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BACKGROUND

20 The characterization of complex mixtures has become important in a variety of
research and application areas, including pharmaceuticals, 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 markers.
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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20  component type are metabolites, which are generally associated with the level of a biological

system referred to as metabolomics.

The present invention provides a method and system for profiling a biological
system utilizing a hierarchical multivariate analysis of spectrometric data to generate a profile
of a state of a biological system. The states of a biological system that may be profiled by the

25  invention include, but are not limited to, disease state, pharmacological agent response,
toxicological state, biochemical regulation (e.g., apoptosis), age response, environmental
response, and stress response. The present invention may use data on a biomolecule component
type (e.g., metabolites, proteins, gene transcripts, etc.) from multiple biological sample types
(e.g., body fluids, tissue, cells) obtained from multiple sources (such as, for example, blood,

30  urine, cerebospinal fluid, epithelial cells, endothelial cells, different subjects, the same subject
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20  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
more of the plurality of data sets. The method may further comprise developing a profile for a

state of a biological system based on the correlation.

As used herein, the term “data sets” refers to the spectrometric data associated with
25  one or more spectrometric measurements. For example, where the spectrometric technique is
NMR, a data set may comprise one or more NMR spectra. Where the spectrometric technique is
UV spectroscopy, a data set may comprise one or more UV emission or absorption spectra.
Similarly, where the spectrometric technique is MS, a data set may comprise one or more mass
spectra. Where the spectrometric technique is a chromatographic-MS technique (e.g., LC-MS,
30 GC-MS, etc), a data set may comprise one or more mass chromatograms. Alternatively, a data

set of a chromatographic-MS technique may comprise one or more a total ion current (“TIC”)
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chromat ograns or reconstructed TIC chromatograns. In addition, it should be
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comprise developing a profile for a state of a biological system based on the correlations

discerned at one or more levels of correlation.

In yet another aspect, the present invention provides a method of spectrometric data
25  processing utilizing multiple steps of a multivariate analysis to process data sets in a hierarchal
procedure, wherein one or more of the multivariate analysis steps further comprises processing
data at two or more hierarchal levels of correlation. For example, in one embodiment, the
method comprises: (1) using a first multivariate analysis on a plurality of data sets to discern
one or more sets of differences and/or similarities between them; (2) using a second
30  multivariate analysis to determine a first level of correlation (and/or anti-correlation) between a

first sets of differences (or similarities) and one or more of the data sets; and (3) using the
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-4 WD 03/017177 PCT/ US02/ 25734 second nultivariate analysis to determne a
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For exanple, the software could be inplemented in Intel 80x86 assenbly
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sof t mgs?@@xogs tﬁmgggsr eggeag,{ahﬁaf flSafite TRAGACH ey regéfsfaﬁ% Jiaut not
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25 In a further aspect, se i.nve t|on rOVI C
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Additionally, the software could be implemented in an assembly language directed to a

20  microprocessor resident on a computer. For example, the software could be implemented in
Inte]l 80x86 assembly language if it were 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,
“computer-readable program means” such as a floppy disk, a hard disk, an optical disk, a

magnetic tape, a PROM, an EPROM, or CD-ROM.

25 In a further 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
medium, such as, but not limited to, a floppy disk, a hard disk, an optical disk, a magnetic tape,
a PROM, an EPROM, CD-ROM, or DVD-ROM.

30 BRIEF DESCRIPTION OF THE DRAWINGS
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-5 WD 03/017177 PCT/ US02/ 25734 The foregoing and ot her features and
advant ages of the invention, as well as the invention itself, will be nore
fully undwogBood7f rom t he description, draw ngs, and cl ai PETIUSa/257801 | ow.
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15 sanpl es of \higwtyPdsadlovediggiam Qfsmalvziggna@lwalitamrﬂ daRGeE3comdisg tsanpl es,
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spect r 241815 ¢ ‘% g‘ﬁﬁog e(—:?‘gntd 'P¥t ype nouse sanples, Figure 5A and

APO E3 mouse sar}pl es Fi e B. Figures_ 6A and GB xanpl.es of parti al
400 MHz ' H NMVRIGPEET £4 g B B c{;@?w%g c alptisRerty rﬂm‘ﬁ@m% ffouse

sarp) esvanghsgéfﬁl?ocﬁﬁen@%g th%%?es%ﬁt 1@%ﬁn%ﬁ%l%hty': dfgidfaesetsﬁ)@ mlﬁhlﬂb' 'bﬁﬁogl éuiand 7B
are exanples o | ood pl'asma lipid profile dbtained by a LG

spect r caeptd typeseditaingliomsyitdyEShico and\RGCER3 heidse niitood pl asrra sarrpl es,

Figure 7A, and w | dtype nouse sanples, Figure 7B. 25 Figure 8 is an
exanpl e of a PEAgidbs 3Aand 3Bl at exﬁrnplé‘seoﬂ‘;ﬂhﬁwdiéf)@aMHu HWRrspen&ra feaumdees of

data sets of Fi ures A 9 is an a PCA-DA
score pﬁa@ﬂ’f‘eép?f"ﬂét B]r% @ﬁ%}’rﬁggﬁé‘ %ﬁ?’é@o%‘? S*H’él? ur‘i?’%'vvl | dt ype
nouse) of Figures 2A and ZB -

) J 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 APO 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.



WO 03/017177 PCT/ US02/ 25734 Figure 10 is an exanple of a PCA-DA score plot
of the NVR data for the urine sanples of data set 2 (APO E3 nouse) of

Fi gures 2Woan@12B: Figure 11 is an exanple of a PCA-DA scece/ysones7ef t he
NVR data for the urine sanples of both wildtype and APO E3 mce. 5 Figure

12 is an exanpl Hg@ﬁe 19 iE@ﬁeﬂﬁlgﬁ@@f@P@AODA@cofe%tW&éiﬁm o f6MRe Bigod
pl asma sanpl es of data sets and 4 of Figures 2A and 2B. Figure 13 is an
exanpl esagiples Fdatapat ZcPQ B3 meuss) of Figues2mndaBa on the bl ood pl asna

sanpl es of data sets 5, 6 of Figures 2A and 2B and human sanples. Figure 14
is an exanpl e ofigarelldasiamgxapimle of @ PCaxD# foBreqflotFeif ghe WMIRB dath Gorfhgutige 15 i s

an exanmpl e;of the ¢ ari s fonormalized blood plasnma |ipid profiles
obt ai ned i esa%tbﬂ%-‘f{}@g ee%lf‘f‘g}?rﬁtﬁéﬂ@mlﬁmhni gque for wildtype nouse sanpl es
(thin sold i and .APO E3 use les (thick sold line). Figure 16 is
an éxanpl e of t guréggﬁ%ﬁ“? e ?Oﬁﬁpﬁz’w%ﬁoﬁl%@d’f@%@w Aataifer th‘?)g]@f)iil es
obt ai negladiya Sindids HaBRRELY LIRS bCRiEREHDAGHE 2BOr Wi | dtype nouse sanpl es
(thin sold 15°71ine) and APO E3 nouse sanples (thick sold line). Figure 17

is an exanpl e of; i I r I tr i.¢ data
for one biol ogiolf:lgﬁregg?r% 69%%%9%?%?% %Ha%gr%)p??@g?nﬁet%g 1\4?@? %roélnﬁgglroog
spect r griedma sanipdestofidgtassts 5, BRFagudled 32 Mz) 2B Endjhuraad §nijlesan exanpl e of a
canoni cal correlation score plot for spectronmetric data 20 for one

bi ol ogi cal sanpliguie)ylgés é@bm@l@bﬁ@mﬁin@FMﬂfbﬂw{i§B%fﬁ@ﬁ% ad. spectronetric
technique but different instrunment configurations. Figure 19 is a

schemati c repr eseikdtiiom efaniie oL QF n8rsd S48 Bliadlsef 1y Practice
t he net hods of t%gl i nvention.” 25 DETAI E[l) P)ES?:RH PTI ON Ref ?rpérsi ng pt?o Fi gure

1A, a firefiles khtained by opd-CeMotticaomeinit techmisun b veibdppaiinagset ssmptes éthpr sdént
i nventi i re. lurality of data sets 110 are
lgrﬁ)/ aﬁ% %%J@é% rg@feos%%pgeg éﬁnéﬁ sofd Hneé. y

prefera processing step 120 prior to nmultivariate
anal ysis. Suitable forms of - 03/017177 RCT/ USP2/ 25734 repr.ocessi ng
i ncl ude, but aral;ealgWStlgllT?ﬁ?’éaglfﬁ%gpﬁ‘ﬁtcgmgmflﬁf H@fmﬁ’&ﬁgéﬁqoéd’é?égﬁagg’}‘?basel i ne
profiles obtained by an LC-MS spectrometic technique for wildtype mouse samples (thin sold
15 line) and APO E3 mouse samples (thick sold line).

Figure 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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correction, normalization and peak detection. Preferable forns of data
preprocessing include entropy-based peak detection (such as disclosed in
pendi ng UvB.03Patient Application, Serial No. 09/920,993, PCragoresyest 2,
2001, the entire contents of which are hereby incorporated by 5 reference)

and pabﬁép%cebﬁﬁ?ﬁfclﬁdbtbdt@fehwt GHERA (6 Wah sfookiRbd) tholse rekubtidd, BascYRgel s et al .
"Parti al Li near A New NMR Sp ect rosco% Processi ng Tool for Pattern

Rec ognp@nrmilon\pmm@atzatmwnd pe@@dntmlonofr@re rfetnny @siatambpromsmgpnclu% 38

(1996) | tivari e £

correl é?tr%’r?’ Sd ?)ald(?B tst%celr%n%lséllX ﬁ]a igfg(r?\lggeersa an'g(ﬁné Si ‘it egi? iquflé%h% éeeflwleagir\llo t he
data s€9920998 filel @\ug0stizs 2001, thd:khiﬁkﬁcfdn@én% @ﬂwmylsme heredly iglrpdrated @yanpl e,
princi pal conponent 10 anal i scri_m nant__anal ysi s“é{DA")

PCAY DArefe@ﬁem.a@é [pagtish Hagag fif ézhlglmsz (yuch %é?mﬂdn T WaE. Vogphy d¢l (!
di d
pr edi CUrYe%r thg%evgmﬁhﬁ};&ﬁ)%op@rﬁbé@élﬁ Oé@ﬁ%’%}t{ceﬂﬁ&%&u?ﬁ&%ﬁfo}é ong'!

pattern recoghition tec ues. "I'n one orméd at a
first lewehl @Clmrdnedtﬁdss,m 1hab. 42588CE96p. Fcmubivatiat afalyss is theipl ot of the
data in terns of

ri.nci pal ents; ,.. Figures. 8-12 whi ch
oo e et st ddevar B tisnialie dRer dif oot (@i sHpISTiss bapEd
mul ti vld ghgsadadyitbs foﬁn@em@msﬁat@ Bnd1{A8s ﬁl@hﬁe St Sxadlpl& pRREPALduSRknoOf

correlation 140 based on the differences (and/or simlarities) discerned

f r &0n t kealfsis §IPCAX)edlisgimingwranalysis i( dhA”)FBCAeQénp&r@nloahccmrﬁéatMo@Cn)e nt, where
the first | D N |, of
cor ol REh RGBT E0e T bR AG BLBe oy aned By HEREA I ¢ 20

Thi s s@eRitfkd, auepatedm eopeitiah te@Anigee Inanbepbadiélht RCA-BlAaisipeifsindd 4ta t he
first level in that |oadl ng C{)I ots provide information on the contributions

of i ndifiystdensl of wmlatmdh@rpgo uges fecopaplobia et liaalot af the dptaningdens &fdwot o pr oduce
a scor r1§1: %11 co'r:ﬁ) on%ét@ng% gs £45 thq&{ ﬂ{: §§§cr169mﬁfhéte§el&vpcﬁl%%4%ﬂ¥Of

mass cnr a score plot repr esents nmmass
or il§i nalid daghe (frramrff@ﬂﬁt ﬁl&lﬁi’bﬂats analgds 1s|perf0ﬁn¢lhdm tenatazepai ateoond &debaﬁl ng

| ot t tr t f { |
s o pORE i 14 et A7 ol it aa don Srderes) Ssfma o GHEFLIEth dat a

set conprbggspa plurality of NWR spectra, a point on a score plot
represents one NVR spectrum |In conparison, a point on the corresponding

Load: P 90 SRS b AT Wl L gruhert o R cbanen
Ref er r iphg, thgaesontideel gﬂccere]atllén cbapeisesanioddiag pht peidatdddnsa BCAcdeArandlysis. t he
l y i 11scgpe%cr Eyélt;{f%%géﬁé&%b%}q q? gre{;?g%}‘ﬁ}:e{l geqat%o?ﬁghl%qg l[h()erﬁr%tr]l%;[/el ?}1 t‘.lr}at[1 Foaaﬁl(éo nd
plots provide information on the contributions of individual input vectors 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 loading 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 data points fall
for a cerweaig/ogrnioup of data sets may conprise a profile f@CTiuse2/st7ate of a
bi ol ogi cal system associated with that group. Further, the profile may

conpri Sg dé%lb]?édWESl ENO B0 iRPeepbdiradueS0169) PF 6L cxafled tiRgioh i€ a k&6 bl
contribution fromone or nore points in an 5 associ ated | oading plot. For
exanpl evheiptedatapoigfafall s psedamprqweo! dagsesmanmayisagdrotip ddhe pateof
spectra, . hj i . fd taln ' te if
spectr gdrrtl)el?lro ?i(?gf %ﬁ{eﬁsgﬁé%?? rhﬁg)é%[%g%%f aqu%thaé tg% rggle%%{ &4lﬁpr§£ (]? gtrhtst%?n regi on
of the aboos egpindh aancreiflottdnd anspsdfic Ehelafebogibatien from anepamidre pbiats ihange of
masses provide a ,sj&%rifi ant contr{]‘%utio to the correlation observed in

t he >sc diPehest loadingplodr |1 RPr eiaple, WhES Higt ot SO ingss RURMa9E™ S, a 10
bi ol 0gi @for 3338 IBHRY lﬂBio?icfal §ys’te:ﬂ{ I‘Ha# gliﬂpfﬂft%tb kg @foﬁﬁs otlAdife if%g?&tteoﬁﬁertf?mt rec

data sets from “appropriate sanples in a certaln region e score
pl ot anditd fetsefrqrampproptiate smapkpe faf in aclegaingagios bf fie svede péat and iftthe iR spectra
provi de.a sitgnifigant %Pntlri bution to the correl io€ ?ht')ng.rv d.in the
score prOtDatpgramsdet s RATCIALrARE: HIRasieR P Yife AStEnHRaRt cantiibulion o the

I nspectdodB]atioR ober®iiEin e §BEEploll BimMBRY,IWikers R dakBseff colntiRisel BMR $B4ctral a YES'
to i nspect spectra query 160) based on the correlations discerned in the

andlly silolggicalrasteirmay pelydit igp thoproBleafiastata Eepesitpmsirie dafe seig frome second

| evel o rrelati 0 file S 0 5S¢l | | Sethen
devel op%’gm%gﬁ{e Sﬁlgllp iegg%%} %c,:é?’ta%%glé)ntoﬁgr?e ssgg%etﬁg %tt%]fi 1%%1@3%?@%} 1%121%«%83%0@” se
mass clohefidabghifivaluet ethe®™NMBdpedigectide b BignifRast conbritameh aghaerrehtibinose
mass ranges showing a significant contribution to the correlation based 20
on t he B5eIPHE! e s¢ore PH¥pecti on of these nmass chrommat ograns, for exanpl e,
may reveal what species of chem cal conpounds are associated wth the

profile. Such ilnfadditigni e mesljodyaanfurthprpineiude b sepiofpspeciiond 5P of oy emeteer
Dt i fh ot . o Ref bt . LB
o AR QL0 g5 451600 L0 OBl

I nvent i discetred Sh twranalgs’ adthemfosidewd oficqrtalatiin 139 antl/od diad asthe Secdhd laekof

preferably 25 subjected to a prepr.ocessing step 220 prior o multjvariate
anal ysi @rreigtiop 14y Ao fiiphese & ¢ ainpetion liS§h€tnrfEeweé8ﬁ=CF b e oF 50 BRle

plural i {ye0fhedBbarSsiithe Hota dbS €6 Pri QNRasl Chitifo i8S, tRE metHolifipEAE B AR/ O

simlarities %gtween them The first nultivariate analysis y be pertorned
bet weenchsarhatsgiamsaff thdse nubas sanges showkigra Sgeifipdnd conthibufion ot thercdrtdlataomi trsed

i f b dat 1 dat t 2, 23 d th
£ 1 B e ST, B e LG DB R Rlactusl® SurBefvlt jraf e bntia: o cet
2 and dgbdest chdmichdompbigndiRidodiAewith 8fe rofRC ®¥eh information 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 or 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 analysis 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 WO 03/017177 PCT/ US02/ 25734 differences (or

sim | aritwegpodiligterned in the first nmultivariate anal ysi #Can$opng3or nore
of the data sets. This second nmultivariate analysis 240 bears a hierarchal

rel ati gFehiRed @r kidglakitieStdibdthediin the bt tlilgivetidié neneesm et eibrd af theset s

are discerned In a hierarchal fashion. For exanple, the differences

bet weedatd sets. Thisseqong mulev%re@remaxwéxses 20 bears adneraphalyelatippship todhe Eest 330 231,
232 and t%i% eIa fﬁggnsc S fijet r gﬂg ?&s gtreedl:écléﬁl ??ﬁ %fhe& cﬁallI %e{ E ! %lr yfa\ﬁ‘&glé %g

anal y5| one e e cors e ons
di scer ﬂﬁﬂ:m{tei h@wﬁ@cmﬂséwntan&ar(am@tzamd 2/81&(153)&4@ﬁt$ ddestebdp®l] 23250d | n
addi ti gn, any of the multi varlatgl@gal%f}ls St eps 23%{1022 24 yfurther

conpr i thendhasediffigendse preciihicnigd i pvagatgianplysis ?r}e\Fé??‘ 1B ysi s
a_t anogﬂﬁfle b&E, ‘ﬁ{e co%%ia%ﬁ%ﬁ%ase Qf‘m?tﬁcgse%t)?# mﬁﬁﬁ/@ﬁht%’ané g'gl@ 28§ 1sd€e§/€1r

wth respect to |gure on t erences [ or S|mlarFt|es)
di scer2s@l fromthe |level of correlation used in aprlor mul tivariate
anal ysis step 231, 232, 240. A profile based on the information from one or

more of theseld additich, ahy 6Dthe ehultivaiatemaltsivesepb @3 tlea3a| mdla?ﬁﬁthez51 (" NO'
to inspect spectra query. 270). Alternatively, the nethod

rthe
i ncl udéoﬁpg’ﬁee%ﬁt?i? Ofﬁ%@é@fﬂgdhe 2‘3’3‘3 o 2 diktereyt mylipvariaty agplysis af @%]ﬁéi?‘?e éf t he
daj@ sef e1gua§ﬁ 0 &exaﬁl RE buchPR Geb ibaH Hidh rgséa% teﬁgﬂe PR) bAg4CaANKE! ati ons
di scern nalys s at one ore nore ve corfelation and/ or one
or nor d1ffand:1iaev eandmr eimibanidey)sdiscestedfzom Aleplc‘cﬂﬁ of @ﬂﬂ@im wed ithd gridmspect i on
t hen be devel 2 t i,nvention be used
Lo dev BN A TR GHP2ET- THh ST AdUnalE CEatiE Epiondrich Sfs S e
facili b@ﬁfesé 1%%1@ S SdrRRIRIM mBf th%ﬁ%@ﬂ@@ép‘dd%ﬂ 2 ENoPith @sspedt spdtfa Q{u@fyt

| evel s of bi ol ogi cal system such as, for exarrpl e, genone profi

t r ansc 2 OM‘IQIH‘W\@W; thssmethpd mep Ferthar dndludes stepref ireneatiot SHeofMSOL ase
h
SHERCEG N R R e T

gr oup) disteedén ms efialyss env@lewas moadlevels bf edreutatis and/os ong bEmomnp]muvemts or
patterns of conponents between the two oups exi st rder to obtain a
bet t er ap&ly§ip §ichht Apraide bW@PP}hﬁgﬂsﬁFﬁ}(ﬁgleaﬂ%ﬁ%‘fﬁl@ﬁg% tgo det ect novel

bi omar ker s/ surrogate markers, and/or develop intervention routes. In
various enbodi mdamsthadser Greaesent invortian may b wof dedevplamraties 8h aBvel opi ng

prof 1| 2odhiclBhARRl o (AR SR bhofllB! REHAS the TGlofth G Jr8SmbRfbAdIA & the

deveIOp
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 control and patient group), may be used to evaluate any differences in single
components or patterns of components between the two groups exist in order to obtain a better
25  insight into 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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conpr ehensi ve netabol one profiles. In other various enbodi nents, the
present invention 30 provides nethods for devel oping profiles of proteins,
pr ot ei n- cwopPBeXxAES7 and the |ike. Such profiles facilitatePChaSdy¥yBopnent
of conprehensive proteone profiles. In yet other various -10 WD 03/017177
PCT/ USebdBifists, m&mw@tloh&ﬁo@a@&ﬁahodmeaéva? r:%]msmé@%f paichods for

devel opi ng profiles of gene transcripts e like. Such profiles
faci | i frapripke TRNAa8H ﬁ@rhkeoﬁ“@lbﬁiﬂﬁéﬁ;efﬁ@ﬂl%e thg dayedopsnestt iof eemprehensiie ver si on
of thea Hpg?) nts, the nethod is generally based on the 5 foll ow ng

st eps: %T§ ron of biological sanples, for exanple body quids

(plasma, urine, cerebral i.nal i a7 :8ynoy I id.,etc.); (2)
sanpl e prepar atlﬁ1 Sh° bes'8l Ogﬁi%ts %%nb%411518ﬁt§,rﬁﬁg 4 gﬁﬁéﬂ’@ﬁ%@ lfa(gecg%l "ihﬁvest i gat ed
ands t héolsdvaat 6RPBL(1) Seldctioh bf BioREidaDsddepl ey Bdaxeasiple(ddy fluidsTyRshh datdepn of

|l ipids, proteins, trace elenents ene expression, etc.); ) measur enent
of  t heetspighspirdidrsaliva syroyind @ﬁ&g@tg )i@) swlepwe@n@abasg;éﬁa s using

nmet hod I I | ecul e
Cuber aRiRERAPESREATR b Bffhg N A (0 o ERRHE AT e 86 1€ Shfflo
conpoulg., sweknmpn fob hpﬂx,amjﬂems, tracpiettsnensd, ger ei@reskmlh e:tca); i(B)smeasatenemandi ds,
(neur o) pep tfédes vi { anm ns, ani c ggl ds,. neuyotr.ansm tters am no aci ds

car bohyhfr g §OHQGBHP%%‘P0@§N“€‘§ e biegiel samples pjam ethods BIRSHIRSEFRBCY ¢
(S)o T auhgRMR; £ %a@lﬁ@ﬁ%ﬁtﬂﬂ»sel@&%d HRiRuRNAbYISsSs HShed k&Y drﬂtﬁei%ﬂ‘@hys' S
according to any of the nethods of 15 the present Tnvention to

i dent i MS*Iaapnoeqzhfs td stushe esrup@mds suchals, for ngarepls,dbndlsasts@sdsoblle mcll%cul es or in

nmeasur enent s centrati on _canmponents

Cpect r SirarEI® Gt SRS RS fhebrt B PR e R s TR dara sets
fr om dicatboRgdrates XipgicioiBinics, @ikikotitiod] imdagdredsNterdbidtial @t’izeg ythty dafie data. In
addition, the nethod may further conprise a step of (8) acql;n ri ng dat a
sets abPrepropesiag: (6 dzﬁ@ pRalysis wsing pltiveripts @nplysiapecordiag BOANYOHIL hgdoef
teqpor @111 eﬁ@%@%e{t@oﬁ nfgllciénﬁg’ e%eﬁ‘ [nsAA %Elﬂ‘gmglfl Elﬁél@%ﬁbcle-alé & er t hods of
the pr es I nventi on y be eve op pro es on a Dbionol ecul ar
conponemiledw¢aeorah hiehneemérto of laighicocexamiiticat qomfonbmt@ hdgg BAMR 9amake t ypes

i ncluding, but pot Ilimted to, .blood, blood p srra bl ood serum

cer ebr SBFTRACtEY) AN, (7hiqiRg ofapyftivariate YSlSsS?rFGW Ml data etp g IRt 11 ui d,
peri carghg mérlté’hﬁjd ﬁH&Péﬁe@&ecﬁ'lmtf:ﬁegﬂ 1ﬂ’thé @eﬁgsln AR, flbWdlholn Alride fluid,
intraceltular fluid ntercel lular fluid, lynph ufine, tissue, |1iver ceIIs
epit helcpmn)rls@h Bisp of é8”)dl0¢111uehg dita setb lata nlhm’dfney pomilty mtlnm®§aah‘@tedhbl s, bl ood

Ce% S 1n0n1 1‘1%§ olf %ém ora Ic?xar(fgeels L1ns the %Cljtlll \(/)asf%tecpa eftis 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 to, 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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tunmor cells and mammary cells. I n another aspect, the present invention
provides an article of manufacture where the functionality of a nethod of
t he presewODoovAamti on i s enbedded on a conputer-readabl e POTMAESA2/28T34 such
as, but not limted to, a floppy disk, a hard disk, an optical disk, a
magnet &6hddab&on tie B erdBadaBRM die iR manbdP¥PchaMite R ddbid ksir@dtadnkt y of
the nmet hod nay be 1 WO 03/017177 PCT/'US02/ 25734 enbedded on the
conput erlangagesyuch an dovenampla WW!P®$06&n§u€éﬂ‘r BAgHapndassesblyuct | ons,

or | anguages as, for N,

assenb g‘g‘\gg'ngﬂlig%? %EL? PEREF ?%%ﬁg (lz)nﬁp%eﬁgr%- r %lgﬁ’grbcéléal g\%tb?t%r tﬁegﬁggg% > for
exanpl gacridCotfizhétich@lly Bmdeddui iptommeRtally, availati e neftvwan &uck ag relpe,dE0EL ror
comer ci al avai | abl e software (such as, e.g., EXCEL or 5 VISUAL BASIC).

I n ot h¥ISE8pASIC)t he present invention provides systens adapted to
practice the nethods of the present invention. Referring to Figure 19, in
one enbodi nentn dthe Sysite he mosent insemiompeo‘ddesmys‘ems paémtccbtmiradtice thest rument s

1910 and_a da processin e 192 in ctrlc ni cation,

Wi 1 ol CESedn ke BSPERR BRoBo e Hiod3be 1 SBene DAL SR 10
conpr i §(ﬁnnﬁﬁb\és bRSbf 4 cSRRRGLE 1r8fru19@1'ﬁ§ '1910 2 SR8 bFRBRII devi¥Baspe aient s
usef ul racti ci ng he nmet hods of e present invention. Suitable

spectr dﬂmlcalcconmummmni wirglasy qmenurmmoam betht The Wﬁ@%ﬁn@tﬁc inggryeent may

an cramersps bR eRp Al SR BBAR T BReRPRaFuS eATH BRsRRRE"

enbodi fRMethdROLINSH:EEBNt Iiehiie!. SioEPleisp@Sroafttrgxingtinaéntsl aichldasart 436btst or i ng
data accessible by the data processing 15 device, wherein the data

proces bmﬂgd @rema@e spesppEiens lidnie @@meg@he@ g8 hase chygmategranhge and
met hOdglle tr Iop hg egﬁéﬁ?tﬁﬂﬁ ﬂésg\flﬁ&'%rﬁﬁnyt?dngghﬁéofl ¢2Shothd Moﬁlﬂﬁﬁ hé E}%{é:ﬁg in the

ext er na ta processing device may conprise an anal og and/ or
di gi t akurthief Cathpristd apte@riad databyst eMomﬂgdeftmmmbialbyttbe drfta oeessingnor e of

t he net hqods of the present invent.ion t art info tion
pr & déeries, wheeeig s %I?FBF?SF’&gldﬁ‘é‘P‘?WIg et ﬁ ’%—?ﬁff?’ r?trglor? ﬂ’ge{mo dat a
pr oces 3R 46 HeroRMt 1hgmtﬁ)ﬁqﬁfngtahfea§tlﬁﬁ‘ﬁ£ﬂt anakidrad Bfthé BeeiBt degasQf the

present Invention as software on a general pur pose conputer. In addition,
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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 Intel 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
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25 of high-1level |anguages, such as FORTRAN, PASCAL, C, C++, or BASIC
Further, the programcan be witten in a script, macro, or functionality
enbedded wo oproopri etary software or comrercially avai | ablPeTashr/e®is£, such
as EXCEL or VISUAL BASIC. Additionally, the software could be inplenented
in an asstoblsych angflagsy dilk, adiaadldisly aa opticd] dpk oS eRgticrtesd, dPROMpah a

conput .%or exanple, the software can be inplenented in Intel 80x86
assenbﬁ’ip M’%SQQ%QM-f it is configured to run on an I BM PC or PC cl one.
The software may be enbedded on an article of manufacture including, but
not limted to, a conputer-readable program-12 WO 03/017177 PCT/ US02/ 25734
medi um such as a floppy disk, a hard disk, an optical disk, a magnetic
tape, EPXRRUBLENSMBEPROMOIECULE RIMDEOMPHE : SMALL MOLECULE STUDY OF THE 5
APO5E3 MOUSE MOREO EORIGTISERIODHIRESRA THERBIIRIBR ASISt he practice of

vari ous enbodi ments of the present invention is illustrated below in the
cont ext of a snui exampleelithe psaatigy obyarione empaliEgniseif Herpreseahiyentian is rouse
nodel . . The .APO E3. Lei de use .10 Th P Lei use nodel .is a

rr ans gl I REpeRORER AR Roik e Mol a7 r AT R THRE sRRSETic, or ug

D scovehyusemebder.ug Devel opnent,” by P.L.B. Bruijnzeel, TNO Pharma, OCctober
24, 2000. Briefly, the APO E3-Leiden allele is identical to the APO E4

(Cys 112 -7y o &3l elen Msisel Nncl udes an in frane repeat of 21 nucl eotides
in exon 4, resulting Tn tandemrepeat of codon 120-126 or 121-127.

Trapsgenic mc [ P -1 ej I; ve
hyggrl i pi dem ce{) eno?;%e@%@a@%%é‘g@ eﬁ%&cﬁf@%ﬁ%ﬂé@ '[QII %ﬁgelllﬁg%gﬁ? %1)91 fﬁlg
devel ofdenit Tofnsgeie Mise irelDntg Risphvaguasl DiligdavelbpinehgSbya PHi. BhBpiijedéett ed

o ot o1 nT Rl lter dRAtohn BRBiafe Apd BEr5 R tRiSiintiel 1 i ArG e
pr esent(CoxpITPbeA rgd Qlk | i YRGB n 10AROrE3at DS i R6HNRIIR 2L I Ed wf ter

20 collection of urine in nmetabolic cages. The APO E3 mice were created by
i nser t itandent repeatel Fodapef20nE$ aruRdn 2d e deansganie mice(XposHag APAPE eidgnd a very
honwge | at n t. { st, 20 1 nbred.generations.
TSt ol oa b RS AnE e R ARRLEHE Ppbu e e Racr tns R SRS B0 10
APO E3 the development of atherosclerotic 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 Q.S 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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urine sanples (about 0.5 m/animal or nore); (2) 10 wldtype and 10 APO E3
(heparin) plasma 25 sanples (about 350 |/animal); (3) 10 wldtype and 10
APO E3 | iwerosparnpt es. Fromthe plasma sanpl es 100 m crol i rergsese3used for
NMR and the sane sanples were used for LC-M5, about 250 ul is available

for pra@teimywonknanDediup!| BIeH Esd B¥ihe S@MPes Were stored at -20C. In total,
19 plasma sanples were recelved. One sanple, aninmal #6 (APO E3 Lei den

group) was not pjRLESERe e%fniaagmﬁkaaaw ﬁgﬁa%ﬂﬂ &8N prétie portions

reserved for proteom cs research were 0 transferred to -70C. -13 WO
03/ 017 prrif@ETlib)SAZC-4Y Brid paofilEnprasiramantalof tetrddshs, saliples veeraiplefaied méthSampl es

Pl asna _sa e extract ~acconmpl i shed with |so ropano "

preci piaflﬁ{é?g{fﬂﬁprawenﬁé PR ?)l‘\%g%r; &ia{;‘g %&W@?‘F&Fﬁ@e R’én%?l 18@ Ea&g%{“gs wer e
obt &i negls g\gﬁtan OfThe d3ulRAr 4w/ QSR Al espmozeaéeu%th( anBspkropy-BASkI3IeAIP 8RBT
pressure chem cal ionization ("APCl LC 5 M5 system The resultant raw

dat a wéeshpiqup selssansiely olimilar ot é’frdlﬁcéwdblaﬁ@tﬁh%ﬂls HeteslcAppliration Serial dlre

subst a [AVORSS I l'i cation
Ser’ ar OR2083 0 Bl o TsSuROG s LReRtt 1% Hifee oL Hlnc P U0
then s ubjnpsﬁ@ﬂ ah&ly$is (¢ ‘rchjAp’a hnd/codipaiieintntamalyyis I(‘S[)A”)R@éor)infgtd/ﬂw meiheds ofri nant
analysis ("DA") according to the nethaods of the pres i nvention. The raw

dat a fﬂ@ﬁﬁ’rﬁ#‘?@t NYROGRIh s hegaw st féqmﬁh?eNMFawug%{mt%%f E lagpa sYBPIEE PEY to a
paffer ayg; eaegfq éhggérr@;abgﬁﬁhén é?ag’ (@%CE[“PAR‘@*?] %wauaqg&ig%f&eaﬁfgs@hagas(é uch

as a pa ectiof and multiv ate statistical
anal ysipsrtiallinere fi) ppdledetavtioe apd spdnadawrsthtididR] ppdypis. enent s of the urine
sanpl es were obtained. The raw NVR data on the urine sanples was al so
subj ected to a (RARGaaipds &S prepived ahid NMR utkasurpmens of e siring sarpplek waed ect i on

and nmultivariate statistjcal nalysis. 15 B.| use Bl o
Pr epar &Pasedaridecaw AN 41‘1 w@aél@niﬁ%?iﬁs %miﬁ%%l ﬁéw ﬁﬁ’\@%& fﬂa V8&m
tenper aht c}f:mcﬂdeg 15%%%9@31 ﬁp%k deffifn taﬁ@ﬁﬁﬁtﬁfah% stelsfat a%aym@ppendor f vials

and store The sanple volume for sanple was” | ow and only 50

VaLs transfifreggouf ok, NVB gglg 137?1 \r@nbg g}l ggxeg%ym S 150 | aliquots were
transf sanpl es were cl eaned up and

handl ed sub | | d h
of i sopr opanol 3y PRER Spifiet St FyyEhe b BLBHRE Mg o o i 0,7

t r ansf eyer®8endfert & ©! LAt ppEndoef viNVBEn@ Batedsit s70 ¢6) The msﬁle R/Olllﬁﬁc f'or t o clean

eppendor f
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 pul 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 Cleanup

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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vial; (6) add 400 | water and m x; and (7) transfer 200 | to autosanpler
vial insert. The remaining extract and pellet (precipitated protein) were
stored atwoaB/0C177 25 B. 2. Human Bl ood Pl asma Preparati on @ca/tSoz2s16p Hunman
heparin plasma was obtained froma blood bank. In a glass tube, 1 m of

human pl asggs angc 497 Blbod SRR BARsIks-Wwer e m xed (vortexed). After
centrifugation, 1 nl of extract was transferred to a tube and 4 m of

water was addednedifieniis WehbishediQlod la%a‘éﬁﬁ 1e§ %M&‘dé&ﬁh&@oﬁbﬁ%&?anm er
vials (1 m). —T4 WO 03017177 PCT US02/ 2573 LC.M5 of bl ood pl asma
sanpl eﬁPISbamemfn&ghﬁ M Sripsigument nESuant elpb@mmfrsmrtw elgometographd@smtmedaby
conbi nat i HPLC: t MS, | nst r unent Yol fromthe
it orm el PaBR T & ST\ Aot R RO ientira. et TR AL Oy

at mgs phgpical ﬁ%@&%&ﬁt%aﬁdﬁ%ﬁéxﬁ abed with BRLTAAstunMREhre) givén TAYRbEA anddidildeEnt
paranmeters used with HPLC i nstrunment are given in Table 1 and details of

t he gr &l gadiehininflablea?; 2ypical parsaictsios ithe B lsopee arqgivesin Eahly Tanditkosgifoen in

Tabl e t hose f source are given in Table 4. Table 1: HPLC

Par ane?l%ergpé%‘}rm?arF%évePs}?l%a@SgB 5m 100 x 3 mmi.d. (Chronpack); R2 guard

col um (Chronpack) Mobile pha tonitrile, 50 mM MeCN, water ad
SR Rl

1000 m, 10 m ammoni um acet T/l) 1mM formc acid
Mobi | ¢ flagg: B: 30% ﬁf&ﬁ@@@qmls LR, mgnﬁrhﬁul €GhréPBadk); RS cppanol

acetonitrile ad 1000 m m amoni um acetate solution (1 nmol/1), 1 nm
formq acid Mbile pﬁd@éﬂl@,@hsm%aék)chl oronmet hane in isopropanol, 500 n
i soprapanol, dichloronethane ad 1000 m, 10 nd ammoni um acetate sof ution

(1 rmolMdbile ghasg Af or pd% a;eioditﬁkenﬁbmhMﬁCé\i vedier @0 1@ mbridimli oned | abjor at ory)
I nj ectli on volune: 75{1 10 Table 2: HP LC((fraqi nit L
ammonium acetafe solution (I mo /1?, ml formic acid

Mobile phase B: 30% isopropanol in acetonitrile, 300 ml isopropanol, acetonitrile ad

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

Temperature: ca. 20 °C (conditioned laboratory)

Injection volume: | 75 pl

10
Table 2: HPLC Gradient

Time (min) | Flow (ml/min) | %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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Time (mMn) Flow (mM/mn) %A %8 % 0 0.7 70 30 2 0.7 70 30 15 0.7 5 95 35
0.7 53560 40 0.7 53560 41 0.7 5 95 45 0.7 70 30 -15 WO 03/017177
PCT/ US02/\e6034171Tabl e 3: El ectrospray (ESI) Paraneters Me®€T/ysoy2isye Cap.
Heater: 250 C Spray volta e: 4 kV Sheath gas: 70 units Aux. Gas: 15

units Scan: 200 to 1750, ia@égegrecffagyr@(@mﬂmabgri ¢ Pressure Chem cal
| oni zation (APCl) Parameters de: positive Cap  Heater: 175 C Vaporizer:

450 C Corona: 5[Modsheath gas: 73PQﬁm\tes("‘)Aux Gas: 0 units |Scan: 200 to
1750, 1 s/scan 5| The Heateect i on sep&Eh¥e for sanples was as fljoll ows. The
mouse pl asma ext | §ehg volee i njeciétviwice in a random order| The human
pl asma_extract waghdafi @4t ed tw ce| gy uhie start of the sequence and after
e}/e% 5L|anlvgct|o Rl GAJI€_TOUSE aSEiEXtracts to nonitor the stability
o] e - congt TS TheTandp T apptTed—to prevent the
detri ment al effefé of—posstbte—d ??(?531;?‘3 ..135/%%. 52. tate—statistics. 10
B. 4. NWR of plasma and urine sanpl es:

Table 4: Atmospheric Pressure Chemical Ionization (APCI) Parameters

Mode: positive (+)
Cap. Heater: 175 °C
Vaporizer: 450 °C
Corona: 5puA
Sheath gas: 70 units
Aux. Gas: 0 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 sequence 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 residues were dissolved in deuterated methanol (MeOD). Deuterated methanol
15  was selected because it gave the best NMR spectra when chlorofom, water, methanol and

dimethylsulfoxide (all deuterated) were compared.

NMR spectrometric measurements 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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NMVR spectronetric neasurenents of plasma sanples were nmade with a 400 MHz
1H NVR. Sanples for the NVR were prepared and handl ed substantially in
accord wiwb ogle717f ol | owi ng protocol. |sopropanol plasma ercrasts2y7300 |
from2.3.1) were dried under nitrogen, whereafter the residues were

di ssol vedNMR-geidbgebes o falltidld/ e uredentt grefeRB]yeipliadte meiSurvv@snts)

sel ected because it gave the best NWR spectra when chl orof om water,

met hanol ematoteliqf8sAwplssl f oxi de (al | deuterated) were conpared. NWVR
spectronetri c neasurenents of urine sanples were also made with a 400 M1z
1H NVRe (NMBpeantasoreetent of plemsay merdtéple seandeoas yseferably ffiplicito incamiragents)
spectronetric %lez%sgperregt.s re made at netabolite/ small nolecule |evel:
-16 WO 039 PiFPIPEFAORES/298734 NVR- measur enents of urine, multiple

rreasur enen preferably triplicate neasurenents) on a total of 40
npl es; ‘&Mg msasieress Af Plasmp (piavmalipid profils) enwiiple upeasaismenisdpisfeankly| v

tr| pI i Cattﬁpﬁ'@%@%e%ﬁﬁ%%ﬁtf asrra teﬁ%tfﬂb 8{1@#9 sanples; and 5 LC Ms-

rreasurerren asma I pi d pro mul ti pI e rreasurerrent s
(prefera tr| ure 40

Char t o et e R AR e %ec?rgag&ffc el GadRectnie 2l o
accordleﬁﬁ;oaﬁn@ﬁ@fﬂﬁrﬁia&énﬁrﬁv&m@ﬁ1§é1m@1r1ﬁ$\iagﬁresmaﬁttmn i's shown in Figures
2A and 2B. Referring to Figure 2A, the spectronetric data obtai ned was

grouped into e'f@?&mﬁgtt@ﬁg@fé BLlike %Q@tr&ggtrlc-ﬁla@ di@él@edsﬁzﬁssgr@@ﬁe% A dightlaaws:

(1) data set 1 conprised H NVR spectra of wl e nouse urine
safhpl eset3301-308) Thatataseis @maﬁnﬁpﬂowedl)awa mtij CORpRING 4 7 EH-OIMRPO E3

nouse urine 3) dat.a sed 40 pectra

o - Apo T SERINES S0 b 4k sLREr 380 0% 2380w R M SR ESS Wi
1H NV &pecd AP OE3whdudt Vifke S’@Mﬂ& 30208 datasih coapieasio804Hz (B} NN a set 5
conprised LC- M5 15 spect ra usi ng ESI} of w|dtype nouse bl ood plasma |ipid

sanpl e§PIWR; of A0 Hatmouseplog @éﬁ@ﬂaﬁg@a es BB3NG) dgse eat tecoppsisedyd otHAPO E3
cpoct r A Ro PGPy 1 B R BT R e TERBPEE 1SN g
( 815 datspeciet(ufing ®IPy dfsettitye dvuse frbatdr dasmeslipid) sadmiley 3QfF; (6) datkt 3406 compsisedd| ood
bl asma 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 spectra (using APCI) of wildtype mouse blood plasma
lipid samples 308. Examples of the spectrometric measurements obtained for each of these data
20  sets is 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 SA 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 sample '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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i pid sanpl es 308. Exanples of the spectronetric neasurenents obtained for
each of these data 20 sets is as follows: Figures 3A and 4A for data set 1;
Fi gures BOoana1AB for data set 2; Figures 5B and 6B for @aTaise®2s734
Figures 5A and 6A for data set 4; Figure 7B for data set 5; and Figure 7A
for data set 6.Réfafringus Figedsiiiesd/si,e thotsetled of gebles S1a 820 Werel (hegresd & 7B.
Referrigg to Figures 3A and 3B, it was noted that peaks associ ated vmth

hi ppur ite ARS BB mpyseipad plagwp sample nH MR doeetrs; ﬁ@l%‘ﬂ@r@ eitherriabstantially ' H NVR
spect r g Miglof ﬁ@%l@ﬁ%@ee@%%&uﬁéﬁ ﬁﬁﬁ?}éd%lcsj-:&' SQPS hof\xfnq %ﬁeﬁg E3

nmouse urine sa spectra, indicating a p055| e b| cal
pr oces sindoBg te peaks fmsodiex E&thrthmﬁﬂt sdref of péalrg 510 afei sgbstagiallp ahmit #Bm tha

addi_.ti on, peak ssociated with i d ied c onent 42 re observed
7 bhe TrionRe Bt BT e T SRRk the SeoRa B EReke 2l Beyesent

substa%r@gdhye@gstg@{,vﬂa{ ML g3pondi ng  1H NVR spectra of the APO E3 npuse
urine sanples. -17 [ 017177 PCT/US02/ 25734 Referring to Figures 5A and

5B, a two seri Jse bl ood
pl asma sanpl e %@%@%%ﬁ% PR A IC ﬁ\q\/\/{erﬁgsoel t gl%éagst&;agﬁ ?“Eghl sent from
t he wi Ipdbypietidyleldlines 5‘ﬂ@S®PC’S)lJ7d9th¢ slaghitly re@utad adm&ii@uty msths thhE.% maasgur es

6A and 6B, C|a dvmththeflrst series of pe 510 are
oubst adPraia I AaEE Bnors TRt b Liaharis asr e ag: BrpsPho RORISETE pect r a
6100 whabgakth@ %aﬁmﬂ A9 DeticeR BRKAPOF a%rdamnﬁgﬁees%tecuéouﬁd ifadpGRd in the
wi | dtype spectra 620. Referring to Figures 7A an it was noted that
peaks asswwited with fiiglhicdrides 7 3(bW©1§r$thtilImaﬂE maviréased in(intepsity iRChg APOOEverowse
sli ghtl Cr,[edua din t{% ihat%ﬂ%n t he APO E3 nouse spectra relative to
those FBFCHHE V\IIIV?ER%% ¢ ¥% associated with phosphol i pids 720 were

Spectra, and i i B Pg@%@e”s%é&o%\%%’eﬁ?rrtg?%e@% a3t

subst anihBkisYyds perBAS&HbdtRedl dRN®td ¥ ahdD, 3dALS 2B3 RS Pande) ef@srp@@mre@:r ative
to those for the wildtype. The raw data fromdata sets 1 to

pr dpr ocesls efda @plexpldizofrclation 330, ey RO AaDA scarealgtsi Exomplepef ﬁl@rrmtts béthgeen
data s . S ctlv 5 each at
a fi rst?ﬁ | te“\}% Wgrfl %(e: 8% arlg%lg ﬁao%éblgg& 0%0%%1!5&%5%”%%”{6@ IP %Egla% &8 of the
resul t serfl 4dde; Figst 1MWt davaetsd smdanahy Figural 3 ﬁ)rfdhfa%EtsB%% @higoiheRidad | on
are illustrated in Fi gures 8-11 for data_ _sefs 1 and 2; Figure 12 for data
sets 3 datdrem hypynpspgiles). 1Bate Fomthe frg andtivrigicpnglysisrvasibanised derrodyes a
Lg gg‘ P%ﬁ%@g@%@@‘c £5dconPHR1 bf AelalfiGn B Sle., PE A DTG pARE! XFeRaBR JFRRE

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 1 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 APO 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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an analysis at a second |evel of correlation 340, i.e., PCA-DA | oading
plots. An exanple of one 20 such PCA-DA |oading plot is shown in Figure
14. Referwongotn7Fi gure 8, a PCA-DA score plot of the NVRPdatsoi/23734 he
urine sanples of data sets 1 and 2 is shown. As illustrated, the analysis

gr oups MR ARt §Qlovw RT3 02 gurdiolidhdtRes i Wierd AleAnrleWdistHOSUBSbIEE dY

distinct regions’in the score plot, an APO E3 region 810 and a w |l dtype
r egi onu®26; urinedirefles ingthe watdtyneimeuss gplites al one may suffice to devel op a
profile 25 that reflects the transgenic nature of the APO E3 m ce and serve
as a bodyf | ui dSiitariyrik&ligurpi 0fd $cerd wot afitld NVUdath forghaARMnERmmleseoffdatam ot her

t f . R i Fi 9. . | ot .of.. the NVR.data for th
Y Pre S s aveilns@ded. 6 iR s bRl Folis sliiiaitfe i SRl
i nd§ catydid Maluihd'&fspled & dded: afihd: coFel@e it rfiRrRnse Spe&ﬁbéliy?ﬂfemﬁauyéiis ne

sanpl es of data set "1 that correlate with urine color. SBeci ically, the
anal ysillisBates threesegignemn thaseae glostang correlagh ét brovm wiine By andmnetheetr r el at ed

andyoPraRra oD, ety ovpdibe SR ketb AN e e A ooy o™

subgr owpsir®f 0 ilNBWaEs thad thereRi@fHréetibiduphef mblsdtuyipe prafileeinabdAPO.ESi mi [ arly
in Figure 10, a score plot of the NVR data for the urine sanples of data
set 2 MPushert. As illustrated, the analysis indicates that there are
simlarities and differences 5 within the urine sanples of data set 2 that

cot®el at e wi t hRefermeg todligure 1$pe RCA-RA! sogte plefeof dlralNYHy datp forfhe vidtees t hr ee

regions in th car. | ot or.r el t rA . t her
to” partnBeburaf PHEcRs3Y ATRIES B Seh i, 35 AR P End B RS AR

cor r el MeesareeahibRitik0 3R differdiseewiltBinithd wsde Atplestofdutatshsl andi? evérhfoe arine
subgroups of nouse urine profiles in the APO E3 npuse cohort. 10 Referring

to Fi givith tha sarae qutgr (yReeificrlly. phaanabsisiestiias thrge segiens 1 Hie sgptiemlot pl es of
both wi ] | S . i i

o cat RS S IATEPE T o] SRfIHD: orfFo pui BOMAKED ES REANEIKIIR0,
sampl eandfindthdrao sellev Wildngen@senriiot 130 Fipare Wi Hlustrdtes thantbere@rothree

Specifically, the analysis jillustrates three regions.in the scor | ot, one
correl éiﬂs_é‘BCttS(‘}b?é?PP% T e@élnﬁﬁﬂ%ftge%‘fyﬁlﬁlé cirilieo?segﬁépfog’ﬂ%%p éhsglrng\}ﬁ] ﬁ‘ﬁ%egé
MUse Wpd EF Likigthis ﬁfémaﬁ@dt?ﬁ@&ﬂiﬁms} Shdvt6 at Bnprkh SHIMRE PFBdEEngyal B8 wkik0.

Figure 11 1llustrates that there are three distinct subgroups of nouse

uri ne proof pilebrowii winecan be used as profiles to distinguish between APO E3

animals fromw | dtype aninmals, and to distinguish animals produci ng yell ow
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 to 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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frompale brown urine. Referring to Figure 12, a PCA-DA score plot of the
NVR data for the bl ood plasnma 20 sanples of data sets 3 and 4 is shown. As
il lustratwo,03pbE7anal ysis groups NVR data for APO E3 andParlusvypsa3gr oup
into two substantially distinct regions in the score plot, a wldtype

r egi ontoldk&n@ngla 88toAMPRvEBoff RaeRifioh 2 4B, exhicrail Gullihd bt Rir Q0 IAsIIigseal one
may be suffice to develop a profile that distinguishes APO E3 mice from

wi | dt yp2 inshoevn irdligiie lhg to Figure 13, a PCA-DA score plot of the NVR data
for the blood plasma 25 sanples of data sets 5, 6 and the human sanples is
shown. As il | uRefatingto Fiperedraing Sids foroagess oNR1bkas arerodigledrigd0t-drPéspbadi ng

to each organi smt a hunman regi on 1310 i 1 dt region 1320 and an
APO, B3P RRBAOTHO G 19 PR o CHIE D S0 B aRe A AR

suf4i cend @dAR¥EhERAR cOMPbhdne mabirt tich Sfel ID@H iHRABENRNSAR (RERPANE3 §RA6E ypes. In
one enbodinent, information at a second |evel of correlation is obtained

f r om t Nersasmwilgltyps, andinggativatvebies ndiaigthe raversgo Asean he sean igdtigure f drthexanypl e,
the contributiaon_ of eag i sur . e 1.9 t he
seqr egat TSR ie e RS AT SRR BRI 08 b Bngl SEIIERE B8] O

I S useghass doM¥XddBdslabioclatBCIeséSR210nS hidfe investigae 350 asd theappeandrcleivel of
correlation. An exanple of a |qading plot for axils Figure 1

; D2 of S IS
shown Fanees gttt 1403 foned & by srgosigfetivgihlusorphogpiptisialchplings (rlapere bfanitmber s
ar ey ci Z 1 Lo a
mag% t g&\k]ﬁa?ﬁga 3%32394%%1?1 ?é %’iﬁ 6\%1%54%1 ﬁ@%%\?gi?e e}g)sgiﬁ%ﬁ &hgﬁgehrgasgr di nate
i ndi catkronmtpmaen forrbatseddtiyhaind A0 Bvapuserarathovdeindégum 16 handaBG@xERphouse

versus wildt , d. n i ve val ues i ndicat he.reverse. an be seen
o B oo ety iR e e dt o GRS S B SEE AR AT RS A e
correl 3t4oRsh Plouref @ exanple, Figure 13. The mass chromatogranms associated
these regions were investigated 350 and the upper circled ranges 1401,
1403 found to i i 3 = Ay i o :PC"), and
the 10 | ower r g%égfgﬁggdogigﬁﬁ Zlg\?v? I![lﬁﬁ%?rp i@g égke}%gglhg%%?}gﬁ%ﬁqgﬂ%%e%he

ph$ phathiedyh edfedsitothenmsrber ofwesidaeso grshnwn ffarbotowi diyipk dthimpselelithepa@d £BOnouse

are sh i.n Figure 15 and an | e of the so- phosphat i dyl chol i ne
nass c%ﬂﬂ%w%ﬁ B?‘SIBE‘)FEHH ?'S?@%g’r%atoﬁﬁg@sé%%@ﬁ% ;é)? Areeac H‘E)%/W%izﬁ Fi gure
16. Refg&H ihABthE ShaxirBtth Sntduityd IRy h-eSpdk 18eRlseqGarfHoLsPRGpBEra and it should
phosphat i dyl chol i nes, 15 whére n refers to the nunber of residues, is shown

f or both natdddhstpéthongh semeailds pregent, tha sapety of the signal corresponding to this
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 lyso-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 1620, 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 correlation. This second multivariate

analysis was performed on data sets 3, 4, 5, and 6, 371, to produce a canonical correlation score

-20 -



E3 (thick solid line) plasma sanples. The chromatograns in Figure 15 are
each normalized such that the maximumintensity of the n=3 peak 1510 is
equal forweloB/other spectra and it should be noted that al Phoagh/sose n=1 is
present, the majority of the signal corresponding to this peak |ocation

1540 i glopg81.bahiegMadletdd ity desitslof Ty secBh® Sfiataichel RRkis ieshoa ih IFigise 1At ed,

it was_20 observed that the geaks corresponding to n=5 1520, 1530 were
subst aHtshawldypemetrdchef analysind 71 apeelates dgadionsiveryery diffarentspestroBletiiq dt ype.

Ref errj . S gur, 6 [ o] r di :

| yso- pﬁgg%lhg?srg%csgtgl%i aﬁgg‘f&ﬁmﬁg‘?fé’ %nﬁi%e %ﬁ? gﬁa I?%E\\?g: §/1?°r%e earnsalyfS & g?rnunber of
car bonexangste, miay dilkeerh athietheadiffdenaindorynation hobeind progiiled ibg satiodiffefent bot h

wi |l dtype (thin solid Iine) and APO E3 (thick solid line) plasnma 25 sanpl es.
The’ ch@&h’&‘ﬂ&"gﬁ‘arrs in Figure 16 are each nornalized such that the maxi num

intensity of peak 1610 is _equal for all the spectra. As illustrated, it was
observed that #dllpeees indigurebpdheisangnical WE@W&@F@@S &etbdNYBognd IadviS

| i nol ej ' 6 i.all i . t
el at§ EORERAGREOUEY Bopidahiafid Ble ol SIS Tho bt AAGAS 1 BRYRGRECT
mul ti valok,af wildype yeplicn 19 aall an AAD B réghomeTR(, Indi&ting thatjbethNMBAEnddalrr i si ng

a canonical correlation. This second nultjvariate nalysi s s.perfarned
on dat ¥Seehnguesgesult ingggregatiogpgto c{f-%smﬁ? BalES hoWEXFITRP LSTMSIRsBpdYieliedac or o

- 20y m&gégl%ﬁ3ﬁgqeﬁgéy§% 25734 plot 381. An exanple of the results of
this second nultivariate analysis is shown in Figure 17. |t should be

not ed that analyysi el t e if t
spectronetric A%/%égﬁrﬁ(?lglé&fei’gflgtgaaﬁ%&%%%g gelfef‘(ﬁﬁ{é‘g 0}9@3}% %Iﬁlg 6étr71§£§§’a3n7& ’ %0 from
LC- MS. pladabe apammaday sorselaticarscorexdodse, Aresxadipbeefithe rdvelthefithdisédoaxdent
information js being provided.b o ifferent 5 teclul.i S. As

i | 1 ust PEY@RTiake anatisses fhown Rdelrds Etaﬁgoeléﬁqeaosﬁdi B aaﬁla;aagyﬁs?rﬁelmﬁﬁad%ﬁd
LC- M5 ﬁ%ﬁ?ﬁ' rﬁénj Igg?éctﬁ‘.hég)ﬁl eBPR i8R M g ORI BB RhCinbt¥Bnent
substantially di st

hu
nct regions 1n the pl (S]t, a W [dtype region 1710 and an
APD E3comfigguoatich? 2dyta setslb end 6 nging KR, dpdt7ranNNRiszrglAPCEL. fuBhtanchaliysisgor r esul t

in segregation into distinct..reqio owever. the LC- t h el ded a
10 o ek ot B el et bictorsh SR RASY Bpd Pt oA PR o or e
on dat ghst@h®nPeorfiguratidls 1B,addifidn, duRh aRiAHVERtLadRANhSPbe GREGHRELAN Score
pl ot 382. An exanple of the results of this second nultivariate analysis

i s showether giffpuens meghines (thataise theisxagiopag inshamentatipygravide diffeseniel at es dat a
information. In cases where 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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fromin many respects the sane spectronetric technique LC-MS, but different
instrunment 15 configurations: data sets 5 and 6 using ESI, and 7 and 8
usi ng APGVO 0soch7an anal ysis, for exanple, nmay di scern wrerhesn2/e§784 er ent
information is being provided by such different instrunment configurations.
| n addithé &ipendddcdlaishsutital\chhh ek Svhadhadoy e ﬁltmmmem@gdaﬂdqaﬁgesmﬁwawﬂey her
different nmachines (that use the exact same instrumentation) provide

di f f er é¥the qlagimsapgthersioreliptepdaslds bapmpeaced-f f er ent machi nes provi de
significant different information (on 20 the sanme sanple, using the sane
technlﬁﬁ@5ﬂbgraneters, and instrunentation) user or machine errors may be
detected. As illustrated in Figure 18, the canonical correlation groups
both ESI LC-M5 results (crosses +) and APCl LC-MS results (asterisks *)
for the APO E3 nouse and wi |l dtype nouse into two substantially distinct
regions in the plot, a wildtype region 1810 and an APO E3 25 regi on 1820,

i ndicating that both ESI LC-Ms and APCI LC-Ms techniques result in
segregation into distinct regions. Wiile the invention has been
particularly shown and described with reference to specific enbodi nents,
it should be understood by those skilled in the art that various changes in
formand detail may be nade therein w thout departing fromthe spirit and
scope of the 30 invention as defined by the appended cl ai ns. The scope of
the invention is thus indicated by -21 WO 03/017177 PCT/US02/ 25734 the
appended cl ains and all changes which come within the neaning and range of
equi valency of the clains are therefore intended to be enbraced. 2472579-1
-22 WD 03/017177 PCT/ US02/ 25734 What is clainmed is: 1 1. A nethod of
profiling a biological systemconprising the steps of: 2 (a) providing a
plurality of data sets for one or nore biological sanple types 3
conprising spectronetric neasurenents of sanples of a biological system 4
(b) evaluating the plurality of data sets with a nultivariate analysis to
5 determ ne one or nore sets of differences between the plurality of data
sets; 6 (c) determning a correlation between one of the one or nore sets
of
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7 differences and at |least a portion of the plurality of data sets; and 8
(d) developing a profile for a state of the biological system based on said
9 correl awp®a/017172. The met hod of claim 1, wherein step (®CTOSOPRI73LS uSi Ng
a nultivariate analysis to 2 determine a correlation between one of the one
or nnrgygﬁﬁscf%négxﬂferences and at least a 3 portion of the plurality of
data se 198"™PHE net hod of claim 2, wherein the nultivariate anal ysis to
determne a correlation 2 between one of the one or nore sets of
di f 1 er dnces naatlebdeaf prefaléng abiplagidab pysteim edrapristing theisteps o of data sets
conprises a hierarchical cascade of the nmultivariate analysis of step (b).
1 42 The met hod &) cl aromiding wipdurelity of ldatasets forvameioa ore hmlogs¢ad sofipls tyes (b) ,

' n _between one of

Theone or o e SGORE pRahrbay R SR aBRDRER of -t ne

plugality of dat gb)set eval@hitthgdhb bREGRY ofBdth batatvitBlaenulfivaiat Msdysis tb 5. The
nmet hod of claim 2, wherein the nultivariate analysis to determ ne a

cor?el at i on deteBing@an obmeTvIett ofcdiffpreness baivesn sha Rluplityiefdats wices and at
'e?§t. a portion g‘f'? th?le hﬂfn%é&%rre%at?&cn b%%@eﬂ%%g%f ﬁf%.rg?lre:'o??r?or@geté pst one of
princi pal conponefit analysi's,® discri m nant anal'ysi's, principal conponent
analysi s w tdiffetersoes hid maedst apattioni of thecglmalityosfldatosetsehad | on, 5 ker nel
princi pal conponent anal ysi.s, non:linear prjncipal .cqonponent analysjs,
factor 6 analysi$d) nuldevdpriaaairsrir f%r@a%tqtﬁe,thsﬂ%ﬁegla%tswel& peflanssaidy 6, The
met jod of clgjBldonWherein the nultivariate analysis of step (b) conprises
a 2 hierarchical cascade of two or nore nultivariate anal yses. -23 WO
03/017177 PCT/ US02/ 25734 1 7. The nmethod of claim1, wherein the

mul 1i var i at dhamadtlesi of addimsk, eyhefdih sep fproospsisetusingzsmultiragate andlyps fonci pal

conponent a sis, discr.imnant analysis rinci pal conponent nal ysi s
wURr cr i REiERinR R e G bR PBaPY &5 Ppe PLnP s R P ERERER nd ppat &
conponent Qmﬁﬁ@kﬁ3ﬁ§thwmybf@@@gﬂ@rincipal conponent anal ysis, factor

anal ysis, nultidinmensional 5 scaling, and cluster analysis. 1 8. The nethod
of claim1, wherein the data sets conprise ne%i;tenents froma single 2

spektranetr i Thempethad of rdainy2, gvherei thegnplgyargite anahyss to delgmmins 4 rorsitight a set s
conpri se Meagur eARAL §f fHe ARk LMoL sdiPsifferences and at least a portion of the plurality

3 of data sets comprises a hierarchical cascade of the multivariate analysis of step (b).

1 4. The method of claim 2, wherein the multivariate analysis of step (b), and the

2 multivariate analysis to determine a correlation between one of the one or more sets of
3 differences and at least a portion of the plurality of data sets, are different multivariate
4 analyses.

1 5. The method of claim 2, wherein the multivariate analysis to determine a correlation

2 between one of the one or more sets of differences and at least a portion of the plurality
3 of data sets comprises at least one of principal component analysis, discriminant

4 analysis, principal component analysis with discriminant analysis, canonical correlation,
5 kernel principal component analysis, non-linear principal component analysis, factor

6 analysis, multidimensional scaling, and cluster analysis.

1 6. The method of claim 1, wherein the multivariate analysis of step (b) comprises a

2 hierarchical cascade of two or more multivariate analyses.
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2 spectronetric techniques. 1 10. The nethod of claim11, wherein the
spectronetric technique conprises at |east one of 2 |liquid chromatography,
gas chromxpegoaphy, hi gh performance |iquid chromat ogr apheCT/Bowasd | ary

el ectrophoresis, mass spectronmetry, |iquid chromatography-nass

spedt r airet r yThe fhetBiasd of Hlnipi bl wikréip e MAERaf e ahdlQae b dtep (H) $BmPEEdsQl MRABCe

i qui d chromat ogr aphy-nmass 5 spectronetry, capillary el ectrophoresis-nass
speét r onet r yone R pringpplomnengenalysis, diaswhinsm analpds mrivepel omponent  The

met hod of cl. a0k, v My .0 r I I e it nprise
2t 021 cnst SRl S o A bR Rl AG ebnel H Ba SUREBR BRI
bild acid, saalys, n&-Bysaoyiiadipdllcamgongit aealsdis, ffhatorcinalysisi mattidiimensidnai d,
peri.toneal fluj.d, fgces, nasal fluid, ocular 4 fluid, intracellular fluid,
i nt &rcel | ul asrcafﬁl?gjiaa, Cliuf/tﬁb?fl YS4¥ d, and urine. 1 12. The nmethod of claim1,
wherein the one or nore biological sanple types conprise at 2 |east one of
liver cglls, TiepheMel bfdlaee! | WherRdRE ORA sdtb cHiBhis® mdakaieB¥nE FdnFa sRERSt at e
cells, 3 blood cells, lung cells, brain cells, skin cells, adipose cells,
tunBr cel | s,spagidometpetacinique.cel |s. 1 13. The nethod of claim 1, wherein the
one or nore biological sanple types conprise 2 sanples taken at different

or o1 & conpt anarg? RPARE Fferdh g 8 T4 Bl soullePotpss M Bifonifee

met Bod of clspeardmetfictdcheitjuesonpri sing the step of conparing the profile to
a 2 database of profiles. 1 16. The nethod of claim1, wherein step (b)

i | uat | , | it f dat ets. 2 f di.fferences arisin
rom spdet r of Preomeb it hekers bl asto B bpioue BimPitcy SPSORe OLf or
t hepdat a setisqfd chidBafiprdpRy Soal RELIE OB EHHYS hféﬁ%’é%ﬁ‘ﬁ@ﬂé Jih@i;amm&iﬂa%graﬁh%?-

The method of claim 1, 'wherein the state of the biological systentconprises
a diBsease XapillarpeledtropBoreyisemasstsheeirasfeteyt Hiwid throwkegsaphyt hessspetteonadiry, he

bi ol,0gi cal system ¢ ri.ses_a response ,2.tq har macql ogi cal agent. 1 19.
The ‘ot hod oF GRS "R aR BT AP TR TaT s BEbPerRatet PRuR o omariomint  ses
a r@sponse spetteordtryl, egsillar9REchbpla@esis-2Avd spete®ndtry, andingdléL Ssagnetic

6 resonance spectrometry.

1 11.  The method of claim 1, wherein the one or more biological sample types comprise at

2 least one of blood, blood plasma, blood serum, cerebrospinal fluid, bile acid, saliva,

3 synovial fluid, plueral fluid, pericardial fluid, peritoneal fluid, feces, nasal fluid, ocular
4 fluid, intracellular fluid, intercellular fluid, lymph fluid, and urine.

12. The method of claim 1, wherein the one or more biological sample types comprise 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

W e

cells.

1 13.  The method of claim 1, wherein the one or more biological sample types comprise

samples taken at different times for the same organism.

1 14.  The method of claim 1, wherein the profile comprises a biomarker.
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1 20. An article of manufacture having a conputer-readable nmediumw th

conputer-readable 2 instructions enbodied thereon for performng the

nmet hod ofwoloaiomi12z 1 21. A nethod of profiling a biol ogi cRCTA3se2/23784

conprising the steps of 2 (a) providing a plurality of data sets for one or

rmr @ bidl. ogi Tiad msop beclbiyp &sfurtBercompiisiigite speof comRiinschamasiy tenent s of
rrﬁl es of a_biologjcal, system 4 (b) evaluating the plurality of data sets

a mul tidaighase e Rlleysis to 5 determine one or nore sets of

dlfferences bet ween data sets; 6 (c) selecting one or nore of the one or

nor g Sefs ofrigl hE@HEBESTin Prwhdttihh (b cHRSKS bialudink Ble SUANALE e Wi N 2

mul tivariate analysis at | east a portion dat a“set

di f 2er ences far difenepces mr@o@@tnrspme(tnmamwmm techeighe bapad on BOua By

veadur enent. EHERAQREH B SuPErBrnareo e R e PR e

correl ation between at |east a portion of the plurality of 13 data sets
and 1t hel7sel eTheefe®De 0Ol ewisatis thd staliefolf Eeeiglegichlystehtcongries £disdakea

sets; and 14 (g) developing a profile for a state of the biological system
bas@d on sai¥te15 correlation. -25 WD 03/017177 PCT/US02/ 25734 1 22. The
nmet hod of claim 21 wherein the evaluating with a nmultivariate anal ysis of
step ( 2 : . re
poct  ont 11 T BE6d of afi LK ERREOAIRBIGCERRoREmyRlsc] Aftefint®
wheiZei n st epto(adphacoaiogs@bagentrul ti bl ock anal ysis. 1 24. The nmethod of claim
21, wherein the nultivariate analysis of step (d) corrprises a 2

hi | de of t ul t | 25. The net hod
o a1 W 51, THPEP of Hattht PhoRits B antfdoGe ARt Smtishios oSl
least 2 oneioaf 1¢asi HeioBake, GAVIRSMENL, @dakysl s, di scriminant anal ysis,

princi pal conponent 3 analysis wt h di scrimnant anal ysi s, canoni cal
correl ation, kernel f;)rl nci pal _conponent 4 analysis, non- | i near prl nCj paI

conponedft anAn paicke ofraaniictys éwgg & copppier-aradails msdRIm BitheaMPYET-TeRda
Cl ust er anal ysi-giohs gxﬁbocﬁ&ﬁth@f%%ﬂ?a ﬁéfrfo?xlnﬁig%g&mth\@ﬁ%'f@faﬂnsit ep (f) conprises

using a mul t1variate ana

1 21 A method of profiling a biological system comprising the steps of:
2 (a) providing a plurality of data sets for one or more biological sample types
3 comprising spectrometric measurements of samples of a biological system;
4 (b) evaluating the plurality of data sets with a multivariate analysis to
5 determine one or more sets of differences between data sets;
6 (c) selecting one or more of the one or more sets of differences for further
7 analysis;
8 (d)  evaluating with a multivariate analysis at least a portion of the data sets
9 for differences arising from spectrometric measurement technique;
10 (e) selecting only data sets provided by one or more select spectrometric
11 measurement techniques for further analysis;
12 ® determining a correlation between at least a portion of the plurality of
13 data sets and the selected one or more sets of differences for the selected data sets; and
14 (g)  developing a profile for a state of the biological system based on said
15 correlation.

-25-



2 determne a correlation between at |east a portion of the plurality of
data sets and the 3 selected one or nore sets of differences for the

sel ect ed watoa/osars. 1 27. The nethod of claim 26, wherei nPCh@SNuRI7Baari at e
analysis to determine a correlation 2 between at |east a portion of the

plutal iRy ofTidahehsébsclaind2l hbel tetegduaiig with Aafiu@tiwehe andlysis ofisfehegences
for the selected data sets conprises a hierarchical cascade, of the 4

mul &i vari at 3 Saedyaiaughitydagipr fogyhe data gets qfavoRs e spRCtremsitin DeasulgRegni n

t hegmul tivargalg ,%g_al ysis of step (d), and the 2 nmultivariate analysis to
detérmne a correl ation between at |east a portion of the 3 plurality of
data sets and the selected one or nore sets of differences for the selected
4 dat a Bet s, Thermettipd peeleim 2 hwheicvnstém(d camatigesesnullibpek afdygsisret hod of claim
26, wherein the nultivariate analysis to determne a correlation 2 between

at lLeasy, a rtio f tqh ur.al i. of ta.sets and. the sel ect.ed one or
ror 8 oetts ™ s ed b U BL bR O fiRhn® Shd U LIS RIS T st
one2of pri ndiigatchiahpaosiRiof dvabainpsd multiiafiskeiadhlfgnt anal ysis, principal
conponent analysis with discrimnant analysis, -26 WO 03/017177

PCT/ US02/ 25734 5 cangni cal correl ation, kernel principal conpanent
anallysi%®®; noMamedaf opslpige? hayheseip gFFp‘BH@P{f‘“ﬁﬁéP%}‘éﬁl%‘?f erid) FornREssp af loast

mul bi di nensi er 3; VS TRRCTA of claim
T R

spedt r onet r i amatysishwitlgdiecrindingdt. anglysisnesinhoidalaforrelatipm k2fnel whscipalreontpeneldt a
set§r conpri se freasur e nts.fromtw or 2 m)r& ect ometr'hc.techni ues. 1
32. “The met HHEDSH RS Brin G COMROPHY A0 REE-TaGHR: FRE S PHHIAMEINDr i ses
at keast onescgfing And tRisteHafalyspyrat ogr aphy, gas chromat ogr aphy, high
performance |iquid chromat ography, 3 capillary electrophoresis, mass
spectronetry, liquid chromatography-mass spectronetry, 4 gas o

chr dmatZ®gr aphie-mebed spelein dhevirayein KiegH Disersiseresing 4 myliivariate analysis to

chr gmat ogr aphy:- t r i1 IS

peatr onot 1 RS col GRREHCAIRNK oo BB ork B ¥ L BEAARD OPLEA B PBTEhg

met Bod of clselattedlonewheroed setd hiadiffairenoss fopthe sleabddate adts.sanpl e types
conprise at 2 l|least one of blood, blood plasnma, blood serum cerebrospinal

S o SRR o LS

2 between at least a portion of the plurality of data sets and the selected one or more sets
3 of differences for the selected data sets comprises a hierarchical cascade of the

4 multivariate analysis of step (d).

1 28 The method of claim 26, wherein the multivariate analysis of step (d), and the

2 multivariate analysis to determine a correlation between at least a portion of the

3 plurality of data sets and the selected one or more sets of differences for the selected

4 data sets, are different multivariate analyses.

1 29 The method of claim 26, wherein the multivariate analysis to determine a correlation
2 between at least a portion of the plurality of data sets and the selected one or more sets
3 of differences for the selected data sets comprises at least one of principal component
4 analysis, discriminant analysis, principal component analysis with discriminant analysis,
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4 fluid, intracellular fluid, intercellular fluid, lynph fluid, and urine.
1 34. The nethod of claim2l, wherein the one or nore biol ogical sanple
types conwoios@1Ar7 2 | east one of liver cells, epithelial Pceise2/25734
endot helial cells, kidney cells, prostate cells, 3 blood cells, lung cells,
br ai5n cel | s, canknioaloelkchtiondicpes prlﬁﬁbhl&pntpumi’c afdtydi§ noachemprirRipal 4 cells.
The rrethod of clalm 1, wherein the one or npre biological sanple
typ S conpr | SEPopeRARaIvEs SiopAn 1’51%???1%418}?{151?1?%%31%&@%“ rfBalypi§ani sm 1
36. The nethod of clai m21 wherein the profile conprises a biomarker. 1
37. 1Thesgret hpg @bk 8F shidd 1 f\kﬁetrélﬁrthé:@a[m%@écfh%)ﬂs@?ne%&%@m@ﬁ ts GEOIPALIPR the
profile to a 2 database of profl es. -27 (017177 PCT/USO2/ 25734 1 38.
The 2met hod ofpeefrerneirio fechpigae.ei n st ep (b) conprises evaluating the plurality
of data sets 2 for differences arisi ng from spectronetri c neasurenent

spoctr oot ri el ofRnl oY, ool P! WnBL BraBliSuPlia iR T e e

t he2st at e ofmblesspbitminggiicbhisiyadsem conpri ses a di sease 2 state. 1 40. The
met hod of cI aim 21, wherein the state of the biological systemconprises a

whelol 2t ne eaehit of fey Baara Al per Gt rages Qgrﬁﬁri%éﬁlg@sr?@%% of at
| eagt one of;AGE chiefMidg %ﬁ?néas cBRFnaRS Qﬁfy hljghga%rforgigaaﬂ%}l gﬁ h?Jm&E@ld{)ﬁft ure

havi ng a conputer - readab e’ medi um w t conput I nstr i'éns
enbddi ed t heqa@dhljf dﬁctmlbmsm mgSStSmectrmmdmd ligiid chminmt@taphly-#3ss spectyshearm, f or

prof,iling a bio stemco a spectr rretrlcmstrurrent
atted to grpo PRtk SR SRt Biep petGindbs? B GRRReA a el b
sanpl e typesspettb@ndtyycalilldry etdciropiciesi ChsS@RPHIBHAL aBPREIERTRIdNEG: 4

measur enents of sanples of a biological system and 5 (b) a data processing

devce in cORPANNEBIPESHPIFINR t he spectronmetric 6 instrunent, wherein the
data processing device conprises |ogic adapted to 7 (i) eval uate the

pl ugal iy Ole%"ﬁi h8& b el tﬁ'l %vﬁ&’élh'tﬂea(gqeaotr%? ??)io%cféi%l %eﬂnglg t}%)eets%om f& 4ne or

nore sets of er ences bet'ween th ura
2 least one of blood, blood plasma, blood serum, cerebrospinal fluid, bile acid, saliva,
3 synovial fluid, plueral fluid, pericardial fluid, peritoneal fluid, feces, nasal fluid, ocular
4 fluid, intracellular fluid, intercellular fluid, lymph fluid, and urine.
1 34,  The method of claim 21, wherein the one or more biological sample types comprise at
2 least one of liver cells, epithelial cells, endothelial cells, kidney cells, prostate cells,
3 blood cells, lung cells, brain cells, skin cells, adipose cells, tumor cells, and mammary
4 cells.
1 35. The method of claim 21, wherein the one or more biological sample types comprise

samples taken at different times for the same organism.
1 36.  Themethod of claim 21, wherein the profile comprises a biomarker.

1 37.  Themethod of claim 21, further comprising the step of comparing the profile to a
2 database of profiles. ‘
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9 (ii) determne with a nmultivariate analysis a correlation between one 10
of the one or nore sets of differences and at | east a portion of the

pl uralitywofo3/o17tata sets; and 12 (iii) generate infornaPCarushyes734
developing a profile for a state of the 13 biological system based on said
cor rlel &t8. on. THe #@éthod béclains 2 Erwlndreia lstepr(b Adhmpitves eiatuating tisssltvatity off dakesets

conpri ses an.e rnal database 2 accessible by the data_  processing device.
2 gB for )égf?erences ansting tarlom spectrometric measmen¥ent technique beFt)sed on a quality

3 factor for the data sets of two or more spectrometric measurement techniques.
1 39 The method of claim 21, wherein the state of the biological system comprises a disease
2 state.
1 40.  The method of claim 21, wherein the state of the biological system comprises a response
2 to a pharmacological agent.
1 41. The method of claim 21, wherein the state of the biological system comprises a response
2 to at least one of age, environment, and stress.

42. An article of manufacture having a computer-readable medium with computer-readable
2 instructions embodied thereon for performing the method of claim 21.
1 43. A system for profiling a biological system comprising:

2 (a) a spectrometric instrument adapted to provide a plurality of data sets for
3 one or more biological sample types, the plurality of data sets comprising spectrometric
4 measurements of samples of a biological system; and

5 (b) a data processing device in communication with the spectrometric

) instrument, wherein the data processing device comprises logic adapted to

7 6] evaluate the plurality of data sets with a multivariate analysis to

8 determine one or more sets of differences between the plurality of data sets;

9 (i)  determine with a multivariate analysis a correlation between one
10 of the one or more sets of differences and at least a portion of the plurality of
11 data sets; and
12 (iif)  generate information for developing a profile for a state of the
13 biological system based on said correlation.

44. The system of claim 43, wherein the system further comprises an external database

2 accessible by the data processing device.



