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(57) Abstract: The present invention provides methods and systems for developing profiles of a biclogical system based on the
discernment of similarities, differences, and/or correlations between biomolecular components, of a single biomolecular component
type, of a plurality of biological samples. Preferably, the method comprises utilizing hierarchical multivariate analysis of spectro-

metric data at one or more levels of correlation.
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provi sional application nunber 60/312, 145, filed August 13, 2001, the
ertire disclosure_ 10 o i s herein incorporated by reference. FIELD
OF THE | NVENTI ON §R@S$ W@WMGEFQ%@%TE%A?%K%EPNSM data processing and
evaluation. In particular, the invention relates to an anal yti cal

t echnol ogy pirmmmtanphc@e:pdmmslth@ea@oﬁmmﬁgmmm&pgéw conmponent s of
a bi i cal. t t
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ard afemghtidiersia Enccqﬁrmmag wifednceconponent s. BACKGRClJND

FIELD OF THE INVENTION

The invention relates to the field of data processing and evaluation. In particular,
the invention relates to an analytical technology platform for separating and measuring multiple
15  components of a biological sample, and statistical data processing methods for identifying
components and revealing patterns and relationships between and among the various measured

components.

BACKGROUND

20 | The characterization of complex mixtures has become important in a variety of
research and application areas, including pharmaceutijcals, biotechnological research, and
nutraceutical (functional food) topics. One important area is the study of small molecules in

pharmaceutical and biotechnology research, often referred to as metabolomics.

For example, an important challenge in the development of new drugs for complex
25  (multi-factorial) diseases is the tracing and validation of biomarkers/surrogate matkers.
Moreover, it appears that instead of single biomarkers, biomarker-patterns may be necessary to

characterize and diagnose homeostasis or disease states for such diseases.

In the discipline of metabolomics, the current art in the field of biological sample
profiling is based either on measurement by nuclear magnetic resonance (“NMR”) or by mass
30  spectrometry (“MS”) that focuses on a limited number of small molecule compounds. Both of
these profiling approaches have limitations. The NMR approaches are limited in that they
- typically provide reliable profiles only of compounds present at high concentration, On the

| other hand, focused mass spectrometry based approaches do not require high concentrations but
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herein, the term "bi onol ecul e conponent type™ refers to a class of
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functi onal, genom cs, Proteins are another exanple of a bionmpl ecul e
conpo hiiegical system referred to as proteomics. Further, another example of a biomolecule

component type are metabolites, which are generally associated with the level of a biological

20  system referred to as metabolomics.

According to a first aspect of the present invention, there is provided a method of
profiling a state of a biological system in an animal through processing of a plurality of data
sets, the method comprising the steps of: (a) optionally preprocessing a plurality of data sets

~ comprising spectrometric measurements of a sample of a biological system, wherein the
25 spectrometric measurements are obtained using two different spectrometric techniques; and (b}
generating a profile of one or more biomarkers for a state of the biological system by evaluating
the plurality of data sets with a multivariate analysis and correlating spectrometric 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.
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Irllsad%%lic{&; \f%\%wﬁéﬁsm nvention may use spectronetric data obtai ned on

one or cudlng but not limted to, M5, NVR, |liquid
chr omat ography gas-chrpomat o é erf ormance I|qU| d
chr omat ogr aphy™( Sﬁ&%ﬁﬂ)ﬂ |S£F§F°31|“i$5? fe B@P%d%tg %935 Y SRECERRCH H own
form of chﬁﬁﬁh%%ﬁﬁxﬁﬂe&ﬁﬁ@e%ﬁ%é feﬁﬁt“lg\%ctr&nh&wn%as@eﬁianf’qﬁah&es' on mode, such
as LG M5, CC , etc. As used herein, the
t er m mgsswEmente made by anyspachoingtiier dhtomatographanieclmpges. r Speetrometric
techniques include, but are not limited to, resonance spectroscopy, mass spectroscopy, and
20  optical spectroscopy. Chromatographic techniques include, but are not limited to, liquid phase

- chromatography, gas phase chromatography, and electrophoresis.

As used herein, the terms “small molecule” and “metabolite” are used
interchangeably. Small molecules and metabolites include, but are not limited to, lipids,
steroids, amino acids, organic acids, bile acids, eicosanoids, peptides, trace elements, and

25  pharmacophore and drug breakdown products.

In one embodiment, the present invention provides a method of spectrometric data
- processing utilizing multiple steps of a multivariate analysis to process data in a hierarchal
procedure. In one embodiment, the method uses a first multivariate analysis on a plurality of
data sets to discern one or more sets of differences and/or similarities between them and then
30 - uses a second multivariate analysis to determine a correlation (and/or anti-correlation, i.e.,

negative correlation) between at least one of these sets of differences (or similarities) and one or

.-3-
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second data set may refer to control group sample measurements. In addition, data sets may
20  refer to data grouped based on any other classification considered relevant. For example, data
associated with the spectrometric measurements of a single sample source (e.g., experimental
group) may be grouped into different data sets based, for example, on the instrument used to
perform the measurenﬁent, the time a sample was taken, the appearance of the sample, etc.
Accordingly, one data set (e.g., grouping of experimental group samples based on appearance)

25 may comprise a sub-set of another data set (e.g., the experimental group data set).

In another embodiment, the present invention provides a method of spectrometric
data processing utilizing multivariate analysis to process data at two or more hierarchal levels
of correlation. In one embodiment, the method uses a multivariate analysis on a plurality of
data sets to discern correlations (and/or anti-correlations) between data sets at a first level of

30  correlation, and then uses the multivariate analysis to discern correlations (and/or anti-
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Ong OrgeRkE tndf colffise @h &nalog and/or digital circuit adapted to implement the functionality of

one or more of the methods of the present invention,

In some embodiments, the data processing device may implement the functionality
of the methods of the present invention as software on a general purpose computer. In addition,
such a program may set aside portions of a computer’s random access memory to provide

25  confrol logic that affects the hierarchical multivariate analysis, data preprocessing and the
operations with and on the measured interference signals. In such an embodiment, the program
may be written in any one of a number of high-level languages, such as FORTRAN, PASCAL,
C, C++, or BASIC. Further, the program may be written in a script, macro, or functionality
embedded in commercially available software, such as EXCEL or VISUAL BASIC.
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nunber of - hi gHARGYRPTERRRHERY, the Bincrs S epamrAN Vi denareaicle qkmapulattisy By ¢
Fur t heghert iR MAGRLADY TEY tREHM dHthe Prekdht IvRAfibrPls endHREAD orld cdnitfidrl onal i ty
enbedded in conmercially avail abl e software, such as EXCEL or VI SUAL BASI C.

11 Mayeabbk melivmi swehleybut netdinsitéd tanz Sopmudisk, sdiatddisls mpeptcklidiskam assenbl y
I uage. dj.r e G -QRY resj on a conputer. For exanpl e,
'tﬂggs6?%%5?%&§%ﬁﬂgh§gﬂﬁﬁg?§§8ﬂtggﬁgﬁﬁipﬁﬁéhg§8§§6 assengPy | anguage ifnPt

‘were configured to run on an IBMPC or PC clone. The software nay be
enbedded on an arti cl ' [ not limted to, 5
"conput er - readabl e prg%@ﬁﬂfﬁﬁgﬁgﬁ&bgﬁﬂbﬁghigkﬂgﬁﬁgﬁhﬁsk, a hard di sk, an
optical disk, a nagnetic tape, a PROM .an EPROM or CD-ROM 1In a further
enbodi ment, the present invention provides an article of manufacture where
the functionality of a nmethod of the present invention is enbedded on a
conput er- readabl e nmedium such as, but not Iimted to, a floppy disk, a
hard di sk, an optical disk, a 10 nagnetic tape, a PROM an EPROM CD- ROM

or DVD-ROM BRI EF DESCRI PTI ON OF THE DRAW NGS 11 May 2006 WO 03/017177

PCTI US02/ 25734 The foregoi ng and ot her features and advantages of the
invention, as well as the
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invention itself, will be nore fully understood fromthe description,
drawi ngs, and clains that follow The draw ngs are not necgsmaﬁizo% dr awn
to scale, and Iike reference nunerals refer to the same parts throughout

the dif jews. 5 Figure 1A is a flow di agram of I g a plurality
of dat aR@e g accor di ng to various enbodi nents of thepcgﬂgg%zrz? ﬂ| nventi on.

Figure 1 Bis_a flow diagram.of ana in urality of sets

accordi ng tosrh\‘?;?‘ie%q}%g er faiyesy F’WL%*Z Pﬁ’g‘ e BVErdion asi ®on. Figures
2A anghvéioniBelf, MANVLEhREY AP wuRbrstobE fram ahe/ b iph6s, fdﬁ{vﬁﬁgi ﬁ@%&hﬂé g to 10
various enbodi nments of the present invention on a pl urality of data sets of

nul ti plewniThe dgwings areofincassenly duwa i srrlseandlike mfeipncs mymeralgirefer fand APO E3

Lei deg, Ep arfs 4G £ exanples of partial 400 Miz ' H NMR
spectrélerpfltﬁ ur.i ne g%% ﬁtﬁ?es o?ﬁ’w&f dt ype nouse sanples, Figure 3A and APO E3
noyse sanpl e artial 400 MHz
' H-ENI\/R spect ?Pé égHus‘ra?ﬁgwdf ﬁ? m%%léﬁﬁgg%ﬁ%l%&zanéop Fi gure 4A
and AP&@@embmkmerﬂmﬁih@lsrpseﬁtlgmn&orAB Fi gures 5A and 5B are exarrpl es of
partial 400 MHz ' H- NVR spectra for bl ood plasm sanples of w | dtype nouse

sanpl es, Fi glHiguwbRE 1wﬁbmaﬁg1ﬁomxrgamhhdﬁyoﬁme&acmﬁogur es 6A and 6B

are exarrpl of ti H NVR spectra for blood 20 plasma sanples
of wi "HAYpE ﬁrlﬁ’i‘ébggj |og epﬁqsgﬁpé(elg:;gn and APO E3 m)use sanpl es, Figure 6B.
Figures 7A an re e les . of a b | as d profile obtained by
a Lc MB speé‘?%wé?» ﬁﬁe%ﬁﬁmd@gra@ﬁﬂ s pamesmiel abhs TGS B1 oo pl asma

sappl Qﬁoufbrﬁbﬁd%m?n?s of tRdYsheddhd igberBich Mﬁmﬁ%@ﬁ% setféfgﬁiﬂﬁalg Bologralli gure 8 is

an exanpl e of a PCA-DA score plot of the NVR data for the urine sanples of
dat a mﬁem@@mt@eéﬁom@mw@m@ﬁd’@sm Feigenmico i s an exanpl e of a PCA-DA
score plot of the NVR data for the urine sanples of data set 1 (wldtype

mouse) of Fi diguees 3Avansidp @examples of pasial 2 VB spacha i@aTingS02/ 25734
E'r Iglr‘]r Suriptes of witBty 52 AT Sabied Figtte I A G FEP hihse UmplE FYVR #at a for the

Figures 4A and 4B are examples of partial 400 MHz 'H-NMR spectra for urine
15  samples of wildtype mouse samples, Figure 4A and APO E3 mouse samples, Figure 4B.

Figures 5A and 5B are examples of partial 400 MHz 'H-NMR spectra for blood
plasma samples of wildtype mouse samples, Figure 5A, and APO E3 mouse samples, Figure
5B.

Figures 6A and 6B are examples of partial 400 MHz "H-NMR spectra for blood
20  plasma samples of wildtype mouse samples, Figure 6A, and APQ E3 mouse samples, Figure
6B.

Figures 7A and 7B are examples of a blood plasma lipid profile obtained by a LC-
MS spectrometric technique using ESI on APO E3 mouse blood plasma samples, Figure 7A,
and wildtype mouse samples, Figure 7B.

25 Figure 8 is an example of a PCA-DA score plot of the NMR data for the urine
samples of data sets 1 and 2 of Figures 2A and 2B.

Figure 9 is an example of a PCA-DA score plot of the NMR data for the urine
samples of data set 1 (wildtype mouse) of Figures 2A and 2B.




sanpl es of data set 2 (APO E3 nouse) of Figures 2A and 2B. Figure 11 is an
exanpl e of a PCA-DA score plot of the NVR data for the uring Msappbes of
both wil dtype and APO E3 mice. ' 5 Figure 12 is an exanple of a PCA-DA

score p%tosfa{g%he NVR data for the blood plasna sagpt@§%ksﬂgta sets 3 and

4 of Figures 2A and 2B. Figure 13 is an exanpl e of score plot of
the LC-MS datg@_on.the bl oo I sanmpl sets 5, .6 of Figures 2A
and 2B and hulﬁ%ur{e%%ﬁﬁ‘]lg’é?mﬁ?%@@%%ggﬁﬁz?gﬁﬁ&%ﬁa%hﬂﬁﬂﬁ pl ot for

axi s Einés ofidgie s& 21APOE3 diduge)rof Fikbres 3Aafd gBanpl e of the conparison of

normal i zed blood plasma lipid profiles obtained by an LC-MS spectronetric

techni que f orFipirt Of iRE exm@MSCORHAITN-BR Lbidiplht 5PMENMR BS) R - ARO E3 nouse
sanples (thick sqld llne‘%]i-’(BFl gure 16 is an exanple of the conparison of

nor mef3rERieP b PerB avikdivae Ard B4 Mig of i | es obt ai ned by an LC-MB spectronetic
techni que for_w | dtype nouse sanples (thin sold 15 |ine) and APO E3 nouse

sahpl es (t hi diEWSI%isap peamplenighl-PA scere alot efthadIMR dita for Swridnedcal
corre%@;gﬂ@ &%Pda%&%s3&91&4%??@%953%@&53(1%a for one biological sanple
[

type (bl ood plasma) fromtwo erent spectronetric techniques (NWVR and

LC M) . Fi Guireglf1d § 430, SOl pA 63000 6, ECLVEL LPRRRgRe Pl ot Tor

spectronetric data one birologicaf sanplret asma) from
t he splasmaysamples lof dyresetsrSoref Figuret 24 hmi 2Riend Hontan dashflex; ent i nst r unent
configurations. Figure 19 is a schematic representati on of one enbodi nent

of a system &l Bdis twexappeodfiadeadidyelordiriagid H2off Fidue: i3avent i on. 25 DETAI LED
DESCRI PTI ON Referring to Figure 1A, a flow chart of one enbodi nent of a

n}it ho:j_ acco ][ diciigt@ t5iis at Eb&n%le&ifﬂi[&coin?&i@ﬁhb Fmﬂnaié@h@mg platfa Bgidnore of a

pl ural i of, data set are prefera subj ected to a preprocessing
step Efﬁé%ﬁP?tﬂP W%&@P@PF%@%’?&?%&? %smlflfm @ow%ﬁwlw&ws@q May 2006
WO 0%@3&@@@@}/&@9@;&%@%3@33&@&&%@5& ng include, but are not limted to,

data snoot hi ng, noi se reduction, baseline correction, nornalization and

peak det ecti Gpudeak 8 abhle iR obbartioh 8f RIAREAE 8RB PR iy de

profiles obtained by an LC-MS spectrometic technique for wildtype mouse samples (thin sold
15 line) and APO E3 mouse samples (thick sold line).

Figute 17 is an example of a canonical correlation score plot for spectrometric data
for one biological sample type (blood plasma) from two different spectrometric techniques
(NMR and LC-MS).

Figure 18 is an example of a canonical correlation score plot for spectrometric data
20 for one biological sample type (blood plasma) from the same general spectrometric technique
but different instrument configurations.

Figure 19 is a schematic representation of one embodiment of a system adapted to

practice the methods of the invention.

25 DETAILED DESCRIPTION

Referring to Figure 1A, a flow chart of one embodiment of a method according to
the present invention is shown. One or more of a plurality of data sets 110 are preferably

subjected to a preprocessing step 120 prior to multivariate analysis. Suitable forms of
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entropy- based peak detection (such as disclosed in pending U S. Patent
Application, Serial No. 09/920,993, filed August 2, 2001, thkfagtfd e
contents of which are hereby incorporated by 5 reference) and partial

li near {j i ques (such as found in J. T. WE. Vo , "Partial
Li near Héﬂs;ﬂiﬁkfgw NMVR Spectroscopy Processi ng Tool f%(r%lr'éysﬁzer%ﬁ Recogni tion
Appl i cation e trics 38 (1996)). A
ot PGS nafgt b e S oS Bt et nisq epudB LOSEEY Cor r ef i i on
130 t@ndbismehetnidiizahion GREk (ot 60T Préfefibledintsiof data bl%bi«w@ﬁng h‘t@ﬁldé ata sets.
Suitable forms. of mul tivariate analysis include, for exa pri nci pal

conpoiERPY-pased meakdstestion (einey disclesed i1 nending U-Sa Rafess Sppligatippy: ﬂalﬁﬁm- DA,
Canorncﬂ%\zo S@@rﬁl@&% m(zoﬁqh)e,enu@%ﬁte&é oﬂmgﬁarég&afyqﬁc&po?a% predictive

linear di&crim nan anal ysi s A"), neural networKks, attern
- re‘i:ognfemnocb and phitipldinew: fi ttmhmwsmblmh ek in JEGREDXogels g‘@f £ CH‘dIfE’E at a first

IeveI rr.ekatd hat produces. | f, the data
't et RSP SRl oS PG RS R RGP Rl peburfion BbeBiolonly C11°C
delscr.lobﬁﬁl éﬁﬂlﬂliehﬁlt‘nebﬁk@ml) 10, w?mqmgmgﬁy) Alﬁlélhhzﬁua&aﬁelyﬁiﬁ isahehi ffe(rjelnt o

mul ti iate a Si erfaor on ata sets.a cond |l evel o

Cor r dleHOESH A 2GTHASERPL G mn&?%&@ﬁ@ﬁvﬁm%ﬁ%ﬁw 2o BEBERR scor ned
frombgath| hét§ t sdlﬁme forik of Iﬁﬂﬁvﬁiaeetanmms Ferud X@frm&ﬁ%e I inGipA cepbestnfrent , where
the first |evel conprises a PCA-DA score e second | evel of

ctr eanab'sra IG“ é‘edﬁard@@manﬂ a@d&l$1ﬁ6‘Dél”ﬂ>tPC|é¥Edu%@@ﬂﬁi9 coprgtisn §X-@nal ysis. 20 This
3 bl (1 h f
FECO ek kB0 S AN R Aot Sl w8 edluRnalt P [0 (he 11

i ndi \medmmks |anqbpatttemae¢cxgnmom t&clnmaplepcm-dné\embahment,r?%m mpa‘fcmmd ata produce a

scor e, pl.ot ere eac at rlses urality of mass
chr orf@tqblﬁY% ﬂgconﬁ?aﬁ‘@igﬁ’f‘t %?fi,uwé]i SSAGPE P gt >Pé’§1? 82@% 2 plenns (ﬂji- E‘g?rat ogr ams

or i gi gigdcipAbconipofehts) B, _Q;lﬁl%ﬁesfiiowﬁlﬁch &9 d@@ﬂmrﬂmmelmpcmmeqamﬂg | oadi ng

pl ot represents the contr tion,of 25 a particular mass nge of

s s i samp erfadifferpnt apuditvariaie ansbisivdeperfoaned anchedatagiefsat aﬁchm r° each dat a
set COmRI4iSH 4 agéwrﬁhé didterRhoeNMR AP SR 1 Ries PaiREINB O tRe HSOER B Ot

represents one spectrum [I'n conparisoh, a point on the correspondi ng

| oadi segrefakion. r epr esents the contribution of a particul ar NVR chem cal

shift value (or range of values) to the correl ations between data sets. 30
Ref erri ng agdionexample, guome eribgditbe.cxhepsthe At lewel cahpriseonBCAHAecamed i n t he
anal y

P05 b b B EL UL PO e T oo

20  This second level of correlation bears a hierarchical relationship to the first level in that loading
plots provide information on the contributions of individual input veciors to the PCA-DA that
in turn are used to produce a score plot. For example, where each data set comprises a plurality
of mass chromatograms, a point on a score plot represents mass chromatograms originating
from one sample source. In comparison, a point on a loading plot represents the contribution of

25  aparticular mass (or range of masses) to the correlations between data sets. Similarly, where
each data set comprises a plurality of NMR spectra, a point on a score plot represents one NMR
spectrum. In comparison, a point on the corresponding leading plot represents the contribution
of a particular NMR chemical shift value (or range of values) to the correlations between data
sets.

30 Referring again to Figure 1A, based on the correlations discerned in the analysis at

the first level of correlation 130 and/or that at the second level of correlation 140 a profile may
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WO 03/017177 PCT/ US02/ 25734 be devel oped 151 ("NO' to inspect spectra query
160). For exanple, the region in a score plot where the daflaMppl®is fall
for a certain group of data sets may conprise a profile for the state of a

bi ol ogi %03,%¥7§§7em associated with that group. FurthepcpileRi2fi!e my
conprise both the above region in a score plot and a specitic |evel of

.contri ' f s r ' ' SQgl d. ]l oadi ng ,pl ot. For
excarpr SR TR bR PR i 2 100 B XaBR IR SR R s
spect wagre theliatal pomptsciall foryaserain pryp ofdae sistnayrbmpiidee: jpofilé for eheatatoofSt ate i f
spectr tri data set§g f.rom approprjate’ s les fal] |n certain region
of thgggﬁﬂ"&f PHgE aﬁﬁﬁ&lﬂ?ﬁ? WW&F@EP'%B%E’F@&Q%W B?nﬂilsﬁlﬁ?@ﬁ?ul ar range of
MBS S eghdvE Bgiofen Qs@ktgﬁﬁlbﬂ‘dnﬁa%ecﬁbﬂwei SREoh@Butidh e oneCd lodd lﬁﬁ&t@fh Abserved in
the score plot, Simlarly, where the data sets conprise NVR spectra, a 10

. bi 8l ogisedtcdloadingplat  Fosekgmple.iwheveithe dafaseincomprise mgss ghramalpgrams  spect ronetric

dat a ' I+ le | | ..the score
ol o SRR DRG] oS By SRy Rt [ oL, Ayl BBl R pect 1 2
provi dea setsfragm pfrireraiate’ ssmples flin 2 cartaingregibeofttbe scotegilotand ifdizsmassed in the

" napodtpBiogats BF € it iyl STEpe oy ¢ MY PARIREED BT Sors (vves
to : ns@eidios plﬁmt\z?dihqhefqoreulﬁ&) fsbﬁ'&ﬁgl, xlmmré he dsa &ét@éogéﬁr@@mvmh 'siﬁafa:lﬁd in thg
analysis at the first vel 0 rrelatign 130 and/or that at the secon

" 40 o1 Bigioetel sysiein amay gty gnto iile@r%fq e s@é%@@%ﬁmﬁ%datw&efeqm on is then

~devel %%ﬂ&t‘é%amﬁ@ifaﬁ%@ﬁ%rﬂinreyiﬁ?éﬁhésiéﬁreﬁﬂﬁ‘éﬁd & a Qhrtieg: gfsets conprise
mass chronmat ogranms, the nethod inspects the nasS chromatograns of those

mass Plhemigabsheth saliesdn thedYNRispictaprovide A sighificant eenttilpition & thoearslatipnon based 20

on th ' | nspection of these mass chromatograns, for exanple,
may rglefg%?g%qgﬁﬁhlg (13%:1 es of chem cal conpounds are associated with the

profile. Such [ nf ' . l.cu i I e for hiomarker
identificati E%é(gifﬁt?frngﬁl Egll:]l% ?%?r geatyt%%gil Fl | C%%t%poélﬁﬁ%g%ﬁrl it‘s’rj:‘%c‘{% Oﬁnﬁﬁar e 1B, a
fidw gheeifit sptiraofthdéita s GYER B0 inspéct speord dueey B0 basdd tugthe tardldtionpr esent

I nvention i.s shown.  On re of I i of data sets 210 are
prefe ??F%?df'st?‘g algﬁl}@@taéﬁae%stggrﬁlrcgﬁq)rg@zg@gH%@a@%ﬁh&é2 16, $eCQgd I?W%Hgl tivariate
anal y sdrelatibn 140, SA pro¥ile HaVa dnathi€ inspHA6YiS tien dSveldpBN 1522 f 1Y BRENpI30 ONn a

plurality of data_sets to discern one or nore sets of differences and/or
si mi | where the spasire pthn deth sgis copppsisg pss cluematoptazsi the methpd ingescts thapiasse per f or ned

bet we - S 9 Sl : A% . ' l.yariate

anal ygﬁgﬁang%}&gge& tggesf' o?%;gée%g?me%]a %@?g&%et ﬁ’%ﬁ%é@a&%& aﬁ?ﬁ% Mﬁ%ﬁ and the

f 20 st omtht idadiag plet. dnspeatignsifshasmmads chidtatperafres fopekasppamay eivgal bbbtveen dat a set
2 an dsp%t?itesaotscﬁénﬁ%al CgI%I%OUIl-{EQ fre gs%%ct}gtgd ;[NIQE the lfa?o%ﬁe. Bueht ?n%glgnation may be of

particular importance for biomarker identification and drug target identification.

Referring to Figure 1B, a ﬂow}; chart of another embodiment of a method according

to the present invention is shown. One orl more of a plurality of data sets 210 are preferably

25  subjected to a preprocessing step 220 prior to multivariate analysis. A first multivariate
analysis is then performed 230 on a plurality of data sets to discern one or more sets of
differences and/or similarities between them. The first multivariate analysis may be performed
between sub-sets of the data sets. For example, the first multivariate analysis may be
performed between data set 1 and data set 2, 231 and the first multivariate anatysis may be

30  performed separately between data set 2 and data set 3, 232. The method then uses a second

multivariate analysis 240 to determine a correlation between at least one of the sets of
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mul tivariate analysis 240 to determne a correl ation between at |east one
of the sets of -9 11 May 2006 WO 03/017177 PCTI US02/ 25734 diif Mayeoees (or
simlarities) discerned in the first nultivariate analysis and one or nore

of the “gﬁh s. This second nultivariate analysis a hi erarchal
rel ations |§1"t§?the first 230 in that the di fferencggé@g&\%g{eﬁ data sets

are dj.scerned i.n.a.hierarchal. fashion,. For ex le, the differences

Dot OB oo s F ARG Rag i g B Pva e SRR RS o ¥ ol o oy e 231,
232I afth s‘étz-sE1 gﬁia Isédﬁ@@muﬂi;%ﬁﬁf_! £1aBEE 230 eeamdqu jifra:bgﬂ rél@iohslip tr?ahe fingt 2310v ariate

anal ysi s .In one enbqodinent, a profile sed _on the correlations

di scdp ey theqifepruoesdictyyran Al 5teaF fispegned iy %’f%"iﬂig@%’- cféw"é"ia@ﬁl?dth%o. I n

addi tdiffen@WetRbenldif 81 tahy 8 (dnBliSta 38D Y P o™ BRisdSrhed 251223224@ may further
conprise a step of perform ng the sane or "a different nul tivariate anal ysi s

at5S arfberhtbese|diffas¢ncesard subiesied & frtheymulibouript epalsicddfl & onpwodimenlegcri bed with
respe | . | Lmbarkties)

i s Bpiel S R o5t Bt e o RENAAZ: &Rt o Sdkfadich | °0)

anal y280s step 231, 232, 240. A profile based on the information from one or
nore of these levels of correlation may then be devel oped 250, 251 ("NO'
to i nspect spegiditiongngofihe atdjvarifib bealysitstepe2IL, 230 240mbnhathermy f at her
include a step of inspection 255 of one or nore 15 specifi pectra of the
at & COPPESYs Aot PERGEE P8 e B RS SISl BHEFEY B r el at | ons
digS C edoReRltibd 240 fr BMAS sfchdk dQREbNAH BIpBotkEViRn® 10 bewRd betat i on and/ or one
or nore nultivariate analysis steps. A profile based on this inspection

t hen difigrenses tad/er piuitpaniscrmed Famesdevebof corelafiorotredin 4miigent i on may be used
to d%@'ﬁQﬁia%La%&@éi?%ﬂklaﬁﬁ, 2 .O%ﬁﬁtﬂa@d_oﬁg@%@ﬁﬂé@mﬁl ons plfo ofiles

facilttate evel‘opmént  of ¢ rehensiv profiles o erent |evels
of a dfitiesekvdabf ®yeltton mauthén besdevéloped 2RO ¢ NQjetn drspegh splind @ty

tran | ptomc. profile roteonme profiles,.and.ne | one_profiles.

ur v ) PA Bttt ey bRt SR s BRI o o v
MBAS WpediB icttadf thd dafa SMTMES, to MspeipeSaiguks270) 520¢d éh thoedrfeliiomnd pat i ent
gr oup). be used to eval uat ?Q"%g%f fferences in single_, conponents or

, My, . .CO
pat t ﬁ@ms?/ indBniBHER ebonsOreIBer [ of Gerelalion B/rene pr MACHWETE obtain a
Dt t Clnaishs LB AlYbrofifdbased B id iisfdGridhl by debBGRANSINS, Lo detect novel

bi omar rogate markers, "and/or develop intervention routes. In

various emboghipphSds drife pREEHE N enticBA deQied o AtV prBk Gy  Or devel oping

biomolecular component type. Such profiles facilitate the development of comprehensive

20  profiles of different levels of a biological system, such as, for example, genome profiles,
transcriptomic profiles, proteome profiles, and metabolome profiles. Further, such methods
may be used for data analysis of spectrometric measurements (of, for example, plasma samples
from a conirol and patient group), may be used to evaluate any differences in single
components or paterns of components between the two groups exist in order to obtain a better

25  insight info underlying biological mechanisms, to detect novel biomarkers/surrogate markers,

and/or develop intervention routes.

In various embodiments, the present invention provides methods for developing
profiles of metabolites and small molecules. Such profiles facilitate the development of
comprehensive metabolome profiles. In other various embodiments, the present invention

30  provides methods for developing profiles of proteins, protein-complexes and the like. Such

‘profiles facilitate the development of comprehensive proteome profiles. In yet other various
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profiles of netabolites and small nol ecul es. Such profiles facilitate the
devel opnent of conprehensive netabol one profiles. | n otherlvidiay QoS
enbodi ments, the present invention 30 provi des nethods for devel opi ng

profi l eﬁzocbfsloﬁfi?f ei ns, protein-conplexes and the i kePC%EJ} 2sﬁg‘ofi | es
facilitate the devel opnment of conprehensive proteone profiles. In yet other

various. 10 11.May 2006 03/ 01717 | US02/.25734. enpodi nents, the

br e SRR, EEMesPU R Aon PO o B R BRRRoHIG P BB5 of gene

t r anspankdRipts, mRRMW argirte ke ShebiqrofilStfabiliptehe t@slopbéit bf éaipeetichgvaevel opment  of
conprehensiv§ genone profiles. In one version of these enbodi nents, the
met h§RPEe Bofilssal |y based on the 5 fol l owing steps: (1) selection of

bi ol ogi cal sanpl es, . for, exanpl e body fluids, (plasma, urine, cerebral
spinal fl ui dm engvetson of{f odimegisgihe pethpd i gyerallyigred 9Bepar at i on based on
the BiQkRE ﬁéb)%&l@&l%faﬂegﬁiaogieal%nﬂeé{ ?&%kﬂﬁé]@%c@%i%s!’ﬂ%asﬁ&?ﬁﬁﬁ@ metric

techni ques to be enployed (e._g. , Investigation’of I ds; proteins, trace
el emesetebral spinal fluidpsabizs ismeyiabilaid pic.){ 3) sampdeprepsrating boed on the hi gh

conc rat i nent.s. | n,. i.:Q]. 0gi cal Les usi hods nass
specﬁ’? %cr]%g r°§p°f3“%§ﬁe tﬁe\}th/%Qg mﬁf}léarh?g%%& (rﬁéené) ﬁﬁ%g%e%?g%gﬁqg%fﬁ?rg?ee mslﬁ%e subcl asses

]lc.ISi nQe.IglyEtvpstigfa.ﬁdwagl'@hﬁ, pwteiﬁﬁ mmgeleﬁtsagqgie@mmﬁn,t@c.ﬁ '(igd;ea?ﬁémﬂﬂ pfls sugh as,
or exanple, lipids, steroids, hile acids, eicosanoids, (neuro)peptides,

Ut e Bh SanorarPiiR pormonentiug s HolnSnd Seits vl oA o R a P a1 s

| 1@Ni GnANIMVIR! @ medbufehRRtof scted e BRI HubfassesRIRE NMR B iRk Gnd pleRred aw dat a
preprocessi Q&‘F (6) data analysis using nultivariate analysis according to

any oJffStaperopghengdaidy commundisupli s R example ipids siefaidsgbile acidsi denti fy patterns
N NEaS, | . SeS S ' asurenents of
hi gh co%@?\%’;@?ﬁx o e@@ﬁ%gﬁaﬁ'@%@ﬁg‘aﬁﬁe%‘?@ﬁ‘@gﬁﬁ%? ?éc})c}rgfry); and (7)
usi ngadohydrhtes, wanid ergamicaTaklpatides, tioorgands xveoblatica ese (S réw date di st i nct
experinments.and.find patterns of i.nterest in the data..ln addition, the
o oA 0 L S o Byl B s et 1y e Bl S " b
ofs pahépresentiniéniion (g, fta fehiifly phiteriid it mt@suidiEnts®f kigle @lbclagu@Pef al changes in

the nmultivariate patterns _of interest. The nmethods_of the present invention
may BROlERNRS of i meAsWEBENITTNgh ercegatipn cemppRsnis using NMEberdBafent t ype obt ai ned

f'romgBeddofiRir ﬁ%ﬁc?(t']?(u g FinRRAHSE hnatRb CothMiRESta deRGdifHiREhet DUt noOt limited
to, blood, bl'ood plasna, blood serum cerebrospinal fluid, bile acid,

sal i vaperinyentsvdnd finfl pettes of intsestiin the datal, Inpdditions hginethod|meydyrthser i t oneal 1 ui d,
fec escbm?:ﬁ&%l stéﬂ 6{4(9) ac&lﬁHlllgaﬁata sets at a number of points in time to facilitate the

20  monitoring of temporal changes in the multivariate patterns of interest.

The methods of the present invention may be used to develop profiles on a
biomolecular component type obtained from a wide variety of biological sample types
including, but not limited to, blood, blood plasma, blood serum, cerebrospinal fluid, bile acid,
saliva, synovial fluid, plueral fluid, pericardial fluid, peritoneal fluid, feces, nasal fluid, ocular

25  fluid, intracellular fluid, intercellular fluid, lymph urine, tissue, liver cells, epithelial cells,
endothelial cells, kidney cells, prostate cells, blood cells, lung cells, brain cells, adipose cells,

tumor cells and mammary cells.

In another aspect, the present invention provides an article of manufacture where
the functionality of a method of the present invention is embedded on a computer-readable
30  medium, such as, but not limited fo, a floppy disk, a hard disk, an optical disk, a magnetic tape,
.a PROM, an EPROM, CD-ROM, or DVD-ROM. The functionality of the method may be
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25 fluid, intracellular fluid, intercellular fluid, |lynph urine, tissue,
liver cells, epithelial cells, endothelial cells, kidney cedlMay20060st ate
cells, blood cells, lung cells, brain cells, adipose cells, tunor cells
and nma s. In another aspect, the present in j ovi des an
articlgqu%#gﬁh#acture where the functionality of a%ﬁgﬁﬁggmg? t he present
I nventi.on, i.s enbedded on conmput er -r eadabl e 30 nedi such..as, but not
| o Sn TGt RaaeReR Bt FRRER ofecihllF Nl BURGBR: 70" Dpe
a PRQ@Y{ang#hgERRelVhs, ekl FORDKANRONSCARSCS OhE BARIG ahd 3ss@ibly he nmet hod may
be -11 11 May 2006 WO 03/017177,PCTLU802/%5734 embedded on the
conpuiugegee FUARAT LG eUAIRTTRIARNS INFHHCHNS Cat TRIRIPIE, Lo W HIGR B &5TRG t r uct i ons,
or 'g@%&@g SR RIASnbel@d 18 ¥R Biall SIBTRAN: oA aSe.lCERCHAS C and
assenbly anguage. Further, the conputer-readable instructions can, for
eXanVIBUABBARICHt en in a script, macro, or functionally enbedded in
comercially avail able software (such as, e.g., EXCEL or 5 VISUAL BASI C
| n ot her asphcdter aipaets hemesnt invengnt providgrsosterdeniapiyd tognxctietthpt ed t o

practice the nethods of the, present inyention., Referring to Figure 19, in
one éﬁ%‘éﬂﬂiﬁﬁgﬁwmﬁmmé’%o&nge@%%m@g%reg}{?éI‘BPe Tk E‘ﬁ‘éé}i‘ersg’%?ri c instruments
1910 BRgriges SR Gt Htir SREFINSriE RMInGREI00 drd 2 RIAFbdebER] decioEMIRMEAL | ON,
wi rel ess conmuni cation, or both. The spectronetric instrument may 10

c onprelesicalppmnpsicetione irclesgraprmunisttiogesrdoty iThg seasBemetgpisiryRentEgE ur enent s
eful ipn praefici s Of ' j it-abl e

S5 opleeto il coleB oFRERAs Slotdifeolt RERMembil R lpracitig

spectthomethedsof tHeipasent iplase. Soitdiepegroaphierisstrugasts pishde, buharenelt ogr apher ,

and _el.ectrophoresis instrunepts,, and conbi nations thereof .. 1 n_anot her
enbod}nﬁgatt‘% aﬁ%ﬁl’%%ﬂéﬁﬁﬁf%?lﬂvﬁﬁ e%??ﬁ%f’%r e]ésngagfggﬁpr? omgg)tg%?g%%bwg%o storing
dat a peEEDidsnsBUmbhs ad@tamithAienshias. Lbardeict @abodwher ehavyitha dat a

processi ng device inplenent the functionalit) or nore of the

f on
met hdddhes Forppresepieadamal drfvlas 1960 sqapmdpiadece getobyithe ROWHEE stored in the
3% erdagice, H-ARPRE datd c&?‘ggd@ﬁ&%ﬁﬁm&g U GRnATRY o£SHIRE inBR Eheanal og and/ or

ital circurt adapted i npl ement the functionality of one or nore of

" the mmedthoold of BE ptesent mvertiontusing sidensi io panh datmsfored in the gxternplidaigbase. i nf or mat i on
provi ded by the spectronetric instrunent. In sone enbodi nents, the 20. data
processi ng d&ke date pragessingeyine miay coraprise ag ahadogrnifoy digitalcheniiadapiodito of t he

pres %&%Ieﬁ%ﬁtetgé jr'u(r)ur:]ﬁonality of one or more of the methods of the present invention using at

=,

least in part information provided by the spectromeiric instrument, In some embodiments, the
20, data processing device may implement the functionality of the methods of the present invention
as software on a general purpose computer. In addition, such a program may set aside portions
of a computer’s random access memory to provide control logic that affects the spectrometric
measurement acquisition, multivariate analysis of data sets, and/or profile development for a
biological system. In such an embodiment, the program may be written in any one of a number
25 = of high-level languages, such as FORTRAN, PASCAL, C, C++, or BASIC. Further, the
program can be written in a script, macro, or functionality embedded in proprietary software or
commercially available software, such as EXCEL or VISUAL BASIC. Additionally, the
software could be implemented in an assembly language directed to a microprocessor resident
on a computer. For example, the software can be implemented in Inte] 80x86 assembly
30 language if it is configured to run on an IBM PC or PC clone. The software may be embedded
_on an article of manufacture including, but not limited to, a computer-readable program

-12-




as software on a general purpose conputer. In addition, such a program may
- set aside portions of a conputer's random access nenory t ollpvayR0@ contr ol
|l ogic that affects the spectronetric neasurenent acquisition, multivariate

anal ysi bz ndfitp sets, and/or profile devel opnent for &ms@;ﬁ%ﬁg' cal system
In such an enbodi nent, the programmy be witten in any one of a nunber 25

of hi saafﬂil[! BASI C.

Furt hg%aiuﬁ]\"/lﬁkhé prog g%ﬁ%gnﬁ e$%gf?{@fﬁgﬁg A;é§ cta ¥ a%-{b%’%nf unctionality
enbed @B OM, opCOROEL ary sof t ware or commer ci aI I y avai |l abl e software, such
as EXCEL or VISUAL BASIC. Additionally, the software could be inplenented
in an assenbly | anguage directed to a m croprocessor resident on a

conput er. For exanple, the software can be inplenented in Intel 80x86

assenmpivAMELE ssuBpOl ECULESTODY ©OBemed to run on an | BM PC or PC cl one.

The software ngp0 REMOUSENEDEIFORATAERDSCEERDgIRNUf acture includi ng, but
not limted to, a conputer-readable program-12 11 May 2006 WO 03/017177

PCTI US02/ 257 34 exavhiplemidheqinactice of vhﬁmppmbddimkms af thaposaht Bientianisopt i cal di sk,

SUDVIER e RS o i & syl by OARN oIk o o 1 ho

pr act impaseahodehr i ous enbodi nents of the present invention is illustrated
below in the context of a small nol ecul e study of the APO E3 Lei den

t ransgenifke AP®US EeidpiiBbuseA. The APO E3 Lei den Mouse 10 The APO E3 Lei den
nouse nodel is a transgenic ani mal nodel described in "The Use of
Tiansgeni ¢ MTe APD EX Lgidda i5GaY Siodel 3 ¥ohrdabdBicBRited aioaEMescrib®Yin FThe B.
Bruijnzeel TNO Pharma, QOctober 24, 2000. Briefly, the APO E3-Leiden

al | ¢! B¢ of TransgericMicers Drved pgopmznd brgdeyalopmenty’ @y Pdi.BBmgiingsely i ncl udes an
in fr HRREA pgem repeat  of
codonqq:?sg)oﬁ 126 gfﬁkf%hlw angggn@jcp%§ggid§§<a@pl¥ege§g#&ﬁg%%§hﬁel den 15

mut at (sl B2 Augpalisle, buthml@ieh ypiarftaimeirepeatiof 2 p haclentiderds exdnat, ragultieg inspeci fi ¢

di | | f ath ti Th del
oo R repeBi deflon | AE A T PREE Rtk SR PR AR BRI e ol 1
mb$ e cuhertioime &betr ﬁoe;)aveam@empmmlcrphb@mbﬂhawméﬁpédir&, @atigoha¥fltoi s very

wel | characteriz
ﬁ1 evelopment o Ei\E'a’che,ro sclerotic plaques. The model has a high predicted success rate in

finding differences at the small molecule (metabolite) and protein levels, while the gene level is

very well characterized.

In the present example, 10 wildtype and 10 APO E3 male mice were sacrificed after
20 collection of urine in metabolic cages. The APO E3 mice were created by insertion of a well-
defined human gene cluster (APO E3 — APC1), and a very homogeneous population was

generated by at least 20 inbred generations,

The following samples were available for analysis: (1) 10 wildtype and 10 APO E3

urine samples (about 0.5 ml/animal or more); (2) 10 wildtype and 10 APO E3 (heparin) plasma
25  samples (about 350 pl/animal); (3) 10 wildtype and 10 APO E3 liver samples. From the plasma

samples 100 microliters were used for NMR and the same samples were used for LC-MS, about

250 ul is available for protein work and duplicates. All samples were stored at ~20C. In total,

19 plasma samples were received. One sample, animal #6 (APO-E3 Leiden group) was not

present. After cleanup, (described below) the portions reserved for proteomics research were
30 transferred to ~70°C. '
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In the present exanple, 10 wildtype and 10 APO E3 male m ce were sacrificed
after 20 collection of urine in nmetabolic cages. The APO EB Mag@00&r e
created by insertion of a well defined human gene cluster (APO E3 -APC ),
and a Ve§yodhRf@geneous popul ation was generated by gerhRasisz%0 i nbred
generations. The follow ng sanples were available for analysis: (1) 10
wi | dt ype d: 3 | about 0.5 m/animal or nore); (2) 10
wi | dty' 2 4 i Plasthd B O Z leg 25 sanpl es (about 350 I/aninal);
(3) 10 wildt . i.ver. samles.. From | asma sanpl es 100
mcroliters ﬁ%em%ggme@'g%%g%é@ﬁ © D?legl%rggn@%s%’%q%%%&\?é?tgmused for LC M5,
about precipifatioh). | ISC-bifdigidrbfle hmasuperadoes of twgpldsma Bamsiedivére aliteied wWith osanpl es
were stqred at-20C. . In tofal 19 pl.asma sanppl es .were. recei yed. One sanpl e,
ani rraf SRS E@Zﬂ@ﬁ@éﬁd@ﬂ%ﬁﬂ%@@ﬂﬁ%ﬁﬁ% ionigaigh CARGINKE- ( descr | bed
bed oWt HGeROThé RBEHEER U8 Yak ?ﬂegﬁ&&%ﬁ%ﬂm @SR PRI GetecdBn t r ansferred
to -70C. -13 11 Nay 2006 WO 037017177 PCTI US02/ 25734 'B. Experi nment al

Det ai feghniquesubriangially sipilas & Batritclosedin peningdfpPatent RpplicgtioberigbNoacconpl i shed
with j ' o] | : P W) IJ e measurenents
of ¢ nTSRLERCRRA ALPIED P, RRRRIAAR Bl ol bl & R 2 T 2t | on

(" ESPcompmment abatpsfiRCAD apd/esdsorieninAneamatyais (TIAT) zetordimg o theR@kHdslo€ 5 MS

syste The tesulta ra a eprocessed.with an entropy-based peak
cot ecb Biroca: Aok dbe B el R ok BRFSFEREE DR B BRI pond ng
UiB. &idjeert tdwpdticatdophitiSiesdaBlsis PAROY/ Wiiéh i980ded fpkdpesteAitgSichds 2 2001. The
preprocesiigd %at a‘?ﬁ/ﬁs t hen CIsub'_ect ed to principal conponent anal ysis

" artial higpas fit)peak Atpstion And mulkivariatestatistinet gualyslor di ng to the net hods of

the present invention. The raw data fromthe NVR neasurenents of the plasm

sanpl es was 1oinggwpeet e pispacrndNYIR eagsypansiob fhedtisip SPMmesWPARC" ), whi ch
| ncl Ugietl B, St SEPRIINE SHEDLAR dmpRBivd Ao hbiBAST tolBARC ggglrgisdet ection and

mul tivariate statistical analysis.”Uine sanples were pr ed and NMR
meas uwhigk inchided preprecessing, peakalaisttenn and maltivetiatestatistical Thadystsaw NVR dat a on t he
urine sanples was al so subjected to a PARC analysis, which included

ptiepr.ocessh hg. MpeaBlodd Pesi Ereparadiomaghd Cleanipat e st ati stical analysis. 15
B.1. Mouse Blood Pl asma Preparati on and C eanup The nouse pl asma sanpl es

wer e t hawed dthe mose fienp eamatlesweere tHaiwediattrsonn femp@@tupd  Aliquots of 100 pl
were transferred to a clean eppendorf vials and stored at —70 °C. The sample volume for
sample #12 was low and only 50 pl was transferred. For NMR and LC-MS lipid analysis 150

pl aliquots were transferred to clean eppendorf vials.

20 Plasma samples were cleaned up and handled substantially according to the
following protocol: (1) add 0.6 ml of isopropanol; (2) vortex; (3) centrifuge at 10,000 rpm for 5
min.; (4) transfer 500 pl to clean tube for NMR analysis; (5) transfer 100 pl to clean eppendorf
vial; (6) add 400 pl water and mix; and (7) transfer 200 pl to autosampler vial insert, The
remaining extract and pellet (precipitated protein) were stored at -20 °C.

25 B.2, _Human Blood Plasma Preparation and Clearnup

Human heparin plasma was obtained from a blood bank. In a glass tube, 1 ml of
human plasma and 4 ml of isopropanol were mixed (vortexed). After centrifugation, 1 ml of
extract was transferred to a tube and 4 ml of water was added. The resulting solution was
transferred to 4 autosampler vials (1 ml).
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were transferred to a clean eppendorf vials and stored at -70 C. The sanple
volume for sanple #12 was |low and only 50 | was transferred MEp200dVR and
LC-Ms lipid analysis 150 | aliquots were transferred to clean eppendorf
vials. - I sanpl es were cl eaned up and handl ed jally
accordi ﬁ‘g"?ﬁ"?’f‘ﬁ foll owi ng protocol: (1) add 0.6 nl Pci)#“ﬁfs@%utﬁc‘)‘panoI; (2)
vortex; centrifyge at 10,000 romfor 5 mn.; (4) transfer 500 Al to
cl ean R o CoMorel 21000 [edsina SAMNes 1 ansfer 100 | to cl ean eppendorf vial;
(6) add 400 % wat er. and m x; a&ﬁ (7) transfer 200, to autopsanpler vial
insert. The -PETRRFRITHPERIFGUE OLRIFTISPRBs hrawdp it e omppeioni n) were
st or efppt-timeboiHight Mﬁn@tudﬂﬂﬂﬁﬂﬂ@h%rﬁﬁ%ﬁﬂﬁ Y PRAAS A vaB hofZe88HUP Hu][mn
o]

heparin plasma was obtained froma blood bank. |In a‘glass tube, m
humanelpiteestipay wagation({ EYT) 4nd ojmasphenie Proj@irechemicabiopigaiond SAROL”). Af t er

ceatri j t.rs RS her : t nil of
wa er%%‘%?gfé@@ﬁ?& e ?%rssu %%%C%%%gﬁson wzél% vr%ng#S %?erleé(#a? 8@9%% osanpl er
vi al sth¢ gradiept in-Talle 2]tyMayl p26eters\iby th8 ESTISohitE afe@htenSOP4R0Y, 34d those fol C- M5 of

bl ood, pl sanpl es: .Spectronetric neasurnments of plasma sanpl es were nade
with glgé%ﬁ?% e{%%gww%_%ﬁeﬁe_ of-flight M5 instrument. Efluent energing
fromthe chronmat ograph was i oni.z el ectrosrpay ionization ("ESP') and
at nospheric pressure chemi %ﬁfgiloﬁ?%§¥'mefeﬁsAPCP' ). 5 Typical instrument
par afEbighg: Used W[ThetsiP0DI3mSih,U08 R B ik € d (CkIgatk): gl and|details of
the gradient in Tgble 2; typical paraneters for the | sourcé are given in
Tabl £ 3, and those cPlymn (EW@mamE) source are given in Table 4. |Table 1: HPLC
Parapeters Columiinertsil ODS3 5 m 100 x 3 mmi.d (Chronpa€k); R7 guard
col unMobihphasmaic k)| Skbtsictositilecbdanl MEGH, avstererdi 1000 1d, 10501 i McON| water ad
Looojm, 10 m amopumacetalosalilifing § Mebiddagd M forme acid Mobile
I'n €,

phasg B: 30% i sopr gpano acetonrtr I'sopr opanol , acetonitrile
ad 1.;Mu.rl‘.‘. Ho—rraanonitm-acetat oot —31—+—fornmc acid
obile phase B: | 30% isopropafiol in acetonitrile, 300 mi isopropanol, acétoritrile ad

1000 ml, 10 ml ammonium acetate solution (1 mol/1), 1 ml formic

acid

Mobile phase C: 50% dichloromethane in isopropanol, 500 ml isopropanol, |
dichloromethane ad 1000 ml, 10 ml ammonium acetate solution (1
mol/l), 1 m! formic acid

Temperature: ca. 20 °C (conditioned laboratory)

Injection volume: | 75 pi

10

‘Table 2: HPLC Gradient

Time (min) | Flow (mlmin) | %A | %B | %C
0 0.7 70 30
2 0.7 70 30
15 0.7 5 95
35 0.7 5 35 60
40 0.7 5 35 60
41 0.7 5 95
45 0.7 70 30
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Mobi | e phase C: 50% di chl oronet hane in isopropanol, 500 m isopropanol,
di chl oromet hane ad 1000 m, 10 m ammoni um acetate sol uti onli(May0ée), 1 n
form c acid Tenperature:ca. 20 C (conditioned | aboratory) Injection

vol une: Table 2: HPLC Gradient Time (mn)Fl ow ) RAYBYC 00. 77030
J 7

-20. 77038‘%1(%(9.1’@%95 350. 753560 400. 753560 410. 7595 450.%@@%&-{?4811 May 2006
WO 03/ 017177 PCT/ US02/ . le 3. t ay (ESI) Paraneters

Mode: posi tive Cap. Hea@gggﬁgl%%%r%g&%ﬁa{%%% KV _Sheath gas: 70 units Aux.
Gas: 15 units Scwpdel00 to 1750, | pbsike@an Tabl e 4: Atnospheric Pressure

Chemi cal | oni zaE4PReA4APCI ) Parjaggeter s Mode: positive Cap. Heater:175 C
Vapori zer: 450 (SLOF {iidge A 41V

Sheath gas: 70 umnits
Aux. Gas: 15 units
Scan: 200 to 1750, 1 s/scan

Table 4: Atmospheric Pressure Chemical Ionization (APCI) Parameters

Mode: positive ()
Cap. Heater: 175 °C
Vaporizer: 450 °C
Corona: 5unA
Sheath gas: 70 units
Aux. Gas: { units
Scan: 200 to 1750, 1 s/scan
5 The injection sequence for samples was as follows. The mouse plasma extracts

were injected twice in a random order. The human plasma extract was injected twice at the
start of the sequence and after every 5 injections of the mouse plasma extracts to monitor the
stability of the LC-MS conditions. The random sequeﬁce was applied to prevent the
detrimental effects of possible drift on the multivariate statistics.

10 B.4. NMR of plasma and urine samples:

NMR spectrometric measurements of plasma samples were made with a 400 MHz
'H-NMR. Samples for the NMR were prepared and handled substantially in accord with the
following protocol. Isopropanol plasma extracts (500 pl from 2.3.1) were dried under nitrogen,
whereafter the tesidues were dissolved in deuterated methanol (MeOD). Deuterated methanol
15  was selected because it gave the best NMR spectra when chlorofom, water, methanol and

dimethylsulfoxide (ail deuterated) were compared.

NMR spectrometric measuremenis of urine samples were also made with a 400
MHz 'H-NMR.
C.___Spectrometric Measurements and Analysis

20 The following spectrometric measurements were made at metabolite/ small

‘molecule level:
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Sheath gas: 70 units Aux. Gas:0 units Scan: 200 to 1750, 1 s/scan 5 The
i njection sequence for sanples was as follows. The nouse plHskayeddg act s
were injected twice in a randomorder. The human plasma extract was

i nj ecte ' t the start of the sequence and aft r i nj ections
of the qrr’u%’f}’?é’f'g?ﬁsna extracts to nonitor the stabili ?;E/T@gﬁf%gic-ws

condi ti The random sequepce was_ appl.ied .t event the defrinental

o fect s DRBEESrGRRI Pt Bl b o ERes Pl PRI werg il R of
pl asma almdtdmiomog@?ws,es: NVR spectronetric neasurenents of plasma sanples
were made with a 400 Mz 1H NWR Sanples for the NVR were prepared and
hand| & dnspRsthéishrbRbdt bf p1]@sn%ﬁm leVhédurkRA&ats fpRIdM ﬂﬂ)li@it@ﬁa@&ﬁfcmeh%pr opanol

pl asma extracts (500 | from 2.3.1) were dried under nitrogen, ereafter
t he respelaédalwéf@sagiplesginded i n deuterated nethanol (MeOD). Deuterated
met hanol 15 was sel ected because it gave the best NVR spectra when

cHl orof byMBmmessyremeitiofplosma(plismalipidpriofiles uhultipls meastraients ueferablyed) wer e
conpare%wlélé\{R s&ect ' Q tritc urenents of urine sanples were al so nade
R gheY o & e oS

with a , Opectr i ¢ Measurenents and Anal ysis 20 The

fol | opn ronetric asuyr.enent s re .at _nefaboli.te/ small

ol echav BOE ik g e Sl T G B a5 BiskixalBBls RS o 2

NVR- readbsedinesieof the presedf invdtionts shoval @ FimagnemenBs (preferably triplicate
measurenents) on a total of 40 sanples; NVR neasurenent of plasma,

nul tipl Ie e aRiefeRimth Pighier2af, dleapctrometrioldg 3b18ineE RS ripRA I:fd cighttlafy total of
sa es,;

40 se and LC/ Ms- neasurenent of plasma, gﬂgl asnal i %{_d rofile),
A {1 0RaR8 Thsdaiusets rorec dillomisy 1) gath pt | comerisre stV BAd RNy Ron & total of
40 sappl8%¢ witdlyp@ WMot aihe tdnlph3 BORE hid & @cﬁ:ﬁa‘r'ﬁizﬁ)o?fﬁ{% NMRCtrometric
dat a g?éthi S eblgrrpoe acc%r#png to’(omg\l eﬁ){)o |rr1ent of t gﬁpresent I nvention
i s slspewtraioff APOUET meusg ArisewmpBs 302; (3) data set 3 comprised 400 MHz 1H-NMR

spectra of APO E3 mouse blood plasma samples 303; (4) data set 4 comprised 400 MHz 1H-

NMR spectra of wildtype mouse blood plasma samples 304; (5) data set 5 comprised LC-MS

15  spectra (using ESI) of wildtype mouse blood plasma lipid samples 305; (6) data set 6 comprised

LC-MS spectra (using ESI) of APO E3 mouse blood plasma lipid samples 306; (7) data set 7
-comprised LC-MS spectra (using APCI) of APO E3 mouse blood plasmé. lipid samples 307;

and (8) data set 8§ comprised LC-MS specira (using APCI) of wildtype mouse blood plasma
lipid samples 308. Examples of the spectrometric measurements obtained for each of these data

20  setsis as follows: Figures 3A and 4A for data set 1; Figures 3B and 4B for data set 2; Figures
5B and 6B for data set 3; Figures 5A and 6A for data set 4; Figure 7B for data set 5; and Figure
7A for data set 6. Various features were noted in the data of Figures 3A-7B.

Referring to Figures 3A and 3B, it was noted that peaks associated with hippuric
acid 410 were observed in the wildtype mouse urine éample '"H-NMR spectra, while such peaks
25  were substantially absent from the APO E3 mouse urine sample "H-NMR spectra, indicating a
possible biochemical process unique to the APO E3 mouse. Referring to Figures 4A and 4B, in
addition, peaks associated with an unidentified component 420 were observed in the wildtype
‘mouse urine sample "H-NMR spectra, which were also substantially absent from corresponding
~ "H-NMR spectra of the APO E3 mouse urine samples,
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Referring to Figure 2A, the spectronetric data obtai ned was grouped into
eight data 10 sets 301-308. The data sets were as foll ows:1)(¥hydeta set |
conprised 400 MHz | H NVR spectra of wi | dtype nouse urine sanples 301; (2)

data selyosuepy | sed 400 MHz | HNVR spectra of APO rine sanpl es
302; (3) data set 3 conprised 400 MHz 1H NMR spectr?g@%F’%S nouse bl ood

o asrm <Al skt OGP i, {oROIBH SO Wtk iR SgeEt T o

wi | dt ype nouse conprised LC-Ms 15
- spect Hg ARGEhmoES! bloadfplasmh dimype HdIVER skt evhjzh asreeithersubstaanihy es 305; (6)

data sget coppri.sed LC- spegtra, (usi ) ,of APQ E3 nouse bl ood

pl asrrﬁraeslmir%f‘}(ﬂ'J %‘F’ﬁ?ﬁ&é,%ﬁ'@?@kyfﬁg@ﬂr f‘éé‘&?‘“ﬁ’é’l%“%ﬂﬁg ra (using
APCl ) af 6BARQ peaics estRitdd vadahdtidiSsdes| of Bedlts SENRE Sbs@RTlly aBdes: ftéh fdat a set 8
coppri sed LC-MS spectra (using APCI) of w ldtype nmouse bl ood plasma |ipid

safp| &8ss shit rogion anwildtynapecisadd 0, il the sec Tirsehpeaks SYharapresant f or each

of thgﬁ%ecﬁ.ﬁ&tﬁg%@i?&t?pe‘& e3¢l | ows: Figures 3A and 4A for data set 1;
Figures 3B and 4B for ta set 2; Figures 5B and 6B for data set 3;

Fi gures 5A a Ia: S = ; L 5 and Figure 7A
for data set q%fé%é @oFﬁgﬁ%S?éXt %l?e@ ’ @%Hﬁ% té% I{e%&tag%&%tgg gﬁ%?y % gures 3A-7B.
Ref er phasphatidylchaliness§lySnP@nd'18 Berei slightyseduoedin inthrasity pethk APAESanoweed with

hi ppu i.d 4 re, observed in.the wldtype nouse.urine sanple ' H NWVR
bt ki Bkt E1R T T OBEIC Pl s dfeafibel ) BRI el i "hpo €5

mbeis esubsiamnally 2gml & iftensiyBeipaciht APO Eiind alildi@e spectp) a6d Bhpelltsochen cal
process uyni que to. the APO E3 use, Referring.to Figures_4A and 4B, in

addi t?sé?ﬁlatffg‘ﬁw&tr’(%@%qeé SWete sPpstantialiy irEsesedrin BdensibrBdkeATO E3aneps? e obser ved

i Nt Nghekd BlakiRSto (AL &R M ilkBypsanpl e ' H NWR spectra, which were al so
substantially absent from corresponding 1H NVR spectra of the APO E3 nouse

urine sanpl e%&e%@d&é—fr&ﬁﬁaﬁ@&@l vé%@%leﬁa}%é&%%sg%dz %{gg%{ﬁ@g%@vaﬁg{eer ring to

Fi gures 5A an , a two series wer e observed in the APO
E3 nouslysisives deniirmedrbetweanplata setsH MMR2, Spand ty and/th pch7 avelr & repactively,

subst i : he wi pe spectra 510 of.substantially
r gguc%gﬁ g%ﬁl%%g@egﬁg%reiangﬁ%meé,?(%%bﬁa%are@& St @B@ﬁ&éth%l%@gﬁ og d with the
f |h r fst fisemiktisarite mllazkis atelfrsidee] siwmﬁlaﬁﬁn;lﬁé ililyastﬁﬁﬁlﬁﬂ Figilfeg & 11 Her datar fes 0 naEc e
shift regian in wldtype spectra 610, al e e second serijes. of peaks 520
are p?eéss]eﬂ‘?ﬁ Elﬁ“erlggﬁ‘{‘gff *‘ieﬁ%taﬁ‘égﬁ“%%fg}lﬁeusfﬁ %?&tsézf’@d behish fnches o Fi gures
1A anghta Bom hhmUWRSntpRisP D' Bbm BRAKS nAFSARLR bRy WA thehiBed to produce
an analysis at a second level of correlation 340, i.e., PCA-DA loading plots. An example of one
20 such PCA-DA loading plot is shown in Figure 14.

Referring to Figure 8, a PCA-DA score plot of the NMR data for the urine samples
. of data sets | and 2 is shown. As illustrated, the analysis groups NMR data for APO E3 and
wildtype group into two substantially distinct regions in the score plot, an APO E3 region 810
and a wildtype region 820, indicating that urine samples alone may suffice to develop a profile
25  that reflects the transgenic nature of the APO E3 mice and serve as a bodyfluid biomarker
profile for distinguishing APQ E3 mice from other types of mice.

Referring to Figure 9, a score plot of the NMR data for the urine samples of data set
1 is shown. As illustrated, the analysis indicates that there are similarities and differences
within the urine samples of data set 1 that correlate with urine color. Specifically, the analysis

30  illustrates three distinct regions in the score plot correlated to deep brown urine 910, brown
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phosphati dyl cholines ("lyso-PC') 710 were slightly reduced in intensity in
the APO E3 nouse spectra relative to those for the w | dtypHd Mahao0gpeaks
associ ated with phospholipids 720 were 10 substantially equal in intensity
bet vveen“jmﬁ E3 and wi | dtype spectra, and that pe lated with
triglyceri 'gfﬁ%o were substantially increased in i n?ﬁlgs@ﬁ% t he APO E3
nouse . S tra relativ .tho for t wi | dt ype.,.The raw data from data
et s ring 990 aiurlpaing Sal dte Bhushes i s A P PR BaT ) o o wae
per f QpsBe uRipAsRIBs i FeAvikBie rlovedébhgst. 3 and 4, 5 and 6, and 7 and 8,
respectively, 15 each at a first level of correlation 330, i.e., PCA-DA

score plots. sEXRAPLESgRE 10N5c6:@ Pl bSthONMR @ata for Bitturifblbdniplediof @dte anal ysi s at
a first level of correlation are illustrated in Figures 8-11 for data sets
qungqn%@sa@

1 ancet? isphoyay ehsiflusirgied the epalysis indicatep thaisthers gep diffrengst a sets 5 and
6 | - | : t ! t i I
mﬂ( Wﬁ?ﬁ‘ e ghg%gfn 1e90F Gatf §2 ggﬁvm%m Gk coldd %ﬁ&ﬁ@é]ly, 8 arfallfsR

Si's was then used to produce analysis at a second
| evelilludfiratee threelregiomsin 8% @¢ore plot, ondR@freBRd tobidivn yript H318, andanaheartpl e of one 20

such PCA- DA | oadi Lot ,i,s shown i.n Fiqure 14. Referr.in o Figure 8, a
pa cRdraruiedpad it R elato s SORY Finf (o BhEoBY° o 3o o | “and
2 i s IBRGWIG iIAGratdslthis thead Relthrdeli@bgacipb yBisusg bfinsrofilvRindhd aPOE8 APO E3 and

wi | dt ype group into two substantially distinct regions in the score plot,
an.APES“EBC‘l"b@ﬁi on 810 and a wildtype region 820, indicating that urine
sanpl es alone may suffice to develop a profile 25 that reflects the

f
t¥ansgeni ¢ nBefgrragds Fighw AP @Y DA weremogwmgafaf%@ﬁmﬁi d bi omarl cer
pr of 'éaﬁpfgg)gfmﬁmg%y ag]hg@% DicER b6 Al ﬂlﬁétpaﬁéﬁre]fhetaﬂeﬂﬁ% ifdicadsqRat Referring

to Figu a sco plot of the NMR data for the urine sanples of data set
1 i s thérowm sinmdkritied and drfferendes wikhin the stinesiamples of deda sets] apdi? evendgravizg e

imilariti di,f f i £ hion_ t ' t 1 that
cor oV e o7, oo B aplis el e BRI RoE RS T o ce

di st i fetlafed @ RNSWAPG BRnpoenenplilo, aens pllabedntAPQER motweavine Ut20ne 910,
brown -18 11 May 2006 WO 03/01717M§,‘|’/ U§82g25734 urt'hne 920, and yel |l ow
uk§ neandgpother ]ewgm d!tm&%w?ell e e ‘t‘sgaiieﬁ?h@’é. P 8FiHET subgroups of
mDUSedi&inb{ﬁbﬁwslokﬁz%ugenuﬁ@?m\més hieR @ad MRUSE £:0R6filks toTisthduihibétwean Fi gur e 10,
a score plot”of the NVR data for the urine sanples of data _set 2 is shown.

As i | ARREB anigls fromewidiibyanimals, e alidsguihaninaiepreduping sellow was ti es and
diff ot &%é brown urine.

Referring to Figure 12, a PCA-DA score plot of the NMR data for the blood plasma
20  samples of data sets 3 and 4 is shown. As illustrated, the analysis groups NMR data for APO

E3 and wildtype group into two substantially distinct regions in the score plot, a wildtype
region 1210 and an APO E3 region 1220, indicating that blood samples alone may be suffice to
develop a profile that distinguishes APO E3 mice from wildtype mice,

Referring to Figure 13, a PCA-DA score plot of the NMR data for the blood plasma
25  samples of data sets 5, 6 and the human samples is shown. As illustrated, the analysis groups
NMR data regions corresponding to each organism type, a human region 1310, a wildtype
region 1320 and an APO E3 region 1330. Figure 13 indicates that blood plasma samples may
suffice 1o develop a profile that distinguishes organisms and genotypes. In one embodiment,
information at a second level of correlation is obtained from the analysis illustrated in Figure 13
30  to investigate, for example, the contribution of each metabolite measured by the NMR

‘technique to the segregation of the data into three regions. In one version a loading plot is used
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5 within the urine sanples of data set 2 that correlate with urine color.
Specifically, the analysis illustrates three regions in theiByMaye0phot, one
correlated to brown urine 1010, and another to pale brown urine 1020, that
slightl yy@¥sah4@dps Wth a yellow urine correl ated regigR Lp3R-., Figure 10
il lustrates that there are three subgroups of nouse urine prosfiles in the

APO puse cohort. .10 Referri t o Fiqure .11, PCA: re plot of the
R R a RO i S el B eisthale GBS R e o shown
As i | {3igtkh@iel Figofel4anal ysi s indicates that there are simlarities and
differences within the urine sanples of data setsl and 2 even for urine

Wi th the sanReE@titdto FipRRCi4fdng Al four fahes dPAlnyiserSart bitdiel 1401-2504. hrge r egi ons
in the score plot, one correlated to yell ow APOQ E3 npuse urine 1110, one
to pascipiacamesnmeds emasseider mrssriercharzeranges). XRBtsRE: PRSHIVE yalyesialasg wi | dt ype

i 0 - 1 1 R d M .
'TD%S Eih¥ dei‘@aft%ﬁégate Euhohént ;n'!aséfe_é Pgtz.e{ré\%%ﬁntaﬁﬂdaﬁ&% ﬁlgqég’si) %?%?ﬁee I stinct

subgroups of nobuse urine profi i ch can be use s to

di st i vegwis stildhypt\ené negaidROyalgs mdicatalthe rbyanser isicait hepeemini Figirs 14, 8red t 0

*Rer er g euRRE o AR S5 s o @ s o RTHBRGR DS BhThe b1 oo
pl als NMass 208roatagtas a&fgci&aﬂ ]fize&ategfo& mdhﬁgsiﬁgat.&dlmmmdﬂ& upbérugtiedt ed, the

anal ysis ar ata for Q. E3 and wi.l.dtype group_jinto .two

st ey, WL bR oF el wi brePbartepiliRet b pb 8 ¥ gi on 1210
afid  ABwAPEhERR 146X 1403 vliﬁ-?tﬁglybéi‘ﬂb@%éi&m Rt tHRBegh SicahRpe may be

suffice to "develop a profile that disti ngqléi shes APO E3 mce fromw | dtype
m ce. chrapapgrpmgfor BotEwildiype amt ARD PEmopie asedhown i BigursflS; and anpangle a for t he

bl oo ]l @q@{ Ash URBYz I s shown.
As il fﬁﬂé‘?@m@%ﬁaﬁ aﬁg'ﬁ%lglgsgqgl%glaﬁgaﬁﬁ%ﬁb g’ta r‘%dg%i%gﬁs .corflgé“&g%%i ng to each
or gandhewntiyPBigured6human regi on 1310, a wildtype region 1320 and an APO E3
region 1330. Figure 13 indicates that blood plasna sanples nmay suffice to

devel op a pr ®efdnéng tb Riguek IS5t 4 segies sihyesksaogesposiing phoshhgddyddhpiees, |1 n one

enbodi nt, . information,at ,a second vel | correl ation i tained from
TR 0 refers ) e PRARe B i e gt g pAoshech widtmis sl iSSyapd A2 o el e
cont redgtice SlRlinsptRmARLAREY. IThe chBastbRths BYFihe 1AM catlfdiAkiiég to the

segregati on of the data into three regl ons. I'n one version a |oading plot

Ji's uswigh thpothy makimyvigesiof enol peakASHUpEOS fr 2l fespechaged Eshaule a second
| evel ot Gl Some 1 X AERLE R meforltP B Gefth OdredsPinafihoadde of Figure

peak location 1540 is not believed to arise from a phosphatidylcholine. As illustrated, it was
20  observed that the peaks corresponding to n=5 1520, 1530 were substantially reduced in the
APO E3 mouse spectra relative to wildtype.

Referring to Figure 16, a series of peaks corresponding tyso-phosphatidylcholines,
where the designation x:y refers to x number of carbon atoms on the fatty acids and y carbon
bonds, is shown for both wildtype (thin solid line) and APO E3 (thick solid line) plasma

25  samples. The chromatograms in Figure 16 are each normalized such that the maximum
intensity of peak 1610 is equal for all the spectra. As illustrated, it was observed that the peaks
corresponding to arachidonic acid 1624, and linoleic acid 1630 were substantially reduced in

- the APO E3 mouse spectra relative to wildtype.

Referring again to Figures 2A and 2B, a second multivariate analysis was also
30  performed (“YES” to query 360) comprising a canonical correfation. This second multivariate

‘analysis was performed on data sets 3, 4, 5, and 6, 371, to produce a canonical correlation score
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13 is shown in Figure 14. Referring to Figure 14 and 2A, four ranges of
nunbers are circled 1401-1404. The abscissa corresponds tolhkiagaseoq or
mass-to-charge ranges). Points with positive values along 5 the ordinate
i ndi cat gvcr MRARENt masses that are |ower in abundancedrhysha£#PO E3 nouse
versus w | dtype, and negative val ues indicate the reverse. can be seen

in Fi 1 i t. to the
corr éﬁglﬂt’lﬁ%nﬁng%tgg?%gwé‘gg%% Seo,%ﬂ%les’%ur e%@l‘?ﬁ?ﬁt@ aIlAr%iss o O%H%F%g%ea 5 associ at ed
t hesdt slegldbesnovedrieat 'animv;estii? g Mmdaté}ﬁmm tviveverypdifferent spedtrememcan ges 1401,

1403 fqund

t he T8¢ Str'%ﬁfﬁﬁﬁ%s gpgrgm?\l&%lccho es L]Ys?th) and

phos piainbRY e gikdenewhsss dlﬂéfbh@iﬁvctﬂeﬂi@m b&@g rOetdH By ubl a&ﬁ@reamd APO E3 nouse
are shown 1.n Figure 15, and an exanple 1%he | yso- phosphat i dyl chol i ne

ness et ograms for both wildtype and APO E3 nmouse are shown in Figure
16. Referring to Figure 15, a series of peaks corres i

pondi n

phosphat i dyl olhilstréfsdmﬂﬁgunmb’f éherrapqaical eorrelntion groppprhody NYR qﬂgé-i%s i s shown
for I e) pl asma

rpl St e 5 P £ il 8 g ke e Bl A A LD Dt
'ITB.XI mhmawilénype teg1mﬂ71ﬂmdmﬂ@a%krey5ﬂm72($imi¢anﬁigthambo&INMRlaad Efectra and it
shoul not ed t hat althou | i.s _present he jority of the
o1 onaits e r Syttt Seedet Rt SRR redine: BaPHE RS LMo REUR o ar se
frmm,ﬂor@@gﬁ@ﬁﬂjeaghpm{j@h ne. As |Ilustrat ed, it was 20 observed that the
peaks correspondi ng to n=51520, 1530 were substantl ally reduced in the APO

‘B3 nouse spegt dedodd@hativavifie bl xdmséjaﬁomﬁaﬁ)ﬁﬂata@asm Fasng 87460 a series of
peaks correspondi ng Iyso phosphat i %‘hchol i nes where the desi ghation x:y

r ef erpsoduse & cénpRisal cop ey YR P exepnplerol fheyesyls efthis se¢0yd car bon  bonds,
IS st]]qwg !9%3 glg,g’]@ olid line
pl asma %@fﬁp%@?mﬁ’%e %%t %%r%an%h@rye I gur ep% ar eggg&{?mrtl%iﬁﬁ% i zed suc%

t hat frdweimmaniymespects tht:eaum wycmmeﬁmﬁkchﬂﬁm@ LCMB dubdifferent indthintehie spectra. As

ustrate ved eaks ndln o} arachi doni c
5 o SoRBemony des SRR Biee ER TR RER AL SRR AR ER 0 The APo £
fTDUSan&tﬁﬁIét sy aledeatwm& QiffeichOinfip@atidias Buisg mgwe@iajymu&mdlﬁhﬁw es 2A and 2B, a
second nultlvarlate anal ysi.s was also 30 perforned ("YES' to query 360)

conpripsiiugyrkeoafiggations Inagditien suchamubinprigtespalgyismay,bg yspd o disee™ anal ysi s” was
per f qiuEad, afrpat ﬁa&ﬁé (Bt usb the exa@N\Amf insBhédenthtPnPHBHUE GirRreg@noni cal

COI’ r el ation score -
information. In cases wherc different machines provide significantly different information (on

20  the same sample, using the same technique, parameters, and instrumentation) user or machine

errors may be detected.

As illustrated in Figure 18, the canonical correlation groups both ESI LC-MS
results (crosses +) and APCI LC-MS results (asterisks *) for the APO E3 mouse and wildtype
mouse into two substantially distinct regions in the plot, a wildtype region 1810 and an APO E3

25  region 1820, indicating that both ESI LC-MS and APCI LC-MS techniques result in

segregation into distinct regions.

While the invention has been particularly shown and described with reference to
specific embodiments, it should be understood by those skilled in the art that various changes in
form and detail may be made therein without departing from the spirit and scope of the

30 invention as defined by the appended claims. The scope of the invention is thus indicated by
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11 May 2006 WO 03/017177 PCTIUSO2l 25734 pl ot 381. An exanple of the results
of this second nmultivariate analysis is shown in Figure 17.11 May 206ul d be
noted that analysis 371 correlates data fromtwo very different

spect r oy@igslofrrt €chniques: data sets 3 and 4 from NVBoraRgsh37:and 6 from
LC-MS. Such an analysis, for exanple, may di scern whether different

Tt or . . . h - v .
11 ust? el I @ SF il ot e Hhng nd SELAUCBUERIAAS \ R ana

L C- Mof theedaihis sreftharefoleinté{od ESbaamis@ednd wi | dt ype nouse into two
substantially distinct regions in the plot, a wldtype region 1710 and an
APO EB75#&3i on 1720, indicating that both NVR and LC- M techni ques result
in segregation into distinct regions, however the LC-MS nethod yielded a

10 nore pronounced separation. A second nultivariate analysis was perforned
on data sets 5, 6, 7 and 8, 372, to produce a canonical correlation score
pl ot 382. An exanple of the results of this second nultivariate analysis
is shown in Figure 18. It should be noted that analysis 372 correl ates data
fromin nmany respects the sane spectronetric technique LC-Ms, but different
i nstrunment 15 configurations: data sets 5 and 6 using ESI, and 7 and 8
usi ng APClI. Such an analysis, for exanple, nay discern whether different
information is being provided by such different instrunment configurations.
In addition, such a nmultivariate analysis my be used to discern whether

di fferent machines (that use the exact sane instrunentation) provide
different information. In cases where different nmachi nes provide
significantly different information (on 20 the sane sanple, using the sane
techni que, paraneters, and instrunmentation) user or nmachine errors my be
detected. As illustrated in Figure 18, the canonical correlation groups
both ESI LCM5 results (crosses +) and APCI LC-MS results (asterisks *)
for the APO E3 nouse and wil dtype nouse into two substantially distinct
regions in the plot, a wildtype region 1810 and an APO E3 25 regi on 1820,
indicating that both ESI LC-M and APCI LC-Ms techniques result in
segregation into distinct regions. Wile the invention has been
particularly shown and described with reference to specific enbodi nments,

it should be understood by those skilled in the art that various changes in
formand detail may be nmade therein w thout departing fromthe spirit and
scope of the
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30 invention as defined by the appended cl ains. The scope of the invention
is thus indicated by -21 11 May 2006 WO 03/017177 PCT/ US02/25VI34 200t
appended cl ai s and all changes which come within the neaning and range of
equi valency of the clains are therefore intended to be enbraced. 2472579-1
11 May 2006 CLAIMS 1. A nethod of profiling a state of a biological system
in an animal through processing of a plurality of data sets, the nethod
conprising the steps of: (a) opti dBAIMSpreprocessing a plurality of data
sets conprising spectronetric measurenents of a sanple of a biol ogical
system wherein the spectronetri c neasurengnts. are obtaine Si t wo

Gt erent  spedt  orbE IRl ORI SSTAPEh DO aeherke RgnangrarPouelr one or
mor e By gemEik8 bEa pRiralty 8F @dt€ @, thdi@cibbalc8BbAghg B¥SESILPY eval uating the
plurality of data sets with a nultivariate analysis and correl ating

spect ronet riar f eptiondly preprogessing aplumbityi afydafsedapmpsising spestndsediari ne one or

nore sets of i fference ng. at least,a portion,of the plurali of data
cet <. Sbutinepfiar sFaEpRaT e aER B PR el npstidienls), o
der i vefle bbtaitled H8IAR HeS diffkai spdctrdnbfriy teetinidues®mdf or the same organism 3.
The nethod of claim1l wherein the plurality of data sets are derived from
one biol ogbyal sasmlife & YR 4f onbtR nitRE BREhAker€ FitlaRate M\ﬂﬁéﬁidi'o%i@ﬁ plurality
of data sets are derived froma single sanple source that is treated
di f f erszpiemyby &aluntieg thetphusalityfol drtaisats Withhemsltivatitie anslgsisiard eareelating
spectrometri ¢ .techni ques onprise different.instrunment configugations of
the® s anettgpisios BaURH R P AR PR ot SR aat BRI TR AR WIEPET, Che
spect rdffeiehded afoag uf RAR Aporitaaitheplutiditvof datHseta spectrometric techni que
conprising at |east one of |iquid chromatography, gas chronatography, high
performance |iquid chromatogr afhﬁ capillary el ectrophoresis, nuclear

wage

magnetic reson aﬁ@@,m?}mdr hslame & the phwality of degasefs are derived from
chr omat Qdf2Ri%n Wt EFRYNPL&ESs for the same organism.

3. ‘The method of claim ! wherein the plurality of data sets are derived from one
biological sample type.
4, The method of claim 1 wherein the plurality of data sets are derived from a

single sample source that is treated differently.

5. The method of claim 1 wherein the two different spectrometric techniques

comprise different instrument configurations of the same spectrometric technique.

6. The method of claim 1 wherein the spectrometric measurements comprise data
from a spectrometric technique comprising at least one of liquid chromatography, gas
chromatography, high performance liquid chromatography, capillary electrophoresis, nuclear
magnetic resonance, ultraviolet spectrometry, liquid chromatography-ultraviolet

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

spectrometry, and third order and higher mass spectrometry.
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spectronmetry, mass spectronetry, liquid chromatography-mass spectronetry,
gas chromat ogr aphy-mass spectronetry, high performance | i duliMay 2006
chromat ogr aphy-mass ‘spectronetry, capillary el ectrophoresis-nass
spectronmetry, nass spectronetry-nmass spectronetry, and third order and

hi gher mass spectronmetry. -23 11 May 2006 7. The nethod of claim 1l wherein
the plurality of data sets conprise spectronetric neasurenents of a

bi onol ecul af. conParathod pHeaing ] wWheesimthtetpdatalify of ldafarset2 cotmried n t he

bi onol ecul ar conpaonent t IS a.gene transcript, a protein, or a
netaboﬁppgynggcgﬁaﬂﬁgPﬁgégg?bgpﬁﬂ%wj?cﬂﬁ@?%?ﬁﬁﬂﬁe nul tivariate anal ysis
conprises at |east one of principal conponent analysis, discrimnant

anal ysi s, p8.i nci ied methoPonNElnim ARAeytin the bidrhbleélilaCdoipoRadtityfishshas,

canoni cal correlation, kernel principal conmponent analysis, non- |inear

pri nci PESCEnpBivksin Agangiakadite.f act or anal ysi's, nul tidi mensional scaling,
and cluster analysis. 10. The nethod of claim1l1, wherein the nultivariate

anal ysi s cogipri SPR MethBd 6F ?5@?'&%er&ﬁm@ﬂﬁlt&faﬁﬂg’g%@gsig%ﬁgﬁ%% "af;jl%és”ti ate

anal yses. 11. The method o aim 1, ereint ralit ata sets are
der i veehefafpningipal coorponortanilysik.oliscriatingw apalgsis, \ppmsipebcympoesenipnalysiseast  one
i fluid ile acid,

f bl bl d bl d . | ,
O Dy oty gRonthaRt AR, ratal S iign inhal oaRepa coppgheAl paYiE Gn)

flui ddiﬁe@ﬁﬁﬁnciﬁiﬂ@@lﬁpéﬂdﬂi ghal Red k&%:forfahhlzﬁs, ﬂlﬂ'ﬁﬂﬁﬁ&ﬂsﬂoﬁﬂasrcaﬁﬂlg;'hﬁd clugtber cel L ul ar

fluid, lynph fluid, and wurine. 12. The nmethod of claim 1, wherein the

pl ur aldmaysisf data sets are derived fromone or nore biological sanple
types conprising at |east one of liver cells, epithelial cells,

endot hel 12l 12! i SLAREYr G B8R 1S RpfiShlide oPhRloEbAS: of Una cel s

brain cells, skin ce gse ce unor ¢ , and manmary cells.
13. Thderahivatcastadeloditwo dr mohemeaktivatifte apdlgdes| € conpri ses a bi omarker. 14.
The nethod of claim 1, conprising the step of conparing the profile to a

dat abase of profjles. 15._The thod of claj.m 1, wherein _ste b) conprises
eval uating the Jhﬁra?‘fh?fgomTamH tahesep Shaghralify qf&a@rﬁew‘aﬁ%‘feﬁcf}% 8%%
Spect rQRbk bfol 6B YARPRHpds C6APHEHE aLREE 4n0Bf Robd H1ddd¥plasma, blood serum,
cerebrospinal fluid, bile acid, saliva, synovial fluid, plueral fluid, pericardial fluid, peritoneal
fluid, feces, nasal fluid, ocular fluid, intracellular fluid, intercellular fluid, lymph fluid, and

urine.

12.  The method of claim 1, wherein the plurality of data sets are derived from one
or more biological sample types comprising at least one of liver cells, epithelial cells,
endothelial cells, kidney cells, prostate cells, blood cells, lung cells, brain cells, skin cells,

adipose cells, tumor cells, and mammary cells,
13.  The method of claim 1, wherein the profile comprises a biomarker.

14.  The method of claim 1, comprising the step of comparing the profile to a

database of profiles.

_ 15.  The method of claim 1, wherein step (b) comprises evaluating the plurality of
data sets for differences arising from spectrometric measurement technique based on a quality

factor for the data sets of two or more spectrometric measurement techniques.
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factor for the data sets of two or nore spectronetric neasurenent

techni ques. -24 11 May 2006 16. The nethod of claim1l, wherdiMayB@Ost ate of
t he bi ol ogi cal system conprises a disease state. 17. The method of claim
1, wherein the state of the biological systemconprises a response to a
phar macol ogi cal agent. 18. The nethod of claim1l, wherein the state of the
bi ol ogi cal system conprises a response to at |east one of age,

envi ronment! .andI‘}gqrpgrggc_l ofj dainThevhasein dep wate of ticrhialogiedrpystemicagqprsessur i ng
conpoqﬁﬁ%%akgethe sanple to generate the spectrometric nmeasurenents. 20.
The method of claim 1, conprising showing at |east a portion of data
relevant to the profile. 21. An article of manufacture having a

conput er - r eBdabl Bhemacthodrofitibim 1,colnpeih eite stata ditlediologicalugittmrsnmpribest ed

‘thereon for Perform’n the nethod of claiml.
response o a pharmacological agent.

18.  The method of claim 1, wherein the state of the biological system comprises a

response to at least one of age, environment, and stress.

19.  The method of claim 1, comprising measuring components in the sample to

generate the spectrometric measurements.

20.  The method of claim 1, comprising showing at least a portion of data relevant
to the profile.
21.  Anarticle of manufacture having a computer-readable medium with

computer-readable instructions embodied thereon for performing the method of claim 1.
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