hatt béenaendingdy pbtmused.aThis wscurs over may such
used in this exanple are, where_appropriate, ,the sa e
s TR0 RSB PR ¢ S BE A BRCHE iy A robsL Classfier—one
docmﬁt@ n6teftits el tfdifin WOl L 9tidoAsld dipeeth 98 86n performance of
her ei nabove 1s 1 ncorporated by reference herein tor
al | appropiasédy 50¥t(heugimnch geiformaned)on has been

' | | h d i i . | )
o sl Rt RinS 1% JEGAS bPG o RS A B06R0L e araphically
shovitl Inl 8B4t Debidfarlichadt of @ificonmotdeang esmponchorwasidentified as part of a

detail "may be nmmade therein w thout departing fr(ﬁnhtg.e
profipé thethumsssersdiovascarahiseasce r Thess gwlesplag geypponspts;gighe biomarker set

i nyention. The for A ' . .
B
of Hithictd ineluaimgtthsse ifonacite thim clestypé bixedsarement tePheiqee apkbthose for more

of the . ) .
than one biomolecular component type as shown in Figure 56. This methodological approach

was used successfully to generate a biomarker set which could classify the 80 samples. Figure
55 shows the classification of each subject as a disease or control group member using these

biomarkers. A sensitivity of 93% and a specificity of 94% were obtained.



invention is thus indicated by the appended cl ai ns
rat her than by the foregoing description, and al
web@sgeE2hi ch come within the neaning and ranPeT/v82004/027022
equi val ency of the clains a&afe therefore intended to be
enbraced therein.What is clainmed is: L A nethod of
profiling a state of a biological systemin a manmal,
t helheebhietiationpusediin this beangple prs, where @apropuateutheisame as those used in
E \Mé§1statistical analysis a plurality of data sets of
Xag %Iogical system and conparing features anong the
plurality of data sets to determ ne one or nore sets
of whchbeftrmamt dsameents adderihtific pablidationsafisdleRd hereinabove is
~ plurality of data sets; and (b) developing a profile
incarporated by Zelsresee bersinios P grpapessy st em based on the
results of step (a), wherein the plurality of data
5 Set Bl "tﬁegiﬁvgijﬁﬂﬁqfa? BELH rg&flﬁgﬁéim%odﬁﬁ@%&%geﬁ Mt Hdference to
bi of'ogi'Cal sanple type, re than one type o
spe¢ifiasmibediamnts;, #chouldbe undaseod hathose ekibedmothe extltlat various changes in
conpaonent type, or_a conpj nation.of .at | east. two of . .
formp A Gl ey S B R S B i, sboonti Rgracterstcs
or s\?\%&'@ {BE Hhlv Bkt 0 MRRTBRlsoing RénbodimeliearT Bl o redb HelBhstdred in all
erein the biological systemis in a human. 3. The _ :
—-respreetshibastafive tadhentlandireitivg onttheinyertiongies@tied hgeein: s ke scope of the

. C r.ises.multiwvariate analysis . .
0 avERER B B S PefOa Rl ater 0B by Beling desgription, end
all HafPRst AR cH EQHP WiBIPthe Sheafink| 280 dangp lofi 8y alsdyusfithe claims are therefore
cerebrospinal fluid, bile, saliva, synovial fluid,

intepiled fodte emphupeed thateitear di al f1uid, peritoneal fl uid,
sweat, feces, nasal fluid, ocular fluid, intracellular
fluid, intercellular fluid, |lynph, urine, liver cells,
epithelial cells, endothelial cells, kidney cells,
prostate cells, blood cells, lung cells, brain cells,
skin cells, adipose cells, tunor cells, and mammary
cells. 5. The method of claim1l wherein a plurality of
data sets are derived from one biol ogical sanple type
that is treated differently, or from one biol ogica
sanple type that is collected or analyzed at different
times. 6. The nethod of claim1 wherein the
measurenent technique is selected fromthe group
conprising liquid chromatography, gas chromat ography,
hi gh performance |iquid chromatography, capillary
el ectrophoresi s, mass spectronetry, |iquid
chr omat ogr aphy- mass spectronetry, gas
chr omat ogr aphy- mass spectronetry, high performance
i quid chromat ographymass spectronetry, capillary
el ectrophoresi s-mass spectronetry, nuclear magnetic
resonance spectronetry, parallel hybridization assay,
paral |l el sandwi ch assay, and conpetitive assay.
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7. The method of claim1l wherein a plurality of data

sets conprise neasurenents fromdifferent instrunent
wa@eovsiognie®at i ons of a single type of nmeasur emenPCT/US2004/027022

techni que. 8. The nethod oft7claim 1 wherein the

bi onol ecul ar conponent type is a gene, a gene

transcript, a protein, or a netabolite. 9. The nethod

f; im:l conprising the step of conparing the

ﬁlsglbﬁééa}%'r a state of the biological systemto a

dat jabase, gloiaqff (%:’lm e o?Q %1d'1'i?é1mgy§ém% Q'nfﬁn%nal the method

conpr|3| ng conpari ng the pro for a" state of the
comprigingdhesitpsofstemto a profile of anot her state of a

Eg&:@ggl g—:%%]blp%ugé Féﬁ&%@? %r?alrlrt@gqc%ﬁl]uwlg%o ftgl (s:etté'l 6fa biological system
and ‘EQﬁIlP r% feﬁﬁ@éi%ﬁ(ﬁlg‘ﬁﬁ§ bfu%litﬂ( 0NgatE FOE Rferhlifd & orfddre sets of
ng th aim. 12. A method of
d1ffq:rcmcfe|s Iammgg at asttaepasfiomofithe Dblgﬁlﬁﬁ pf dafasetpand a nmanmal ,

t he d co r| SI t

wi t st vglpp ﬁ%ftg]i %Stgte Vi 10%0%%% %éé%ﬁja%ssg{ﬂgnfthe results of
Stepa(apl onol ecul ar corrponent type and conparing features

anong the plurality of data sets to determne

norwheseinsheopluenlity ek date sads Wgﬁealeeaﬁ‘éfsg}?ﬂta 8}’?40 Jgﬂmd?ofe thanone
%asﬁfé?{ g@febﬂxg re than one

ata s& or

bioRbREMNE cdhsuieheSpé,at a(rombumenm of yteasaitveb of)a‘rblatdgi;gﬂ sample type, a

features anong the plurality of data sets to determ ne
measHEement Wﬁh@qgfé%d 6fbl‘HP‘?1F%’rI¥r?8€§’°3%ﬁ5§° | east a

portion of the plurality of data sets; and (c)

cory el at{gmtied besldlnh § vHerdh &R Kt@bgl@ﬂldsﬁkﬁﬂs () ht@an.

develop a profile for a state of the biol ogical

system 13. The nethod of claimwherein the plurality

of Hat a Bt method oficlsim Avrhseein e stbisienr entlytly S‘émB’flseS multivariate

ﬁ@ot her bi onol ecul ar conponent type conprise

Bsurements derived from nore than one biol ogi cal

sanpl e type, nore than one type of neasurenent ,

t echini qUELe WEthad o bhaim dtvieneinthesbibliogicelianygile typapd slected from the

type and a_ neasurenent technjque. 14. Th t hod of. .
SrouD BOHOTSMGHBPG: FIATHe SBBEPEROPaR i OHE Tt granp Yalluid, plewal

I 1

ﬂmﬁbﬁérgb{al i‘% ff)%rrﬁ;%%e q‘ﬁa %mhtefééké ha GO RRRY 86 lat HRE, infragellular fluid,

od of "claim wherein the
1ntdi)¢eblmbiréhmﬂ aymplnrqnmnelmwer teltse eplﬁleaalgceﬂa mdatﬂighalucsﬂs itney cells,

the o Iecul . type a
prosta LB RULPLFIBNIGRE FilIg Bl e bt el totp B PELF b B, and
maithdy ael , the nmethod conpri SI ng the steps of: (a)

eval uati ng W|th statistical analysis a plurality of

data sets conprising neasurenents from at |east two

bi ol eclhametodessiaim liyhssein gruralivrd datigetsass derped from one
blo?ogwag sample type that is treated differently, or from one biological sample type that is

collected or analyzed at different times.

6. The method of claim 1 wherein the measurement technique is selected from the
group comprising liquid chromatography, gas chromatography, high performance liquid
chromatography, capillary electrophoresis, mass spectrometry, liquid chromatography-mass
spectrometry, gas chromatography-mass spectrometry, high performance liquid chromatography-
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the plurality of data sets to determ ne one or nore
sets of differences anong at | east a portion of the
w@basabiiey of data sets; and (b) devel opi ng a peDiUs1084/027022
for a state of the biologi &l system based on the
results of step (a). 17. The nethod of cl ai mwherein
the plurality of data sets conprise neasurenents
mase epécirethetny orapittary elehiacpplmr@smwswc@mm@mu@emywneﬁc resonance

e RS R Bl, EE R b oot asy

nmeasur enent techni que. 18. The net hod of claimwherein
t hey st epriefmetiad uatlhing | edRin 5 eRirality af dathisetg camprise measurements
plurality of data sets for_a bionol ecul ar co nt.
frona diferenidnvawmea orjlevestions aba sipglsdyraRf easrem Ve@rmque
data sets to determ ne one or nore sets of differences
amng atry£askhod oPOhint ?Qv]fféfelﬁﬂf% H%Iﬁélébﬁlﬁﬂfcdhﬁpdﬁéﬁt&ype is a gene, a
sets; and evaluating a plurality of data sets for
genatrandmeipt,kalmumireouharetaboh’ponent type and conparing
features anong the plurality of data sets to determ ne

82 io:)n reelinﬁ : alogglgdl El dﬁ?a Se%}goiﬁéfglp%@ﬁg i rﬂﬁlg for a state of
the Bfol¢gicl @M&ﬁﬁ@hﬂaﬂa’ﬁ@e@&”pf&'ﬁ&t two bi onol ecul ar

—~- conponent “types conprise a profein and a net abolite.

20. The nethod of cl aimwherein the at | east
bi ofbl eclirametbgrbplane 1@9@@5151615 ﬁﬁ’?‘?%réngathﬁ ﬁcgile%)r a state of the

b1olorgﬁglss%75{em 1P ol BHABRkS difte of a biological system.

11.  Anarticle of manufacture having a computer-readable medium with

computer-readable instructions embodied thereon for performing the method of claim 1.

12. A method of profiling a state of a biological system in a mammal, the method
comprising the steps of:

(a) evaluating with statistical analysis a plurality of data sets for a biomolecular
component type and comparing features among the plurality of data sets to determine one or
more sets of differences among at least a portion of the plurality of data sets;

(b) evaluating with statistical analysis a plurality of data sets for another biomolecular
component type and comparing features among the plurality of data sets to determine one or
more sets of differences among at least a portion of the plurality of data sets; and

© correlating the results of step (a) and step (b) to develop a profile for a state of the

biological system.

13.  The method of claim 12 wherein the plurality of data sets for a biomolecular
component type or another biomolecular component type comprise measurements derived from
more than one biological sample type, more than one type of measurement technique, or a

combination of a biological sample type and a measurement technique.

14.  The method of claim 12 wherein the biomolecular component type is a protein

and the other biomolecular component type is a metabolite.
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15.  The method of claim 12 wherein the biomolecular component type is a gene

transcript and the other biomolecular component type is a metabolite.

16. A method of profiling a state of a biological system in a mammal, the method
comprising the steps of:

(a) evaluating with statistical analysis a plurality of data sets comprising
measurements from at least two biomolecular component types and comparing features among
the plurality of data sets to determine one or more sets of differences among at least a portion of
the plurality of data sets; and

(b) developing a profile for a state of the biologic.al system based on the results of

e [PUNISI

B stéls (2:).
17.  The method of claim 16 wherein the plurality of data sets comprise measurements

derived from more than one biological sample type, more than one type of measurement

technique, or a combination of a biological sample type and a measurement technique.

18.  The method of claim 16 wherein the step of evaluating comprises:

evaluating a plurality of data sets for a biomolecular component type and comparing
features among the plurality of data sets to determine one or more sets of differences among at
least a portion of the plurality of data sets; and

evaluating a plurality of data sets for another biomolecular component type and
comparing features among the plurality of data sets to determine one or more sets of differences

among at least a portion of the plurality of data sets.

19.  The method of claim 16 wherein the at least two biomolecular component types

comprise a protein and a metabolite.

20.  The method of claim 16 wherein the at least two biomolecular component types

comprise a gene transcript and a metabolite.



