10

15

20

25

WO 2005/ 026911 PCT/ US2004/ 029639 APPARATUS AND METHOD

FOR | DENTI FYI NG THERAPEUTI C TARGETS USI NG A COMPUTER
WOROSOROES- REFERENCE TO RELATED APPLI CATI ONS THGTUS2004/029639
application clains the benefit of U S. Provisiona

502,333, filed on Se tenber.'
Ag%égg@t 68,430 @Tﬁﬁ?%ﬂiﬂolt IDENTIFYING THERAREURIC TARGETS
its entirety. 5 K.M@fﬂ Ion of the
di scl osure of the patent docunent contains materi al

that is subject to copyright protection. The

copyri ght owner has no :%éectlon to the facs

reproduct i on bYROSAYRIFEE

imle

NEET GREEATEDOARPIIGATIONSI t
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relates to identifying therapeutic targets.
BRI opment can be roughly divided into four

di scovery, pre-clinical 15 testing, clinica

and regul atory approval. As part of the disc

| 6@/5@1]3353 Vet rOSpeembeBACKIBRS MR ch Td'l%réﬁyﬁﬁ&ﬁ‘boﬂaféﬁ%@tré@fbnce in its

stages
testi ng,
overy

stage, a biological CcORPYRIGEMNOACHe i dentified as

nodul at ed t

i sods ERBGF P ARt v Bl Bpg s Gotyes

0 trea
Patpmal at 1s subject to

capygphtfpretactiono bﬁkaﬁbﬁigm otvier e e lobRIrBE todthe %Wmlﬁrrla‘&%ducnon by

PreV|$us attenpts for jdentifying therapeuti
ayBHeP

Rbrat, GRTb GRS REGYES rot
rtechnlqueg can correI¥$gh§ﬁgﬁ£gﬂw§ﬁ§%gﬁg an
expression data with a di sease, such techniq

of ten incapabl e of independently and directl
i dentifying causal reIat %%Qggﬁ ot her
changes caused by a. disease ‘cannot be

c tar

He BalER dPcumerfapsit ARRcRIFdl theRateps | Tge@nmmk&%@q patent file or

eom c
d protein
ues are

y
wor ds,

- di stThegueshevéntomrelats gerlehtifyineaherapeiib eargéis case.
e uch tech ue n cannot predict how
char i deyAaRgR S by FBbvS6 Bp st shurs: dasereirecslnical
te@t[rﬁg CIsH@ testing a8 YaRldidtylapfrodhle h Gk of tﬂer Eéo%ﬁgﬁstaﬁe a biological

les, may affect or be affected by |oIo
CW@@%“&%E’@%@@ as@ thesapetic éﬁfﬁ@tsihﬂ@ﬁn bd mwillfa}adrtg treat a disease.

Ctuli]&ﬁ Eﬂs‘&ovetr?l %é }?l'{)(lﬁleé/ a 8%&5'&2 t o%stacle%cla %‘S qa Hel?%ent of new

rese er t y caus At ORS
dm@ﬂhophy5|ology of a disease and to generate

a

hyp hesi s ol ogi cal constituents that can

Giipes wSPE Or BtpRbie HrGaet She wompvmapeb ardnderived
sﬁ@%éhbxﬁlctdﬂﬁ }if@&@tﬁfcctbcﬁfnlc}t@s Wiiie %@@ﬁ%@g& iaroteomlc techni ues can
PCI/ US2004/ 029639 = acquire and synthesize vast anou

copelatpghangasdn gene 96 PrUgngareasion date avith-siscase,

such techmques are

often incapable of independently and directly identifying causal relationships. In other

words, changes caused by a disease often cannot be distinguished from changes that cause

the disease. Moreover, such techniques often cannot predict how changes in gene and protein

| expression data, which are usually observed in isolated cells or tissue samples, may affect or

be affected by a biological system as a whole. - Other attempts for identifying therapeutic

targets rely on the ability of a researcher to identify causal relationships in the

pathophysiology of a disease and to generate a hypothesis regardmg biological constituents

that can be modulated to treat the disease. Such attempts often require the researcher to
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The costs required to successfully bring new drugs to
mar ket are -enormous and continue to rise. The large
nunbers of drugs that fail during pre-clinical and
clinical testing are a significant contribution to
wd hveseeensts. I n particular, about 53 percent pof/usioung®veso
fail 5 during Phase Il of clinical trials. A
acqusme gnd Symhmzemastmnmmm of dita hhé san beatietlioneadamiraeable r om
a sult of . pursuin
| nabs S RS Ruluh B gt «BE it ere spoppons and
continie t@ASUITHR larg8 h@Rbere 3Ndigs Baf RELRENS YrelIRXdAE S Edinical testing
mw de effects associated with a conpl ex network

t
are s enfiEinG GIEHPUSRGe Bieseeostn A6 pawBlen Bow dAmarcent of s
dunﬁ@lﬂ%ls@ OPEinfcR rigs QAP i fg}np h%%hﬁ%h oF fANAZNEL %fise? om lack of -

regu atory feedback contr ani sns can reac

| efﬁoam @(m!lealﬂt dftpursvirey neppropiage thempewticitggetsn’ Tlm qwaﬂﬁyi b®ltherapeutic

timate f re of the

.targ% rc ge %g?c‘f ler,g%}ée'ic? Ségfm-\ﬁ]ge EHJF(ﬁf’ sspeigte f”l & complex netwqu _ |
_ ofbﬁugmnpﬁoeénaéd that uRAEHIE hemha Bk d 168 . tFRe Bﬂd:&&l@%lé}lag,cge ' '

d |n he drug developnent rocess. Conputer nodel s

redup Feehiatpr feedbask canEpipnechaniame pangesrt fmmpleeular

078,73 ‘Paterson e

1nte1vaAtio‘ﬂWﬁ‘331 drid ln'tﬁ@iﬂe%ﬁ wa??ﬁx?f éﬁ& gﬁlbg{ett% H%Lé Lﬁbmcl?%g%pure of the

'drugsdtmg m@hnmamxdsdmxcektemng, U. S. Patent No. 6,051, 029;

TS G el ot 2R o e
procBat €vimphieer mddeBQEnR Bé.&i‘fuﬁd aK fei exdmple, Bles&‘lbé?ﬁihﬂﬂé fdﬁ@wmg

5, 657, 255; Pat al PCT_Publ i cation
publiafions faeisph el Db, Bpiea No. G, 1% Prieso ehAadb) S-gsent No.

l[lé?
00/65523: and Defranoux et ubl i 2%1 h%Pa%No

5,9383 P gMAERmE abolhSu Patentsy él9s14&91p5mk ret;au BkS. kﬂamnoljpc al

=

s, 808 »?ﬁ qfl“gllg &£, ges %ﬂeﬂﬁq? Iéks%%sf 9&%‘3{5‘41 8% Per Pu%ig’cr a{%g? S@dwo

pat ent appliéati‘ons
99/ 2%@3 il?@@rsan ¢t Ap paTdRubbicdtion NoCIVQ Lﬂ)éﬁ?ﬂ%h dEinklogy @fal. AFCT

pub R NS o2 SRRk el 0o BE A RtaRE R W g r70s.
Pulibinpatet piodéle ofﬁé)ﬂ&ﬂéﬂﬁ(ﬂgécalﬁiﬁetgﬂm@ E/x&?iﬁ%b(‘i‘jl_bé% nﬂﬁh@ following co- -

Def ranoux et _al., entit
Omifgiﬁiﬁczs’r% dng pateghanpliestions dalky s al- {P@'ﬂﬁed] ‘G¥ipthod ang &pparatus for

» yfr kal
e e .
10/180:938, {ﬂ@kprdmng\@&@OOQ@U S280Blicatian dPubliGazibmNo. 20038104475,

pubifkd ) Bt 0 DARBORE R MRl TR g thq%%fér”@orﬁpﬁter

Modelingeal Joint; J[aJSuApyhc&noﬁS&?ai NJ. $0/14ppb3, ddd HIVBY DD | mtzl

Aorygio BB o o B30 Bl i GFORSY i P .
entitRY &Mt deng APPHafils fﬂm&hﬁﬁlt&f MGH&lng%lﬁl?ét soM3 tseﬁ l?r;a'ﬁon Serial

avai |l abl e i ncludi ng Ente hma Physi ol

No. 14/040:+8, ﬁ@ﬁp@ﬂg@{a@) 9 I@@aﬂélsl éﬂppmﬂ]@nd?ub]b(atl)m Dps DeI36058245,
publisRA o fth®9, Astspoci rte CytoLab(r) systens.
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Conput er nodel s can be validated. Exanples of

techniques for validation are 5 described in the

follow ng publication, "Apparatus and Method for
Wfélz?"dé???‘)ab a Computer .Model", U.S. Appli catiRfn/US2004/629639

Serial No.. 10/151 581, filed on Nay 16, 2002 (U.S. |
App IanE‘HP?ISHﬁY Pﬁﬂfapléacf’f”é’ﬁtef\ﬁ%o‘iﬁg @ggli’é"ﬁ@eﬁé Syt 276 Auailably

' indPRARFBAI0kY A BB DhysPUMMPR Sterhd) EFRNRP %)Ietaﬂ(fl‘i_sﬁ%tyfifoLla%@ systems,

aspect . the invention feat'ures a method of identifying

®

-and Entelosapedipgayte Gyiokaly goystems. a bi ol ogi cal system The

Medalh

met hod i ncl udes recei Vi a .conput er del of a.. .

b1 oGl SR B8 i ik SRR BF BB e s P ere
desibed ipthe eiksAag belicatien) “npgaratup kid Metiod foPValidating a Computer

bioI%gical processes_and operabl e to nodel one or nore

LG8 AprltcaBerleriab Ngc ] Ut 25 filed ongMpw 4 200R 41.S. Application

PullliSRRANG LAbR 1076, PRIIACH b Plebisdfny 1 §ORIoYj.Ng user |

I nput identifying ohe or nore bloroglcar processes of

the plurality of biological processes, the one or nore

bi ol ogi cal 15 processes bePUMMAKanhtified as being

assqQgi i nor, Linical .outcones. The .

oo 5T, M e, A0SR EhSfloa 0 0 TBpeui
targesofa@rbisiogiealsystame (Tae sndthivdtiheludarpedieng a gomphtef ModORE a

iR SURE: P P Bl PG PE AR DD AL SUdeL eSS g Biae o pluralty

of GRIBHES proveskel antbdpRehbld¥® riaudi bhesh ReeRMBICAT Sutd dMesal®ciated with

one or nore nodel processes to produce output val ues

2 protilardisearstase. Hasriaethpd imchisles Rocivingaserssput Tientifying ouk or more
. bi(%lg%ié%l%goéegs%ls %lﬁx%gg\gﬁg&'ooﬂg%igﬁ S'{O%Ess@-td% JH%dolrfngoerg Pi_ologiCal

rocesses p grapeutic targe
prédyses beige ddentifiaphscebny aboodaisd ojth tiecorerv emdre olinical uttdmes. The

ope, or _nor f the.followng .features. Identifying
melfion Brbipelu iR ing, SOSLEYE RS BT HRIBOTRRATE A I the computer

‘mddel ¥ilonk bf AbFEhbAIN procedsad @frdspodditey ©BUhPste ofhte $dendh&d

 bigiggicalgirersasep ABY THERING

met hod of identifyjn%ba-therapeutic_target can further '
heoeRterUmodeh peiag thegnedifiedipasaragiprs for the
fre fnBlicl 1%BrodRle Sufih Vi ini
LRt e i
outqeoiesd & he rgthiodifuthes scindep istentifyiing ontehne magye utodifiedanayiet processes as
for .u as_a. therapeutic target for treating the :
aQﬂ??glﬁ‘z@e?P%ﬁléngthcl udi ng. Exam ni ng each potenti al
t herapatiapeous ahglementatonstfihe@verioniindlade Eelis @fiore of the following
identified. biological caonstituent operable to nodif )
Lg%rmatlon

feafuregn Ieptifyingsong ob ProEOes Prosestcs san inghide prqviding glter

. ! _ i .
| reRRMSH eRutdub S4188E l’!fjﬂg Fnétﬁ&cgﬁtldeﬁtﬁ?ﬁé Y adintt _td.rgﬁté%ne further

I ncorporating a no constitue representin

indlinde prgiidilg thoewpittvalugs a$ mgraphicel g dorshe omieri mork clihigal

R P T S, GoRAE oA O R

potdn€ialotherapeutic nardetl foruse @s & AieBamatio tirgdt €6t traatihf tHelisetdastate,

. qr _nore cljnical outcones, and nodeling the effect of . .

inglpding, Exaspinipg cachppiential Betmpeutcterast eandnelydegleceiying pgigen identified

bi&l@?i%ﬁl' doH§iMen® BﬁaérBﬁe RNBolity MBR6H b BRlogNAl FRRES idehified as a
method can include validating the effect of the

potsintiploiherapgutic $aTEEt TeCRIMING dertiput drrerenrating amodel constituent

representing the biological constituent into the computer model of the biological system,



10

15

20

25

30

- fupefions gf thgfone GhEAoF

‘5 clinical outcones.using biological assays. In
.general, in one aspect, the invention features a
met hod of |dentifying a therapeutic target of a

Whabesy system The nethod includes recei Vi /52004029639
u?er |éent|f|cat|on of a biological constitu F§h

moReEie G fe& of tIROhB8H] icahstilRel PBYhE or ndfedfbddl PFocesses associated
treating a particul ar disease state. The nethod

thhwtbe onkeer m@r@eahmcﬁgoqumpmdemomé thegyifest ¢fithe ops eranore model

assSocCl opera

'pro LS n%f CQE%J wgl@gno%eﬂ%qn%édérﬂld e driHAGE! 'cﬂﬁéalcquicomes The

eto nD one or nore I ni cal

..mahﬂd:@ﬁ&ﬁclumaamme wifedt oﬂthaamtloguzhlannsimmasn tist b ©r more

The nmet hod includes receiving a user input nodifying
cligical Qficomas s e RIPEIGHESHYS t he plurality of functions

af f Qﬁgg&-r;ﬁ}’mtdﬁ% aBiRt, AH 16 Fntiof FE:irkS 4 8thod DR Rl therapeutic
i ncl.udes using the conputer nodel to performa
targetriattiaipgigalsystems i The mathadiaclydes reseiving e usarpdsntifaation of a
feted 0 f
e L S T
st STied mtted wicllileoreei®ingridoenpukear mogial ofliiclopieal ®s@m including a
nodel ing the effect of the_ identified set of functions

pluRhaf é@p%tyn% HEOHREH BRY PP ISPP4e 8RE OO BRI B spes
asBRE Red it b gallncem GROBS staleN THE AR muﬂd&r}ec@sﬁg & fuser it

- 1nvention Teatures a nethod of identifyin

b diéringenst drenore fungdipnygf the plurlisy picfnctiaps taéfﬁ@tﬁfhb&the biological
cogxlft%tg%l ea‘ﬁé ?}eﬁlodmﬁuﬁﬂgﬁg tl{ k]fb%geg rr]ljécgil(éptto eJ %’foﬂ? a%ﬁlf‘s%wty analysis

rons of a bi ofPogic

| oihe bagbciabreyusdtons affbredit the tichdgenl constiicbasto 1dmmf3a [} Bﬂg:f

a _conputer nmodel ip the absence aof a nodific
sef ettt AFCHER e e Epic pgpomes and

mB¥ERYthd \Grdcher (B RutifEd SR thunbRsR ARl BS tHEfbbkealdofftituent on
of the set of functions to produce a second output.
th¥loee pEmprselipigal eieomesc| udes conparing the second

out pfﬂteeﬂ@ %p i Of Js £ tthQ Mvgﬁﬂonhigatln%g thﬁéﬂ}{ocf &qdentlfgno a therapeuhc

bi ologlca constituent as a therapeutic target
taggeenef :ablpldgmahmtehem adipmed statth@he methuidiinciudes adamnésnga set of

g oSS el o bRARGAL bl B yef o ncuaes

exedGltESoniiR& thddeYirithe G6EReH 62 B Atatiod of detet f)ﬁ/fuﬁctﬁﬁb o
of blologlcal processes .t hat contrlbute to
piodues d BScQupyt and grecyting thecowpyicpmodslhas % modification of the set

fuﬁ{:tﬁgls(f roRhQCESEERI difip@, THD ﬁﬁ‘ethogffuﬁﬂé ﬂ&ﬁde@ 48mparing the second

I'ol'ogi cal processes. - The nethod al so i ncl udes
ontgatrwitlf thie rﬁgsta)utpubtoagcmu’y thednelogicalaonstiyenies athegapgitiditarget.

the _30 se I ol oqgi cal and | en

et BrEe: it HEbaeies v BT SRR drwana pi b denpllifk =
tHekpeiticareef oft difoRgicaldysfetiiatal distasd statas s‘ﬁ@maﬂﬁd idhides akecuting a

| east one blologlcal process of the various

c@nmt@rgn@%ﬂ Opsds@efggégt Stimalogigtmseresies 14 FRITB to the ocourrence of
th%xcgs.“e?.%  stae on 2 t biok g{dﬁ%&%’:es‘s& i§ B SubsRPSARE Garus Biological

of functions to produce a
pfdcessts. dlitepnethahalseinebes dgntifiymg4 biglo2RalsopstEodnt associated with the

US2004/ 029639 del d
T bEPR8 200 SRR AR g s

ESSCRACHRABIRRY set ol RRcti@ishoghsodiated ath at Meaktugie bidlogia bidtgss of the
the second output with the first_ output to identify

vetiaus biglegien)ipEegesseon$he MEAE alse melydes exgruting @etcam@é&er model in the

absence of a modification of the set of functions to produce a first output and executing the
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In a further innovative aspect, the invention relates
. to a conputer-readable nmedium 5 In one enbodi nent,

t he comput er-readabl e medi um i ncludes code to define a
W@%‘h‘t"’g&“mdel of a biological systemin a diR&EE 00402963y

o AR St BEGETREE plfce asond oup. -
- Theimdtb@d fndhesiyslugen coiﬂ'p@nﬁ@ﬂ%l&e%ncf aaslaie thé‘ﬁl@t é\iﬁ)ﬁtl t6 Qdentlfy the

i ncl udes code to define a virtual stimulus.
b‘?)PS‘F%ﬂaﬂongttP‘?ﬁﬁlaﬂétW?@fﬁ’P‘é%ceW%ta modi fi cation of the set

of fiyng; g'es i ognnoﬁgt?vecﬁg&y LR ik ﬁtg Cllgﬁtép‘atg b %@n%ﬁ{grl-pegde{bﬁe medium.

i nclu to 10 gcute t uter no

‘Inabs embedlufent e opimpinteaireagitblamhadurh mnthded tede tadéfifiesd computer
‘m Cﬁ—ﬁgﬁ bi ? gode to execute thgl_ ut er npdel based
1! Ph PTG FAPYSETT T Yeeapesigheo dibe sompuermade! renmessne a st of

fuddi®nb BY £ Blolddicat @dhsﬁﬁeﬁt"ﬂf'ﬂ%‘lﬁﬁk%@cai Qsteal T}?eeco%ﬁteg’ Treadable
nore of the follow ng advantages. ~Potent

medip gseingledes &P@eeﬁosie Bh2 Betualieimilas. eﬁhwwag St;mnhutrmresents a

_ mémgggz%t%)ﬂ%f céa{](]n WG ions. e’h? tg'r—reatiab e mecﬁuéml}%rth T mcludes code to

entitying therap rgets assi s
excaneths momgut&r n@deltm) tHerabsdnce alf thbu&rtﬁhl SEAERS to FuliveadShrst output
ast hma, di tes esl ty, and rheunmatoid
o e BOe SOBBN P U] s VBB vef0rprige  second
oulh@l 0gi cal processes associated with clinical
outconmes far a particular disease state. A biol ogi cal
conskhetinieeation san kedppiamentpdde rpalizennt o igre Oéﬂfeefoﬂowglg advantages.

- PohdtiGt Qs Lﬁ%%&%b@%ﬁﬂ&%ﬁlﬁ@%&%ﬂp&%&?gnolaelo | ot%é:hcngitques The use

processe ogl oS es
of thentetlimqes 6dr 1dteribllfy]h@tjjlewbutﬁoﬂasgdtst au;a@tfs in Geveldpitlel drig@do treat
and ested u |n a co ter. mga of  the bi ol ogi cal
VagPt Fﬁasﬁi T 8? © tﬁmas Daies: RASKY.Anf Ehepfioid prthritis.
Therymhtel Rddell Aehdeldfrd ﬁl@nlbnyJ@lﬂgﬁ:@i pr¢écR6eR 288 8iafdll with clinical
~functions affects clinical outcomes for a particular

oufrioges £ 2 partigudar dyssese sisia LA biolpgigdl|corstitiopt is dddntiffipd as potentially
effedintd fu?&%@ lass %E{Edt\ﬂth]ecﬂg ﬁﬂﬁﬁﬁé&]ﬁo(z g?ég?]gﬂ ésgéé of st gEbiological

i dent I ng successfu erapeu S, and _
‘p?es‘mabr ﬁmpgfor@;fof stbupegical Cbnﬂtlltlhrmﬁ isvideritifisd aﬁ’cﬁtestec_l using a computer

sk u ets Asestlv S. 1S
7 BEBE RO S A PRI msgfl el B ebirgiar ethengny of e
1dénu<ﬁed @ncﬂ@g]cam pmeses @Tfuctionas hffeeth alinifdl 06ichR8s fob alpBRicular disease
xt of a disease state. Sensitivity analysis

stale.| BRGCOMBSE TQSE) G PHOTFE SHPBMSPBLVER to srkses isrehriility of

88 B SELAL St e, SRS r S o B vk

unppegpssiil tapetsonst i t uent on 30 one or nore functions

o9 At TR T U5 SRR o B

' .bld:lbgbﬂgir@mhs &erﬁlt'ticmlw fincebn ihhe GbhiekiCFla ddehdeQiRe O editivity

%1 cage tate. 2005/ 026911 PCT/ US2004/ 029639
ANFHYS dePv OEPB?H%%‘E%P %P&%h%ﬁ?%ﬁb@ agft asggrdated with the disease

- stakdIVE %ﬂnﬁﬂeﬁhﬁdé ¢ uk@ EJ 1'?10&61 tﬁ@ﬁf &%C&{Eﬂﬁf%'uﬁg bgﬁgé%aﬁ UBnstituent on

and the description below. feat'ures an
ong gyEmATEfagions asshelatel widn dissased $thich é*b@ncanlappanedﬁl céur fumther

m&cﬁf“thg %81%51118& eﬁ@crs Sﬁeblgloglca stn% qge &Jmca?gutcome of a disease

state.
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5 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 shows a
flow chart -of a method for identifying therapeutic
targets. FIG 2 shows an exanple of a diagramof a
portion of a conputer nodel representing cartilage

wo Bl ot abolismin a joint. FIGS. 3A and 3Bcshewobedysso
charts for two different virtual patients that can be
defrhedetaildér dne or mpresmdnidimerits ef tha inviniemarg attiferth n the

types. EFIG. 4 and F] G .5 show o uts based.on
accogyETIPE JTavy e iRl e eisirtgR peG. G SRR flypiaswy e
mveﬁﬁmlﬁﬁ&gm‘é"af)é}aréﬂ [retNthe dBscRipHbs tRS@awindt, eandfthdxlaifhs.

shows a flow chart of a nmethod for exam ning a

potential -therapeutic target FIGS. 7 and 8 show

out puts base ?ﬁﬁi; oM i anﬁj' | ogi cal
processes orqsél)[gF unc #‘tgﬁgégs(g%%t%e%xw t %i ol ogi cal

COIFSG| 1 shomts aGloROchaktoBS. m@hahfbr idnsfydvg thetdputonaigets.

out puts based on sensitjvit nal ysi s.of bi gl ogi cal )

pr SHGZ ROVGADESHERIF B CiaSE pER BTG PFA sty Hogel represening
carttethadik 8ltab&RRPin ofat. 11 shows out puts based on

conbi ned effects of CD99. FIG 12 shows a fl ow chart

of FiGRethee 31 shavdeasicha fog two diflerempiriiplpatignigdhat cgppe defined

FlG 1 : ed on sensitivity anal ysis of

to r?é?sf%tudgff%%@ﬁlfn%g#’%?@&?%ns af fected by bi ol ogi cal
c ongld. Wpad F1E 3Bshow dBipulsibashd v sesHivitly enaptipof varivas biglogical
on effects of p38. FlI qu 15 shows a flow chart for

progegses £iPgiRled VAL HBIL R P5Se et . FIG 16 shows a

- sysiigny Bhdvka ShvAEai6ofmeth6® iRk &hinsnpSd itentidbthletdgeutic target
ref erence nunbers and designations in the various
B)g;:gh}irocesses or

dr dWCRgE ad % shost @utpytix based PR sEHLItY Gnglgpsis o
fun }c%/s 1@%@%& Q@t%ﬁcﬁooi%l&éﬁ@n%%' PTI ON Definitions

oW Nng initions apply to sone of the S
el &GSt $ antbEshiowerdditional quipytis based on sensiivity analysis of biological

i npl ement ati ons of .the i.nvention...Th finitions
pro?ﬁn‘%sloﬁg\ﬁﬁ% BEC Ef’&a %oﬁo%cﬁ i Q@SH%F Igt?(ﬁp%he term

" bi FIGO @i Swscaipaits Hasehdn' contbinedeffeetsof [ on of a

bi ol ogi cal system A biol qgical. system can incl ude,

f o_rFI@g< afshews aﬂowawpgﬁaaeﬂ&g?&f T 1dgntiyg aAhTaRrUubF e s

SUCEYA$3 Showsukpubilakell h seRBitiftd afalysds of Vafidtepotantial functions

mul ti1-cellul ar "'organi sm such as an i ndividual human

affestadiborttiglogiealsonstistentp3&el | s of a multi-cellul ar

or. gﬁt@ I ndWs %ﬁl@lﬁ%lﬁg OO ol il dhs &feﬂ3|8,U| ar organi snms

10 'such 'as a uman patients ‘or the general
hunFIG. o6 phovet 4 fiow elsariafondtizhefying Hthetapgutedhrget.

FIG. 16 shows a system block diagram of a computer system.

Like reference numbers and designations in the various drawings indicate like

elements.
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system can al so include, for exanple, a nmulti-tissue
system such as the nervous system ' imune system or
onﬁJs%zQ)'lYascm ar system A biological consti tl*tel%szo?mz%w
that.1s part of a biological systemcan include. tor
exanpl e, an extra-perhu.ED PESCRIPIENt, a cel |l ul ar
constituent, an intra-cellular constituent, or a
combi nati on of them Exd2gfimi&ions bj ol ogi cal 15
Coﬂ%etéoil&}\%ﬂ%%‘ iREoHd oA 1 QLGLAS ffh
hor nones; eeFls; Oor%g s;os?l ssues; po@??%sﬁlggyod;@%%ﬁggdm
sometimpdanesitatmns of hams/entanh Cdlese iefinitdorgans/ likes/isibelrexpaded upon
h .m tochondria, nuclei, Golgi conplexes, |ysosones,
“"“®Bndopl asmi ¢ reticula, and ribosones; chemcally
I e teME “bidRIgRAIE RStitBotE NreBSrs it & pSHIRA 0% bliSsical tidtem. A
__citric acid; protein albumn;, and conbi nations of
biologigahsystem qandn¢ledenforferarenle.can individual edlle p coldastiom oficells such as a
11 Rle@loQ SHEAARY j- Lnteractiaqn.,.of - i
T L@%%?‘?ﬁ?’ca const |1 ﬁéﬁittlgrw&gé{ﬂ%nﬁgu%lrase"rr%r%g&“é@g‘?lt}ﬁuﬁnﬁgpauem’
a subls¢t@if oglilsoe] a oolNistelltlaeogsistkaata pdputitiog o€ alultieslRildr oveanisms

of a biol.ogical systemcan inferact according.to sonme. .
such B & EE50P C4PUmAG RIS OB BUB RURAR] g ¢ 1gH A biological
systeRi @nQGMHoGAtIuES AsikhmB! Smafti-tifae Byl Fhddhals 18/ Sre8ls sfstem,

) bi ol ogi cal nmechani sm by which bi ol ogi cal constituents
IMmyne YFERS OWFAHO TR SYSRER- Adriolpaicaicomplipnt dhat ineriovie.
biolc@‘icg.] %Jst%gi |indB&D Abie hGiE ad &‘ﬁ%‘-c‘éﬁulaf QnsGeARPh Seindar

Biol ogi cal systems synthetic, regulatory, R
constitvemozt atracelldar aostimait, onetccobimtiofof thexa fxamplarf biological

constitue

g O TR TR T MR -

portibistdTSEIY, tiBéues) or 6fgan® REbARIWIaP 6Fpandlles @il dsinbifthohdHaOnidg,
other, a direct physical interactjon of the biological
Gdgb%‘?%EIF’f‘?ieh'F%stﬁﬁ epieplasads retichlay apd nibnsomes; chgmically reactive -

moleBh1gd Qﬂh‘i@k—l‘“?&%%ﬂd‘éﬁ 1%, BRAL @Eiﬁ%%&ﬁl?ﬂgﬁnﬁto aIrld combinations of

i ntermedi ate bi ol ogical 'events, or sone othe

thempechani sm I n sone instances, an interaction of one
bi.gl ogica St . ' nother can. include, far .
o RS b BAT NS Rkentl s BRI 680 ulef 5t S o dptteracion
of the bivosdgidall edristitmgntawidi breror nsore ddisiond) bidlbgitil comlingts. Each
.. Stimulation aof _a gr.oagucti on rate, a I&\éel , or an, .
biologica} GAnERrugHt of ALIAIPEiPA) GYSEm ce et gesrrding 1o sngag aplogipal
mechiBisg0RRh 8RO hore eddiSA Bibi 084 38nstihiitst TR bibloBlcatiyeRh. A
. state" refers to a condition associ-ated wth a
biologicg] HgshagismsBiswhish biolpgicaheonstigents datsractywith enegpiother can be
. rs i1 At ' t . ,
kool @EIEGVET S HidloBo ARSI AT ROCHR, B el 's Holgeicalsystems
synthietic] regilataty, dymtestaticFarchontodlatetgorkal Forexampte, afi imeraction of one

. . biological @ systemcan.interact according to so .
biologieg| GFuAPR BRSO g - SRR Ogmation of
one Hbi0kieal coaktitRém GRS SRR, 4 difecPhB)sRal Hdractitd b€ Me HSIoLRE

bloroglcal processes change relative to each other, a

constuenta,gndagdires micsactiop pE te biolagisy censtitvrnts medipted tygighal

) . iDiCAl _ ' i i cal . .
LS SUOLER W dEPERIZ A0, AL 80h0%heRLcs m rpyion
of oneréolagicdl lvenstituknt With bughaahn sichide, foarxample e gulfatiy modulation

oo AEHENsFpRAS Y Bt bt BB i AR on o procucn
rate, b MveBGEh bdtRity bF bhdhiolEicldoRbtitasRIbYnothesti d.  For
exanpl e, bi ol ogi cal
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10 states associated w th hypoglycenia and |

hypoi nsul i nem a are characterized by conditions of

| ow bl ood sugar and | ow bl ood insulin, respectively.

These conditions can be inposed experi mentally or can
wasoseaenient |y present in a particular bi ol ogpeflys2004/029639

system  As another exanple, a biological state of a

n eThemarm dhiolawidalistate” feders exanmiditjorcass@idéd with albliblmhcal Rystem.

neur o a condition in_which

In S"H’éd’i‘%ﬂ“‘i@% 1?]1"%‘5316????%%???6?? %B‘%r’é‘H{qnaa}SSO"éat‘?S’o‘ﬁ’&‘P f}}ed’ﬁmFFFme ofa
set oflGiogt ngfoﬁ@sséhedffa(lﬁolb ichIgly e 'Ecl@bﬁ)?d“i&l H1dB&d¥Iot b Blological
or a combination of them As a further exanpl e,
systepi esngpiietast aepopdiegtospmg biddo gied mieshami$m pytithoma on more additsonal
blolo%%glrﬁrgrg]ésggsgoﬁhgﬁgw caf S G&C%Sdt:ﬁ bboﬁ ?gaé?ngogf:fas\g?klbmﬁ%ﬁlatwe to
each atitir,a Woldical ite tipidalipatio chalgss. Abiclbgitiltatetypltalledepends on
[ gi,cl. tate of mati c joint can include
echamiymy % whigh B'Pi g3l Brpcgttes Rt piitqng appther. A
bloldgﬁ,fai SEERER ICIRR)] fof exa%ﬂol@ atl!oﬂlhﬁﬁl 62k netidhtr ‘l?leﬁnb&cdoﬁg(%tratlon
"di sease state," which refers to an abnor nal

in pl#ﬁaraﬁnﬁm%@ﬂ diuid, griraselbarifhuid @t wgrebrospibil dlush Farl exsxyglteebmloomal

state %g?ci% %Vlﬁltl‘%gﬁ?ée[lﬁlxg*l g%ﬂ%l%sﬁgﬁe 432%63 cglara\é\:'{erlzeél Qy conditions of

low lbibodl aupiac ahnd by\smeasﬂ mkuhrs eagpedtinsily 2 Thess coaditidhsSemst? itipaded
to a n assom ated with the occurrence

expegimegialy 7 ofb b QPG Bar b BEGSEEA AT B BGH SYTIER| Ao another

exanfl§ ta@)idlo Mgl até HEa ﬁeﬁltrorpéankihﬁh&g Y&Qelx EC@@&@%&J iAYvifich the
role in an 25 abnormal or har nf ect of a di sease

neurpryisiaheeshiagrpgfienin whish ghpneprogiis 6@9@ ats gcfioa petemtiplea condition in
whlcg%eex{léﬁ?&l Is '}Fle{xs(ﬁ{g ael)fe%%a?lsmﬁte? %lr Ia’coﬁl%;n%{@r?@f th;ré.‘mt 'Asssal'i%rther

' I -cel ar- organit sm or a
exanmi¢, thiiologicalistates of laga}hq:@ns of Ebaamph@aemfs cahi inelmde asbmtiten in which

a pers%ré%w?q\eng %‘n%} | 4 oovrcl,S ahst% st 2 rctoH%n{a? Lust arﬁeéta?nénf?ap.n a%d%%%ﬁg fion
betwefﬂ flkeglg Aalan@:hamgSQplet Bib&f?’ggca{&)ﬂatla Bfk BEE?&&&I: joant cah uﬁzhii'l%g
i nteractjons betwe i gl ogi cal constituents o
significant GrE éieg?%tfoérﬁnd?wp%@aloﬁ&fgﬁ%@ry&e %50l ogi cal
pr mﬁa%gfearhtate efBihcihe Q“(ﬁ%as@sr:tatg *”%ﬁ&i fefdrs &Oﬁﬁéanbm 83

drawn from sone aspect of bi ol ogi cal system
hmfolg@mﬁ@pnwﬁldﬁdweﬂwmblblqgfcal systera cA idisasselstatens dypitdlly associated

w1th*2m chJmcaﬂn ]9 eﬁ:f]{égt%tt% dls%h %lllg 9 Ibro %$1caﬁr YS(E Sieh ?ﬁc’so%ﬁaenmstances a

inc biochem ca
disegsabtatargfers BI aodotngltloa lassBcM@ed 20hThé e&xdtrknce of a set of biological

PCT/ U 004/ 029639 oce ses an. al sp i nclud for'
Pmcs%%sﬁﬁﬁs 101;9&1%&%‘{;3‘&%?( iologteabpropsse kB Pl R

abnoRfal & hath il BEBdt 0Ph dRess8 llJL the %Ec@&ﬂ@aﬂs SISHE A difease state can be
mul ti-cellular org]ganl sm Exanpl es of bi ol ogi cal

obseryed do.deseampie; 2 ggld apicssave priissak, ranhines)lslar arganisoh or a population

of mgﬁ%&ﬂfdia'f %};@hﬁmgr %l§ pﬂng\%ge%ﬁéjgt&}% H]%}udg %J)ljldﬂl(%hr alg%o%agéé with

chemc hway s es are
asthﬁlﬂ),d)ﬁh@tﬂsd@)esmy Ianﬂﬂreuﬁnaﬁndardtmrse or energy stores,

hem ¢ at S j,n. which protejns or cleic
o D Ee e Blol i al Bk Sssh el 1Ceh lePaapon ar & i Ob aHEmitiops between
bioldbidall WenkSituehts Wi b GIb1GH O] 8Ysfer®! InYefleGhGaRtel, & blﬁbgﬁh'lrp?&rés can
are synt hesi zed. .Bi ol ogi cal constituent s of stich

referyp @@h@ﬁbe@p gigalcRsiaenisirawe fom sbgre asReshpf @biolagigphesstem
tooeﬁl\ép‘\tlvﬁﬁta élgtvéfd}f( of {H‘r‘éi*é&{‘o% bet@g&s&xé @fo?og%a? EolshleRits. @’]cgoqcal

processes can include, for example, biochemical or molecular pathways. Biological
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speci es. 10 Bi ol ogi cal processés can al so include, for
exanpl e, signaling and control pathways. Biol ogica

constituents- of such pat hways include, -for ex I 3¢
WO 4P Yr i nter medi at e S|gnallng mol ecul es ggﬁdg??amn9o)

| process%s gzgneilﬁ I}Bﬁlﬁk' fot P}?&n‘qﬁ% gr o Qﬁﬁ{ bQr Q/Ethﬁx%tlﬁ dntact with an

casca usua rIZG t hese pat ways.

 enti@dnmsdry 6Ah tell opgmlhmwps,, or uhtgHcaulerf orgargsmgn Elwmgles of biological
I I t
ey B S e S 05l o

ceh élfe? | ¥idcREhies AR n@ﬁfﬂi&@n&fec@&%@ﬁﬂ[ﬂﬂp&b pfSvide®ellular
dification) of ‘pathway proteins. Binding of
stmctgreacbn emgrgmstceca,u bioshenisali nathwist ée whishipsoteing o1 gycleic acids are

f‘ff rrjag 1 gc} E?&P%n%czgfp%wf i w Ci’l??(gt Jﬂ%ﬂ' 'ilP(ﬁelc acid
pr@&@a{&é 8BS sitBesdidde IBlollogiwlrdoﬂmtuﬁftf eftduoh biookentiehll pattavays include,
events initiated by a signal trol ath S,. such
fop gxamme $BZYReSH §Mqt10ﬁ5temféilat?w T igfegpediate
qﬁS% cycles, .share sone simlarities with S|gnaI|ng 20
pat hways. Here, nultiple and often ongoing cell ular
ev erB®lomical mnpﬂ@cwml)al@oml@ﬁm deresgampler ggna q\ngtahd control pathways.

edb C K E\ﬁ-\e%’{so If \S/1ilcsh poazh%\?éy? xn%ll?%r Polfl :I) (S sz—gﬁﬂé fmtérﬁ)ledl ate

fliSig hﬁimmealas a@llrad rpﬁ&émopnmslpaungmsmumﬁ aohtrbmscades that
nctlonlng of control pathwa s ich ar i ! 1
usvely ehasepiesizoresE RPIVIRYT Jn gD W@rsngmglﬁg@ g fjignaling molecule

to a#ggé tor G ﬁﬂE@cﬁy BhuRditd £/un® Bt ﬂferﬁ@&ﬂat\,é%ldnﬁﬁ!n Rolkcules and can
ory ation). Qher control pathways can

| mdnecttlydaﬂpmchﬂm@*’td@zﬂf pbespheyidtion dommthertragdifiensionhefipathway

l evel SPH‘B&Bﬁ \9% %%J:;Hﬁmo%&%%%s ctagzn.ql&néyfctlgﬁi:eg of Qéllugaé proteins by, for

Focesses can
ﬂinﬂﬂél ra¢lectiey the Branschipgomal bdshanzﬂdr of a) celh T,]nﬁsb celbhl argnoteifs are often
hi-er ar chi cal é?q on- hi er er ar.chj

| _
R ERL ST AL LR AT BB RCf Eako fEPT L FaRTES oh o those
%ﬁ:{o"ﬂﬁﬁoatﬁg Bfhihd i Gcliir8icalot Bitl SfcldsedtteSsonfelieilirtits with signaling

["ogi cal constltuents 30 belonging to a particul ar
pa@weys dere.imuelepiscend witen opganHeihdar crams tre tgaparally coordinated, often

delnfo ?(%F:][,Lgcotn%'of)tt@ hle\leeéﬁetj nfe Eicﬁragrfgpé)&ﬁ [pl@ .OF 88 sion with

oridgi nates T om I'of ogi cal constituents
chhsghe gegireganbine’f'hxsmporhleﬁmefénam 1590 ) sdrnsmnmfdhfb functlomng of

roces i S o |ch bi.ql ogi.cal. gonstit t.

o S5, S5 e el B S PO gl B cach e
e8RS bi tnd@iRtatididr achivatohi(BE! phbiphérSRiion). (detrepmh\ﬁays can
non- hi erarchi cal process  often. has one or

ifchedginatiays B canpserk Eymaiiuin optyesi Jensdy @ SRl metabolites in the face

R | oop in a biological process refers
° gﬁ£§§%ESet é@ﬁéﬁologlcal constituents of the
bi ol ®idlogikal pwws:ms san b biemraacH, Imrlehl@rgICbu:Ial conserbinatim of -

i _the feedb h
G POOTRTFEGBAL o BF TR BihpstoR SO et ologien

co Fichéafd can 'b@f ddan® dHiehesl ealevel sdueitiadbiotugidal eonstituents
erapy can Sga dministered. A patient can refer to
talqngmgrto patﬂiﬂéh]tar tewelcan dpciachith priqgisal constugpigpelonging to other

t e elonging
\;r(]e rrpa‘ﬁéj%;arr% %Ac%%}lga P @ﬁ ated HRAFBI0gR UL &S uertObelon to

rItl Patients
the lowest levels. A non- hlerarchlcal process is one in which a biological constituent in the

process can interact with another biological constituent that is further upstream or

downstream. A non-hierarchical process often has one or more feedback loops. A feedback
| 9
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having a disease can include, for exanple, patients

t hat have been di agnosed wth the di sease, patients

that exhibit a set of synptons associated with the

di sease, and patients that are progressing towards or
woams/(atmni sk of devel opi ng the disease. 10 THRCT/E€$2004/029639

"therapy" refers to a type of stimulus or perturbation
loop inrrahiologisabrroegsp raferd te @)subaetmf@pqiggle%hcow@tee of th biplegical
procésgl,%h%?ec@a%h b?ol&t}@arl @&Ysugﬁﬂti(@if the fedBackii®d qghgl aéttv@ihf?t‘ﬁrar

a 'biol ogica nown o ~Unknown bi ol ogl ca
biolog‘teﬁlhamsummts ahhe&pdm:ktldmi can be applied to a

C sfem can | u for dr ugs
o b6 ShiRe e g e DTG tooREoT bR b
adnniﬁﬁﬁa dd® &“Fat@!htlgan reRf & ShilrRarfpARAPRUWYbnGfunARpaBEA! BEsode
conplexity that can affect a biological state,

mstanmtmlewan hevine dirseaamén@ms @r@h@gpbaxhem%th@rﬁr@ﬁﬁs Baients

r
havmgna ::Elsé"a &n 1ﬂagde lfér BE Sﬁfe S tﬁ%e g%;% bee. esre:‘gjll c\:n{ltlh the disease,
patiems tiimt a;dlnbm hegiof aj,rmpmmstasﬂoumtﬁd, thﬂxehhsreaue :md patégs thad are

to.as a er apeutic t of the drug. A drug that
Prog’éeﬁgf"ﬂﬁjﬁo?i‘i"ﬂg oF afe Al gk 8&&8’% oping{hs g‘ﬁ%"ﬁﬁ c target can be

r efgkhé&th “tRerdy dBfersA6 ity o MEntilusGr pefurbafdndhat can be applied to

“agonist," while a drug that inhibits .a function of a-
a bloﬂqmah%m CII]tSQ]a]@é]@StQ&pﬁﬁS, B éharagyeap affeetn la@loglﬁal state of a biological
[

syste L %}gfc&g}ﬁ]ﬂ (g'gmgﬁ(lcr:{;gxh 1%18)8 L%Z[%l m@glﬁa’?ngs?{é.r Slthg(ag% He:é]jt E&Cle aﬁ)h@d to a
biolagiaalsysteti cinaocledig figesample! drags, ateraimdntah Asmges bi ermipinations
degradation of -one or nore species of RNA, drug

Ofthﬁ‘Bdl ated changes in the rate or extent of

t 1 ensieah Fomg? reddrs ROS tom d}ﬁcﬁﬁﬂsif ahy @dpabe NcOBPRitD hadtarDiffect a
or nore pol ypeptides, drug-nedi ated changes in_the

biolqgggebsteie, WESUBSFOA 0T OF BB TBREIG BFBAYFmfg Whether or not

usedﬁﬁé?ﬁféuﬂéauyd iy Qoﬂ@%@h@eq 4 BHigRiErksOs Sfechibly Mﬁhﬁ@wﬁﬁ a

action or act|V|ty of one or nore protelns and
bioldgigat Wnsmamwb@h@ﬁn e tefesTeidrie 2 8 herapsiéaiareet pthe drug A drug

that g g ?un%{mr{ SO REL euq c t%g{ @R %Q tréf%rrécplfgeas galﬁﬁéév:tivating drug” or -

fyr6EeurTd ng
an ig@hﬁf;’f whﬂe a dfugahlzttmﬁ.‘mbm fuactiar <$f acthen‘apmmo targetrehe baodfenagl to as

MMih cell receptors of an type; .ntracellular
an “IRLHIRELINE; O 25 CATRETH A e oF A GBS GRLF &PBFANTISE ofF for
exarhit, W@@cﬁedmatcﬁa%eéaﬁl ths pli@b LelarfsErPRoRl JF/Egraddtioh &) one or more

-sources; pestici her bi ci des; and insecticides.
specids 0§BNda ATugt meriates shanges infthe raiscrryia ofigwmstasiona eHPPSH

eSS U 8 PR Efhoc LR R POULER i et o

extehtaofidegradation of vhe arsmere(peotging, drogmedjataianhibition®r ¥ilnulation of
2005/,026911 PCT/ US2004/ 029 39 onsi der.ed dr.u S .

actidpff SIS PPERTPISHS: 204 <8, CBFATHIE QfdBugg mcltde typical

small HoRRE1e bf &Eba'rdlﬁdrﬁﬁérﬂﬁbuﬁc uﬁ@kstoﬁatﬁ!ﬁaﬂﬁ%c@ﬁnﬁg factors such as
conposi tion incl udi a set of drugs. and set of

endasxing, PREAGTRE, ow&pm CHars 19 Fasdqrs Hﬁeré?tffﬁé"ﬂﬁh‘feutrﬁﬁﬂpéfgﬁ ehay
o _ : ;

o RBREIRE i {06 L RSB0 BB SRR Ro o

1solmcb(‘n:m ster mtmfahmntcesnsasﬁrada, heryiceds pandeffeeti¢idesn Druagrecan also

g e SO B R R O, o,

viruses, bacteria, and bioactive agents produced by bacteria and viruses (e.g., toxins) can be
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particul ar di sease state (e.g., rheumatoid arthritis,

di abetes, obesity, and asthma). ldentifying the

ﬁkfﬁﬁ% 39ﬁ di fferent biol ogical processes or fF€$éJ
3005{02963()

can to devel opnent of different treatnen
coﬁéﬁﬁ&x‘e@% afugdli FeARRaBlH ﬁean@ﬁ’m cdmaAgLaNg &ﬂﬁosﬂ?on including a

used to helpldentlf potential targets or

' set plediuBhegf acqpRpOsiten |1@nlucﬁn5@s@ of drugs end ﬂcfaof txapioms. a

nmet hod 100 for identifying therapeutic targets. The
met hod 100 begins with th%vcerﬁ%;l on of a conmputer

nodel for a biological sys i ncl udes a
p ar t Aamtnder dehffﬁéntbn@lloggal(;ﬁbcd@ie@ oefiticlisdsedan h@@it. thd Behavior of a

_ rm er. no i des.a top down nodel of behaviors
PaF G by

olpgic L?P’%{ ndl opeiolagical procepsss pemgiiensdave a greater effect on

thi BH16ALd] ¥fst@ t1om Reeld ®ith ?erspélé et ﬁ'ﬁaﬁaﬁ%@%oglca condltlon such as a

i ncl udesnodel ed bi ol ogi cal proce ses an
Pz datcest te (e-g- rréemnsfeui%thrmsah@etefh@eﬂmﬂahd aktbmm)s Identlfymc,

th!a g&F&t@: Bf &iﬁ%.l}gﬁpblgfgm%n 3L &sr,tc%rog lﬁ%'@c 11l $ ﬁsaéiptgggge §$r§ent of different
trmems ﬁix ecarticultar paedse Gt:hlteﬁ rC@ﬂl}blﬂérﬁﬂédeﬁﬁb eaBSude@lio Belp identify

d| se Srﬂ{‘flat eaé_ﬂglstep 110) .. During the anal ysis, the

HEPRMS RlTHGUEE dissasssidier s- of each nodel ed
b' 0'1%} ¢ 3how PEREDA 100 BEQYL
(step 115)0 The effectSIOfIQb byéthQ&yuﬁk¥%%%&§Hm

begins Wiluhr expaberce! a ¢penmugergeodst foy albuésglédtsgspemm mdhdes a

SR SR Dol SR8 B8), B SERSER e PR o v

- md@8 of badtaeiord fdeaphdticeldr fiotaatthtl ThbetiRnest irklidative 8f Sparticular -

are then ach e for use as a therapeutlc t ar get
dl?"é’?%ﬁatﬂ%;} ﬁ?alﬁii E{j’q%%% PERSERAt 1l fupefians gesoeiated with the disease

stit8l IBE moBlaUERS idefEfdtiol 0P Bnforth G 8168k Al p‘f@d’é§§el=: E&gﬂglysm The

capabl e of nodifying the therapeutic target.
ldilmfleééwlagcal PEAFEESES AIEATIICajed Rt partenlacadlinicat g@mmes for a disease
t J2) i abet e
BTN Db AEHEEREY e A ap ARG Iy s TSl B cact
mgdnipiﬂbmbwmkj&bcmr ’@atreuhdc a rafge of dOpui \&lmeQdelt 01 5§D<mla effects of

or . bi ;
oo i el - CTe ot ARG Shusb e D b oan icentiy
blbh%ical Brogissts abyoteeddl Ahdigheti SRARAALsEhe Gﬁtphteﬂﬁﬂés%tép 125). The

i ndi cative of the disease. The behaviors are 30
1dgayghpd @@teesﬂé%fframqflg igggets pre thapseashexamined Sepusots m’résnawmc target

(SE‘:H B3y 5 SR fl? g%ﬁ\b%kéﬁﬂgﬂhér?%{jﬁ]fc'tﬂget ﬁaﬁde%qﬁ nf;ZmE {: ogical

derTying de For exa Fven a
comstitventicapahitpeof m@g@a@hﬁ twrapeutidatgeat Miethod 100 khd bSuset ieidentify

e chani s t he behavior are each 11
P I B TE A BT DD IS S B HAYES RS n.
yielding a set of subsystens, mhlch can t hensel ves be

deconstruct ed aneodetiried Bibldeicall Svaérh (st @onont r ol  and

cont,ﬁgt of tnhes subs dg}lnems i s, therefore, already
def i HsFomBYt fﬁ’@ HereaitbinstepH QP ixwssd se mofslaneionaore biological

prédHRgEIof furfiorsh Q"h§¥§1§1§{HePﬁlo§el\’i@9ﬁ1ﬁ 31]&% g&;g&@éﬁ"@ﬂc#a fl that

process conti-nues no ellng nore an I ol 09
begines by dgfiioga genmtliset efthehaviprs lmhcﬂlllg’h oSthetatiseiate. tThe behav1ors are

th% ergée%géﬁs?egg{g ggg%%) %goe?r%r?dal ﬁe.l’? egn lre% subsng"e%nsfarec 3eve%ped to define

the next level of underlying detail. For example, given a behavior such as cartilage

degradation in rheumatoid arthritis, the specific mechanisms inducing the behavior are each

11



10

15

20

25

30

bi ol ogi cal processes that can be mani pul ated by a drug

or other therapeutic agent. In one inplenentation, a
conmputer nodel is created that inplenents a

mat hemati cal nodel representing a set of biologica
HWbE@@@@%“or functions associated with a bi ol o§CTAR2004/029639

defi ned a se of mat henmati cal _rel ati ons. For
bf‘e‘i’ﬁit‘l%‘? e ViEURRE &7 © a‘éﬁystf@%r@%gaélrﬂlgmael’rffsrbgtdeconstmcted and

' mB&@lE(Pﬁh' &8kl PIRCeSSo LS e Rx driidke Sos e smd 1scmlererf<s%‘rl=.- Bl defined

and a second biol ogical process using a second
byrde Ibehm*nqrs; that pltﬂrmtﬁm thmdmmmméﬂwcsafstemedsatwme The deconstruction

K pro%((?ﬁ% c?rét rn)ﬁes faxe ﬁ«l-:l g t nd n}oF'e IBeh lﬂze tog dowP1- lﬁ)éll there 1s enough

denidloteplivale DfivenBiolupicabbehavioe SiascifRbligIhe MBA& is capable of modeling
particularly, mathematical relations of the conputer

bigingrsal presssie thaticep femapmalaigddiyy drae papthesthesgpartis agem.
vari ﬁ%@glr:faﬁﬁfeﬁ&%h d E¥Gufer S}‘g‘. @fe%{e\’i'ﬂtld[t %ﬁg@fme}{@r aln@tfematical

bi ol ogi c constituents o gl ca stem as
nmééllrerassehma setoff bicdedi¢al ptchesodr fommions adsboiaed wvith a biological

RO ERPRERE E T BrraiR § by PAP @ e Jhe r et i mpce

rept-eisemé b fitshBiolsxidnl lpﬁocaﬂ;pisirtgdi fire Ihitﬁerbatwapm:ﬁl@h afi¥ 8 b&Bhd

conputer nodel typically includes a se '
’Blﬂgsﬁgg TRFSSS PFIRE aéF‘Fqé‘étm"cﬂI‘Fé“%léﬂé%]PB?n oft mqthfénampl. T5lgfiens typically

| i RRALUGR Dy intbre D& AP Ui rcoﬁ'[ﬁﬁ’t@)1 mof@'s Fﬁﬂg@@? %’beﬁm%r (e. &g time

parameters represent initial 20 va varia

-etrdttion) pithe on¢ onmpteatsniebles. r Miore momsialy satheorntieal sélations of the
: corng}t?llltgr r%od?l Pgeﬁe )éplg{é%r& Thes & Ia%% Eﬁabltl erse thg g%a bqsﬁgﬂ?sg}lt levels or

ues, ue O

a@ieiics lﬁSSvanoﬁp emlcﬁgeal\cahsma&n&rcﬂf tie 618 RichikyBlleiteas well as levels or
consti: . and s¥sten1behaV|ors consistent with known

S e PAFHETS AT OF SEAEECHATPORI0s 1 P PR BISbipREEREonstinents

- AGBHBHAIRS véﬂ%@@s afs}&a.:’@ﬁ‘é&npétﬁﬁuﬂ hBEcan BB @ppIFtB lt'ﬁee&ol@pi@ﬁl system.

‘includés the set of parameters in the nathenatlca
r el at4 eemeputermegal %Cﬁﬂm@Wﬁ@aGh of maramvéeraﬁlamfétmﬁls behavior of

: m%égn%ﬁgsqn lgdé’cﬁﬂst?g' g&}x%\l}et%}trﬁ&ﬁf' I For® ﬁl%t e Ipa Cafnee§ers( erl%sent Initial

actor as ex erna
vlees f variahies, halfiitwed af vatialties ratg ccfmtantsacdmv@fsﬁgi 1afids, and exponents.

ste i cal constru | ement.ed .in a
Th SR ER DAt AEEaE! Vit SERRBR LGB e yaental systems.
Sﬂédﬁﬁ@fﬁf& lafd choS#Afol @ViSconRetidrit @hd steﬁﬁf)&{ﬁ/io@é consistent with known
equati ons, st ochasti ¢ di fferential equations,

0
- copsfrpiatse AP thehchapionpha asishlei b s, compites megsicbchanges over time. The

b’ﬂéﬂ ke m%ngdlaﬁool sefSHpaiRlefrs O:Hé’lm%ﬁ] il r@gﬁ'&}s' t'Gne

netmor ean, fuzzy oglca
lrnldaﬂnentaﬂqnoﬁleqnfarankmem arerlﬂsed M@eﬁ@éﬂﬁt ihixiﬁ‘ﬂcldharactenshcs (e.g., genetic
PCT/ . US2004/ 02963 Jthe.. .
S es i R e MR SO S 3L ioogic
sysépiesented by the conputer nodel. The set of outputs
represent gne or nore bjological states of the '
bi ol Mgihemptica) sprsiugisdmpleaicnige dn y sproputemods! far inchde.donexample,

p o )ﬂélgi{e&gnﬂ ehgat‘gﬁ%l ?Hleﬁ %11ffé?@ﬂlap lﬂﬂgﬁse rst%c?‘istl@ differential equations,

ar ti or a particular execu
dffeeamsinl abgebFeae eq:uaanpi (Ehffeaelﬁe bqlﬂitlogs callulst att@mats, coupled maps,

resented b t artijcul ar tine.
cEhat B Aerrine Sl e’ PogiosbishyPieett HipmipgFion of them.
exanpl e, nunerical or analytical integration of one or
nore mat hemati cal '
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rel ati ons produce values for the variables at various
times and hence the evolution of the biological state

OMEFoot/h7¥811 | N one i npl enentation, the created
nodel can represent a normal state as to me||$8il§ﬁﬁﬁmxm&)

d i se EB(ecﬂirfg the 0bmputbi @baQ pfodiuceySdeCHl oulis BF @mlgncﬁlr§9stem
ng} r nodel includes paraneters that are al ter
TePRSETtEA, P ComIcE HOdel (HE aClght oX¥tYsTgPIEsI O Qrcmmedbsologlcal

sthtB€o tins 8 Szic A sPdEm aBY uﬁﬁjdgé: A0 B0hefldaghd ?sg?céa g4, 8/1th variables

nore par anet ers, a user Ies a norma

: aqdrmxcm@era adaperaselasumt anqbfor Iar}taﬁrcﬁBlt exdeliti@&enario. For example, a

: { t | t
 oiORRICETRAL 3B R B ek o ndctiar e T6e t?%@rvr@v efhscvariables is
SIﬁml‘ﬁlﬂédit‘tgf forastampl B &gdal 6r ﬂa@t@ﬂ'lﬁ[@ aRbPEEGR! H‘Piﬁlematlcal

hi erarchi cal | evel and then ‘eval uates the effect

TelaienypIoeg tavesgpbe yaedlesnt Biriue ginsaknphace seohttion of the

bidlokdcal &Rk ov @&@rchlcal | evel . Thus, the created
coitput er no provi des a nultl-varlable view of a

bi ol lngine mhpt;-;mn@mH The cneﬂtedit@dplﬁﬁfﬁibﬁeﬁ calRfRkert la$8rmal state as
servations through

W ovi des cross- %@E narg 0
gyt hesras© §'S aobr‘ Y Bm P%\agrplweecomr&l&qrmqq@bmcludes
parith€@ed thdt AfH Atef@NP YRR cadtHL of Mﬁﬁﬁgmé)ﬂ {E,%J;,Pc% thg‘@lsease
uter nodels that represent different disciplines
Sf?tﬁngw SEIREHNE 3R AR eng GAIOTe Reramstepy b asermoaifics asnormal state and

. mhﬁ&g Qrd%bs(‘e%ltat@ Bﬁ mfe? éSIt e (ﬁle %ﬂg%ﬁ{ Eltagl'” aSré]tegéI}ozls(g‘ %itgn{l%mbeeor more

system and anatom cal factor &V ant
pasamdtens esipdyfortried autoorapicdlyr nodel . The | evel of detail

at i ch i erarch S ah e | evel of detail at
ohi cHheReted SRR ok Eblsanl Plolaies! Brostet a5 puamerarchical lovel
andahdn Sdhatesithd efdesr tHe Bloﬂfglctamﬁro‘é&gﬁlﬂrﬁﬁol%ﬁ Q'f;é}g%ssse?;oart a d1fferent

exanpl e, bhiological constituents being ev
higrgrchucablexel. hé‘ErBE%‘FfF%FP‘éFOInIP"é%féPOdel provetes p squltifvariable view of a

biSIdRR Sl dydeRr ’J!'Hacvc%atéa%r[ﬁ)‘ﬁ %d%ﬂﬁ ﬁ@?ﬂgs s\(s,?cil%c%hntapy observations

hi erarchy. The subcel evel

. th@)@ﬁhp}lréhesm oflinfgrmationcipers twe oembs chm;ﬂms uﬂ\ﬂ\smﬂﬁmﬁmputer model
t nol
o B RS et B

bi ol Ingncthbr imypiémentatonathe BMPHteLRAbAd] Ys Bibratdh & S8 reﬂ’b&t? a

re tao the ultinate effect of the 30 bi ol ogical
PepiEe Bl

RHEY SRR 2P anajprtsal fagiprsirelgyani o issuss énbq expiored by the
cohfpfed BRIALE ArieNetdI8f fi&ﬁlﬂhtq{rhlcﬁﬁ lﬂ%ha‘f&ly s?ﬂ{scagﬂ?}%e) el 0Bt detail at

t he hi ghest |evel of the hierarc

| Whlﬁ&ﬂb@mwrahy ends arheftenodiptated by mpdﬂiculas HItmIdEdi st @tthé Computer

m@de OWF Véxixlﬂﬁl hP{o?c%Eﬁ%f‘?@ngﬁﬁ 0 gg%eg‘?éhe%%ﬁqcng{ﬂeggé z%tal s?lrllgellular
1emrtmrefom the samdelmualmlggi cal olctaﬁmlctﬁé Ecﬁs(‘?jes? I-Ebél?g\ﬂes}ﬁéljarchy The

0] udes. My | e nodul es
S“%@%]/eae gééla lﬁgﬁsﬁ E%fb@&v’le zl%lggl%alcfpnﬂem%rtm Bighlas BN#agnRNA,
prétBiak,, cheRA1g reHREImbRIGEN Ghd sﬁb%QﬂLgéf‘d}Ea&ana rIQeec &ﬁ%% 1Ha(1v1dual

nodel of a  biological system
biglpgirad Fusieratis ® Aomman entitywf srtemsidath qunecmoe}aH ﬂdniaﬂ: effect of the

blcﬁsﬁpal co&sQéan?s,- heRh &SRk ti&ab élcg sysﬂem (e.g., represented in the form of

clinical outcomes) is at the highest level of the hierarchy.
In one implementation, the computer model is configured to allow visual
representation of mathematical relations as well as interrelationships between variables,

parameters, and biological processes. This visual representation includes multiple modules
13
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5 joint, for exanplé, a joint representing a di seased
state such as rheumatoid arthritis. FIG 2 shows a

an a portion 205 of a conputer nodel 2 .
%82@5@1@?}19 some of the biological pr ocessesgg?)"/lnsf'wémv(’”

od h f ﬁe&%&t' &Eénax],%rou@d@ooe%he?hr% se%%‘ﬁ Gdrb 20K ne‘{rg’éﬁﬁ“d ofa

et abol | smin oi'nt. TCartilage matrrx
bkﬂdgmmtsmdmfferent j-oi nt di sease states i ncl udi ng

~ rheumatoid arthritis. The portion 205 includes
: Ng"é%h gical . processes related to cartilage 10

'elgt'?'gﬁ rate,; which is a.clinical:outcone for'

r heunpsreiighpintditatibi, % coffpRitd MddeDis c%teﬁ@ﬂ@t@i &05. fméﬁleseht part of a
200 shows a structural . representatian-of t e conputer '

JHRIGIEOT CXHRRLE IR EEPFRIFES dofisedpedrséite fich 3e dreymatepd amtiyfiss FIG. 2
sﬁo%&raecﬁ \@alpaﬁ R srmu&ﬁguﬂeﬂm&a ﬂr@e't osEREE) Cfo?n%Qrf the

For exa e, the nodes represent parane rs an

: bmgmhmopcsats for ‘é]leactmbris parichladddGi b sloovgnattdagenmaek metabolism in

tl%:oo Eé g ?nr:it a t ht%t‘%olé%egfgﬁcgs[({é dglgiéo Sﬁgclaassgg RS gnc}uSding
rHe@ﬁfa&ﬁdiﬂﬂﬁ'ﬂlsl Mhe bem@ﬁ DS iR Iuded BRlogdfdDp@dSesses related to cartilage
SI ngl e- border. oval s.. The state nodes represent

degradasion sate.diistheg aplipisakoviqome fosrhepmatpid athtiied by
cunuirgt hotoebf %ﬁjt&fmddgpb@(ﬁshg\ﬁ@ra strhéfral teprdd@fation of the computer
i mpl enent ation, val ues of state nodes are” determ ne
nu@chgclddmg anumbprf defderenmti n@dge Pemades iepreseans gmbénsenlcluded in
com%ttﬁer i; el SBO’“ lgorr&gt%gfen&le cs%'(ﬁ)%r%snetna? egxﬁgtl eSVa%g rr]n ical’
el Ao fuet:hdeti]ei danqmnﬁtrmmel 2000 rExaaiplesbf @ie t@p&mf@lamaw\ﬂisdsussed
speC| fied criteria). A state node can be associ at ed
Wiot”hahalf- life and can be labeled with a half-life :
"H' suiiR)des At eXAOROR 00, %rélteg te8e MR thScdiHBerdndliel 200 as
whi ch represents procollagen unction nodes (e.qg.,
singlechordss ovdgle Trowate nades rﬁ}@pﬁfe@émaétﬁs havipg galues that can be determined
I d -~ '
of SRhh TRAE orfilis St et B bR BadbhNchnes He g nodes are
danerxmnecpang d:ffemntmimqnaUGnﬂ Paxmmtewassamtai with eathlxyate node include
nme. Val.ues of funct

Sttt G RATRa PEkr el wERRE AP SR Soreedp el constant,

ot aﬁwcisn acEa@fcﬁH@é ﬁftﬁ slae%ﬁﬁwl I caiteRh). - Wistdie @ocfewaﬁ b @RoHREE with a half-
i nclude_an_initial val and a status (e val ue of.

lifndogh B¢ A5RIoH S ARkl & e SHpbeledin PPl psttain podeis node 210
W Bfketdit:ar6idance Wi th specified output val ues 30

corre pondql ng to given inputs) as well as other

par aifeneios nodssds.gafynction podd 124).er¢ tegreséntertml thersomputer model 200

| f ti d de 220 ch
of §MRes B s 356 FRRUGE e et GRepler bving vifess that, a 2
paRRBLPEHR A tiftfe] le'32RAAHNER BH utsid nhad 088 pSthEin!tiniK 6Phalues of

together within computer nodel 200 by |ines and
fagchigpgodey pes d&FWdﬂélﬂgé%aébﬁmqi@ﬂlaﬁm@mﬁ PpEIPHEt Rewmeters associated

vqthfg RL&Mh ngggﬁlgludggﬂ Yrﬁﬁﬁ'me% ]21%8 el ’valﬁE b Eme%&@tmn node can
are represented 1 n conputer rm as t arrows
bEoomputed, haldaxonong, crepried anetccardan@rwﬂt speoified butpnevaines

i abl.es re r.esent.ed connect ed nodes

ceg?ﬁpg?cgti‘rt%tﬁ %‘chdW s) as well as other parameters necessary So evzﬁuzﬁe the

functions. An example of a function node is node 220 which represents the cartilage

degradation rate.
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5 includes a |abel that indicates a type of.conversion
for the one or nore variables. For exanple, a |abel

@O 08OFYer Sion arrow with a "M indicate a noy ‘
while a label of a "S" indicate a change of st %%904/02963)

one Dhe moaee atedinkediogstherhhithit ERPLRE nivadied 00250ik &4 arrows. The .
i ncl udes ar%ument arrows 240. The argunent arrows

ALOTETHEPIF SRt e RGNS RIRS Defvsen diffgtest nedest Renversing BITOWS (rogleaiTow 225),
ar(e%;gesen{eﬁ'i"l‘} E(’)}ﬁﬁhtaqﬂ@deg 3@@ as tilgzk-gﬁ%v&o @Hbgéﬁmglvs %epresent a

. also includes nodifiers .g., nodif :
copydisfonenf one Dnmpma@ablher%ffﬁaﬂéd; by bainepad hodasl Back esiRBrsion arrow -

Their

wh d.
ingfREEs P B PR 4 SmEol Ry iphiPt e Ghear meresabien For

el ta 148 of at@SeRfonchRANORILIOE “SI 8h&icatd Q%en%ﬁ?wﬁﬂ@? ﬁabel ofa
of effects are qualitatively indicated by synbols In

“Y Hadisgs ashangs\oh siale qfjoae or motergrriableanibhecompiterdeodeh 400 also

i@l |d9§’\érmﬁn t39
UStinul Bte i %24@ e 5?‘%3 #ﬁwrge J;rx;é@enl?le%ln?g/‘a’sa"ilﬁe inputs for the
fractigywnodeh . goﬁntpmcmmoded@ﬂ)) 200, therefore, illustrates

the interactions between biological constituents

* ass oTheatomtbutdr infiodebh20( diswgiecinasy mydifeisabg), nfoMfidreb0). Modifiers
procol | agen. A

iAo e i tisn bR B Bt b o Towbichfbgears gemnected.

ThaPefBeeitth Ao KiaR vabRhd BSRBical RGtes A WMRICSIHRRatBd Péﬂ of state
represents the conversion from procollagen to

nQdss| Bpreiypessofiphiests gfe qualitagiely indieasedipyt mnbmab@bm)smshown in FIG.
2 PESS&SRple! AnOdk At onput er, .mdel Gy

i ncl uﬁrﬁg “one orecakrlrﬁqpié&mg‘oh@?gg?%t |I%T'%§[e ”gﬂ‘% or stiulate 47 a
retagiohshgureptdsenied by art dreowe.onput er  nodel 200 are

associated with different representations of a

bi ol Dgi cmaipu&ym(ﬁm 2000 ﬂﬁﬂﬂf(ﬁrb CilllugtiatesvBE ifdétctions between biological

configurati.on ut er del _200 represent,
SRS R R R R A T T p—
proysila@en. 28 cBiaerdigh Stkdvi 202 Bdnnkds bAS2 B &Hﬁ‘h@&t £4g r%ﬁﬂe&e?mno free

di fferent external characteristics; or
cllag@r VS| cOnYeEHen firew 228 represents thﬁmmcrdlom;fmrm pslcalﬂagan Yo free -

| °“zfaé?ﬂo?ﬁmmﬁ %%égﬁ%sf%%%%ﬁé oS L he
5Ll Bl e bRl BB RERH R o2

cdmﬁgmatuﬁatse Notrippesomdigugatiohs of the combutsyHbEsN20 arekdbdones with

th varying. deg S .-0f eC|f| ity. In sone
RS R T ffhﬁ LS. u By ¥aRrpug configurations of the

' cdﬁ@ﬁhltefrﬁﬁidat 200 eRBSRE 131 @Q.thet differelitSeAf O to?g% bb(ﬁogmal system

particul ar, phenotype typically is reproduc
hayinerdifferant inwasic chapgengisadliffersniextany. chanactfbﬁstmsmr both. An

Vi I
RGO AT @, SEEh S A R SR B B R b tepred to as
1t§ifh'€i1<b.ﬂﬁ2ﬂ Bhile ﬁﬁﬁaaqngammdﬂroni ofbﬁ bdlogita rswelﬁ thf iveirfse to the
arthri t c -because of genetic

ut
PR RS- OF AP K. GENERIIEal BELarh(oPY Phenotypes ofa.

~ bibIBGRAISYsteh 24 @dfiRA rithi FaBhy h@g{ﬁ&%f@ﬁ&lﬁéﬁlf tH g&fne instances, a

Pafi ents A confi gur ati on. he conpute
PheapfypasiBRlugeshnf quay ?_fdtmam@&tmqn wgodwnd with@riisease state. A particular

' phenotype typically is reproduced by different under]ymg conditions (e.g. d1fferent

combinations of genetic. and environmental factors) For example, two . human patlents may -
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.5 giving rise to a particular biological system
phenot ype. Additionally, various configurations of
t he conputer nodel 200 can represent different
phvembypesiiof the biol ogical system In one CT/US2004/029639
i mpl enmentation, a particular configuration of t’ﬁ
WPPRPUD OF smmtwly ROAitiE ut eherandd Arhirieis bacaud dflgdtic susceptibility;
‘E@\/ ﬁn A VI ual tg t| ent presents a human pat i enF

§ kg otpe pfighdt %}’ﬂl& §‘é"H‘S% eta}S‘thtf?S@GFalilm%nbl nati on
of underlying conditions. Various virtual patients
YapigPagendunan 10 pati'ents having the sane

phenoty gariputatiBase ﬂleQGmghlfef ﬁlﬁﬁ&trg&@ge% dJ cﬂg Gnt undﬁrlymg condmons

conditions. For example, as ove,
%H’@ﬁéﬁ? frea Bmlavlﬂmblplog@alrﬁe(stem Ifhen@b’pm néléditigriatig, mﬁou@éonﬁoura’aons

t i bili
seconogi1 ye?%g@lsént © ecrz%% ef '? prgf %{the slé’?‘?ﬁ“é’tl system. In
calepdmlpleimimta;]lloﬂ cpatiafs. cohﬂvtﬁfh@il df&ﬁf %m%’lﬁer model 200 is referred to as a
ntati an, .vari ous virtua patients are
"d‘g@%ﬂ’gﬁ% oV ) P2UEH FeRReRTRS 2PRaR prten Aeyinga Bherogmerhased ona

RO B@Binabbh bLuRRtyink ChhtifioRak} a%{b&{lé vitdal p%ﬁgxﬁﬁ gepresent human

di fferentlilm o a specified therapy because 0
Rﬂ‘Pﬁlﬂté hﬁﬂgg deme phenptynetbar baseé pi diffarent uEdi@mg%ndﬂﬁnﬁBFor

SIS w20 PRREFS U i e A oo

atients resen
qgatlntlenst Elatd& toi geadttloﬂusdepalbﬂmaidd&mec&ﬂdabﬂle@ﬁnfﬁ%t Igﬁt@ondmons related

ent s hritic human patient ‘tha
‘% Qh"*‘t %ﬁ“[ ’3{% Eﬁ %‘8%“13%?]2‘ aP@itﬁlaﬁ%%m%Péereeﬁﬁpm Ya5opa Hirasl pasients are
&Oelbﬁﬁtﬂ’&éﬁé&nﬁﬁﬁrﬁéﬂ atiSmts BAANA IFREN ghéﬂot?{])yée‘l Df?e&énq Qbrtual patxents

(1 abel ed as "MIX-RR') represents an

TsPone Aifferendly te »ispesificst therapickatansesyf dheiediffering underlying
HehLpRbigxate, a conventional treatment for

arthritis.. Each virtual patient is associated with a

part RGP atA gud 3sthQNabare®ant$3 302 pad aﬁzefsspeﬁztlﬁefly,tfﬁﬁtwo virtual patients

I g%%l{lg% di?%g%{t Hurp%( aa% ar a%&‘l Egae%ps “RP 1.3”) represents

aR asthhﬂc hiirAan patiEnthGr ﬁﬁfbﬂg Qp;ﬂ’@@rﬁ’it@ fdsportsRtoRBmBMAECthraffs for

eg Tﬁ}gt 25 the different arthritic human patients
d grtis @pd 2 S5cepd; irtugknatient (abeled an SVAXRRI prepresents an

aﬁﬁﬁﬁé’fﬁﬁlﬁin YetleHEMaf Qhibhk QAcﬁgéd\?%qu[ﬁgg 90%?1% ho rRAROS Icgrtlveeg'%onal '

with rheumatoid arthriti api €5 can

- teeptAng fos @rthgtis Bdch airgial Mlebt%ih awsootatadlf witthepariicularedet of values for
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As shown in FIGS. 3A and 3B, the outputs of the o
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n th a _seco
of c‘ga?g‘fgreé}% u eeg %ﬁ%'f‘/ﬁnﬁ%‘?‘gfgﬁ u elsC e%femsr{gr GO V’émalspat.lems '

_ repmsanmgelnfsﬁer&ﬂ;iahatttweefmthésamrtdﬁ;era@mthe first set of

| ues. .One or.nore gurations of the

alr a ter Cc
Do TR B I EPCXA iR, § catTis g i S Fde] 200 1 Bssociated with

a BAREIGYERbS PludsTatt pardm @8 OF ihateB e thddBi 2002/ Thus, a first
paraneter values. A different configuration is created

copdigurptionis asgodiaied widh a dsvisetgl patamsterbypluespad fi)%eqvgdtctmdiguratlon is
rg
aésgélgtb(ﬂvnﬁ %@E&?ﬂ %t[ d%ar&e?{r vgféggg%?g_?% ?le%ﬁ qu ong orl.%xgre parameters
that :tre drsanct\fmn}n thednsttser of\mfan&lseranahlegr oup edmbﬂi c!bnﬁguratlons of the
different sets of, .20 ararrete ues, usedto defi ne

S Rk SR R Sk ot 108 thatisaspociges with initial

paffetet mssn&nﬂlﬂetcﬁﬂcorﬂigﬁraﬂbn IBr€atEPBdst @b ﬁfellﬂlﬁﬁl &nfigiation by

conput er npdel are created based on the initial

- medyipg thedRitighcQrdieRGHPR. AR EPIfy b3 eskiymgang oF g9se efthe initial

| ir%et@mmse The Iaﬁ&hmdpakah&maﬁfes af?:eé}gﬁﬂ%g i %fg&aﬁw&? dr

patent application to Paterson et al~
parmtthnwlmsdlsstxbpaleﬁm diffefant ca@dimivations gf thle nkm;iuter model 200. In one

) TS A st b SRR 1 3 e s n

in@g 8&1&'1g53ﬁ1,onfdsin@(lhnﬁéﬂ siubtioR bperd@éhk s oSexalidid,idesdlos@lin the co-

Publ i cati on 20010032068, published on Qctober 18, .
Pexging)and cg-o ﬁﬁSPfeﬁPB tation P at@%ﬁPP gt €pfittedg Mathodnmd Apparatus
fdi'fCohH@ctxﬁg MRtieRSiARERbn BROAGRIGSSMe A\@Jﬁoﬁ%meeﬁy@m Model”,

bi ol ogi cal systemthat are sufficientl eren
Ushié¥pphi¢rtion Seaialdie. €98 14536, dpd on Mereh Lbﬂ@obﬂj S. Applpatier

P@hc&&% IQJ) qo%gb&ab&? Xeﬁt%lkgéﬂ gg ctc'obeglllJ & ;%%)8 S eval uat ed.

odl C esses
r eprkses hxﬁﬂlementah&n,mafmmﬂ @hfi g‘mdﬁbns?(&@hd SomysidtrhddeE2ZO0NEpresent

user a bej ng associ-at ed rticular di sease
"%“taﬂf”és Ofé‘ﬁﬂ"l&p‘f“f"gﬁy SRR tYrg ﬁlﬁﬁv‘m%i‘éliﬂ&n@%%@& Suchhat the effect of such
viHakibgy & reﬁi%ﬂsé bERE bISeiedl S)}sl't@n %?5 stthulRl &l e‘?zg f%li For gxample, a

processes. user can Identl Yy the set o 0gl Ca
sghpbielgissl MQP%Q‘?S reryeseasedripites ccempécn me¢ﬁﬂ 200 tdtentified by a user as

WS@%@@ 6%’5[%\642@ Q%S%S?] Stg e rS o Iy g&?q%%é'ﬁa]ﬁioﬁs fepeesent

dififietent mudhpﬁuamorxsfof MSeCmfr’qmlbgcal mmi&lsses an(iexoctdﬁeﬂentlfy the set of
sources.. Once the set o

| e f 0
blBﬁ’&t"\é’ lg%esmmée@ﬁ eXaeRie: |°f‘P?Hnef&?1f£& é‘rlﬂlcal data knowledge or

configurations

17



10

15

20

25

30

are creat ed by defining nodifications to a set of
mat hematical relations included in the conputer.
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Ptg& stinmulus is referred to as a virtual _therap

SRS SURMGE & UTHBHSIO PRAThHion Bpliesie et Wological

bt TRE Bombiiter @8dd 006 isih 8hLd '
Sytherapép?o? r heunmat oi d arthrlf&gﬁe?%ﬁkgiéﬁgggbgﬂﬁﬂfagﬂOf
¥

ougpy AT Bedilpgieel systerrehenerissiereentatipnl o wintulfsyiimuius simulates a

th h;%J -’Qﬁ%%geré%rtg I tol aé‘glssgﬁt&?} ev(s\zutnlial érllnn Cgslrfe%'fxﬁg ?o as a virtual

th@a}&etFomﬁkémmb,dng cxahplpcmnm axchaies padanleres Wattake altered to simulate

cljnic out articul ar di sease state are
o iR Rpadh O B R it tbdte drikamble s edmmigtion of
meéthdthixixel he created conputer nodel 200 for a partlcular
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out cones associ ated With the di sease state (e
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indicate a potential therapeutic target based on the
identified biological process. In one inplenentation,
GVH BHsR2@L £ conpared using a sensitivity analysis.
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one nodeled virtual stinmulus at a tine to provide one

or nore
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26 WD 2005/ 026911 PCT/ US2004/ 029639 conpari son
outputs of the clinical outcones. As shown in FIG 10,
wd lees/eepput er nodel 200 is run w thout any opct€004/029639
~virtual stimuli to produce a first baseline untreated
companthMutpuTM thedimcd] entcomde | AR Sbvwasin RIGeT0, bige ¢amiputes nitglel 200
the v %ual stimuli at nce to, pr duce a second -
s vt A O ] b ProRE R ARl St qupuLs The
compuft® Pnddermodichi tHeH%errEﬁj H&he DN HRIVIQDE siinifi 4PdncR t&ﬁr’oﬁﬁﬂe%econd
at a time to then provide an outcone including a
baselmnerogimit depeladras (all e&(:qtmlll 1) and fsethervamnywitipthe md@oﬁmsof one virtual

i B 5 SPTRTEASGR: BHARLLRe lodBou A SR v

varyifig peicoaes mgede bangaison otifpatsabit the ¢HhicslWutRARS. Ofitputs of the
synovi.al cell density, cartilage degradation rate, and

Vlrtuaslyﬁwll aFe QepInExPIESRd 45 APEERBRES Fifnes mghe clinig @uicpmes b,
synoﬁlﬁ'ﬁ‘ceﬂL&'éﬁéi‘tgfsc&tﬁlaéé"'&’eg‘fédahls}ﬁ}at§ tahﬂ’éilﬂovid" @i -6akk1 ! Rékhown in FIGS.

inhibition of particular bi ol ogi cal processes or
9 and i tl).chsowipgs of the g tugl stnnnh) molinptecthabinhibities af paticdad

blologlﬁzglfp esgegg{ H]E %{@l{l Q%Ya? %%ﬁtoé}?%e{uoa{vaa grgellcz}nld t}gcell
recmnuieﬁurms a pd;tamtal conl a‘felcung Hieasatom alﬂaraisw afﬂebtusgtthaﬂm&dne

spe flcl flnh ion that a CD99
outecpliSal Gy 168 B0 alrodt Bt D nBUdpyH pEyebipiton that a CDS9

block®t AR iFhRatd B4n éﬂfé&ﬁv@fhe@ap%&@&ﬁlﬁfﬁﬁf ﬁatwﬁ%é&%ethotrexate

patient type. 15 Various biological processés or
TeSlS@l!ltm?tlﬁlﬁﬁf@Ccan be tested in conbination usi ng conput er

oSO eRal AGe Bk HAARIESHES: LA M Gbinalon iR

compmm‘lnﬁodebit()OmiBtéad cff bBB]lg tcntmnmdmchlabﬁSEdm dxample] ﬂi&tcombbﬁéf model
a nodificatio

S ed for each. biological pro

200 G FOtP i B TSI PR & BEITL KM e i stion s
modé)éEfod eaoﬂlbtcﬁogaéal P esE0sH frhctith! TRE chiBpREORAYEA 2009 tRén run using

nore outputs, The outputs are conpared 20 with the
one G5 FREE PW&C Bgdifigationso @fféiupweeqfémratopws {Rhgtoupytsere compared

of .

B i1 R e R L S T T
biologiml‘ prgesasses bofimctios in hembiation srperfonhaaéd 21010 differebé t@rfiguraions

ro JSt nes ul t s, t| 0 o nodeling the
of the,¢qrapy ?% {) W ‘8.‘18["6"' eégb%s §§? n]ttjsn ot her

bi Bl aagmeﬂto mpdelibg Shesffaets Jﬂmu:tslbmgﬁcap&ﬁx@@ﬂuaﬁteﬁ other Biotogical

di sease state, the cggbl ned effect of a biological @25

dsgesesibs thecombiradesitectqf@piological
cons@theRt-on %llﬁcal%tc%ﬁﬁ‘é@s AYaded (%teBQﬁG}i 1. § ¢ $hdvibodhuts ba ge%

various biological processes and functions affecte
testingrad VI@n@Js@gﬂ@acal porrssses arthfuncismeaffecied byrthatuologiaal clonstltuent

coof il bl IR ARG b OO R i e P

et

o ‘patieht VEX- RR&&p@&’sbnﬂiﬂmin arihithibuman eatiae that egibiRsRdiced response to

O L R T RTRL W

synoﬁﬁi éell%ﬁk%ﬂfyt Ynf wrﬁl@émé&r&a@a{r&%&t Hé]g’rQééQJ%IrA’SEbéH% cacy.

degr ees nmodel ed efficacy. Varlous virtual stinu
Variqus, vgrtual dnm&leﬁe@mtdlﬁﬂr@n@gmglcalmro@@m@s figictibosaffacted y CD99)

e val uat.e t :
e okl 2By B TR ph e Phe Bl R e vt stimun
are showd foakheS/trl:uﬂJbatlent Outputs of the virtual stimuli are expressed as a percentage

change in synovial cell density.
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are shown for the virtual patient. Qutputs of the
virtual stimuli are expressed as a percentage change

Mg@é%ﬂ cell density. 27 WD 2005/026911 ”
/ 029639 The conputer nodel 200 can REHUF2004/029639
di f f ?ﬁ@mmﬂnﬁ&eﬂn§dé¥f70@fﬁxﬁﬁ$de@ ﬁlfﬁ\z‘éiﬁ\{é\%'ls Si&lfec O \Shbmal cell

for exanple, when the role of a biological constituent
densityn far eshrmpic) yh@hfép adeef @ lzleumcal:mns@ktmpis @ot FE@ly chiracterized.

a m 1110 Ximum 1115,
rf S ErE TR 30 sp P 0 BV R 11 M midine
11patforethé eﬁﬁa(oRRD9§h>ﬁ vﬁfﬁa@pﬁtleﬁf MT-R®. ' ExedfRcOHf rRethotrexate on
virtual patient 1.3 is shown in FIG .11 as |line 1125

viftpgl d?é'tl% 3rig shovapingBlShkherdmen 125 Adustapng app % ghanse inysynovial cell
3 f

o8 PSSR 2008, MU b e

baatloregutpne 1 105atong th ytegisriBtstragnga 0% maxinmmmefficheyc athy computer

200 is _the based aon vari pus ,
gty 2 T A P BT PR SRE a0 sy G comparison
oudpsiitPabsScifES Aethakiehridhd bioldafaV n%bbé?s@@s &14 fehQing # combination for

rocesses or_functions in co nation for 10 different

diffgrpal lgvedy offficacy. The range of effects is defined in

orde

b1 of gy FaieC BF BECR i Weidcdtn SRIH [ iLcRRiaR ittt 618009 o
thebfoémglcal pocessonelable 1 Hlastbites] tbgraugb of pffentefos seme ibﬁthe biological

able 1. Hypothesis Lower Mst |ikely Upper max

prg‘ff?séeét nzax effect niax effect nonocyte recruitnent

66% 88% 88% T cell proliferation 0% 0% 40% T cell

activation 0% 0% 84% T cell recruitment 20% 40% 88%

The "lLower nmax effect"™ val uzﬂbll%r esents the | owest

obsefved }?,%Eatt);és%Utl off t dower padt i Mdsakikdhi olfogi cabpez _

procgss, cns;zazteﬁ‘atrl (] _
With s T 88/

max . s af?estiqntioff a |real |3§% c
cont idglireamnitmenta panti cdlar bilol ogi62d pr dcess 88%
taking 1n consideration the in vivo environnment and

redundanci es. Qutputs of the conputer nodel shown in
FI G Therlowsrgasetfest tialne remesuisibalpsyassohsered centribiiondo a

p%@%&;@}?ﬁﬁlﬁegggﬁgﬁﬁk side ;ﬁf ?8J%§S1Bie llénudn(gé'ét\?%%ﬁer

Iu

' prwmﬂsothb Evwprtee mag eﬁfn«dv\mptrcsemte thegamamsymohsenied cc'einﬁbution toa

SRR G ABREEL B] £y H00R. 81 etk Of coimation ot
re@lﬁﬂtﬁ@@%ﬁﬁﬂon to a paIthular blologlcal process taking in consideration the in vivo
environment and redundancies.

Outputs of the computer model shown in .F>IG. 11 illﬁstrate that CD99 antagonism for
6 months can improve the rheumaioid arthritis clinical outcomes by synovial cell density by
40% to 70%. Methotrexate 1s known to decrease synovial cell density by approximately
30%. At 100% efficacy of inhibition, the computer model predicts that CD99 antagonism

can induce a greater improvement than methotrexate. In particular, the computer model

. predicts that compounds causing 70% inhibition of biological processes or functions

associated with CD99 perform better than methotrexate in decreasing synovial cell density.
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density. 28 WO 2005/ 026911 PCT/ US2004/ 0
to fullylasses ¢lad effact eSO omtheldeseasersitdtar | y nodel ed, such as

5L PR 5 B R T D a 8 g Bl Rty o
quaht@@srepﬁr F&QixalbleOoiitpitt Sle%mtpﬁ%d(i@ fetiBra ABERIcE@NamlPbetween the
erfornmed quantitatively qual i tatively. For

outpusy anghihe dlfé?ﬁrt?ﬁtl%thﬁ‘? @orma%bw@b aflyeshoddhvalng Eh%theﬁh,ql@ Melae
repres{eh%r?a[g% ar egﬁﬁqt%{;ﬁue %@gﬁg%&he Q&.e &tilﬁ %%r es o?% _’I linical

data; lmaiwledgeenroepaem of persoheskalbelinitioe &t fqut;mwOf\thé cemputel mialel, and

tab i shed n experi nent al dat ni.cal
other SRR tRER o N oI AE T paRe iR ot B B o B2 v that
exceedltlio th%éh&ﬂtvﬁlu@farehb&ltiﬁéﬂﬁblbﬁi in¥RGRbre idPBrtar® k&8 fin the disease state. -
rel evant sources. Modified biol o | cal rocesses or

As anpthee exase. BRI e ed graphlaiﬂ &St fd 11 5p &80 d
comeH:lo&‘ﬁs ﬁé ok BY kifd Fdr f’i‘é;BRJ;&Mh@ dEQr € inportant role
| sease state. anot her exanpl e, outputs
arlﬁoutpms e tlwtcemlpgﬂfaamhddaildlyaté ﬁlagnqneﬁif(i;&ntlﬁed blologamatiprocesses

erforpned. by .the. er fro Vi Su
or fur g S Rent iesl o HRereS pFs, it et it A by forter
evalultedbs B GRgapehitid Haset. | Howeved| iotheutraks ¢XTtRE B Ser 186del indicate that
f uncti ans suffl ci entl affect the di sease state, the
at leagf; ope Eplediral Paresssi qr@érr#wﬁ swfdiciently pifeqts theidiseasesiait. thandhe

blolo?\%al%oh&ﬁﬁ&f??sl’iﬁélﬁlﬁteéﬁgﬂher WeV@fgeti f the outputs of
he conputer nodel indicate that- 15 at |east one

bi ol &%l cal process or function sufficiently affects
Validagien o BielegicaliGanstituentn t he bi ol ogi cal constituent is

o1 G ot oo AP RUY S bR ook etk o

. biologidalrassdys ¢xtern629)).obi wale ingarses, tdardollodbdysing ﬁEtsenff b1010g10a1

bi. ol 0 I 0 t
assayE 1 BT AT AR PRt B Dy PR B ISt st
examy g €ell-Base€ aiuy dndlafinidl enddeR| mlmﬁhed:&e@tslawﬁwformed with, for
Bi ol ogi cal assays .include, for exanple, based

examples agiie eHBres{F-ga Follfubiegically coppvad Eem hyman g5 anjmal tissue and then
culmféﬁ Q'dish ox‘"éetllhme cftures efls tHREHIVE Hebh bt ngrr'[{eﬁ 8 immortalize

S Su |ca y renmoved from human or ani tissue

- them}a n@eltsmm' beccldmvgd fromi mnaaldmm)ns or from| Hunianp bagng & disease. Cells
: %le. . 4 cel,l s(,)mt ho%t- uhaa e be Lans tormecd t [ En}a%tkalrieze le
- may ﬁ%ﬁ% erpegfl {FEOmHRS? gI‘(E‘e"rr"l‘m% S‘hh St hor e 3 n‘*ﬁ - AP

cells fag®e defived fagn ﬁoﬂmeﬁ e85 Bumaie latinZifls 6Bffora nSH-haehaf @fantedls that
from non- hunan ani maJ s such. as ra m ce, and sq :

- are apigja} podglg pf @ digeAse-cAnimal mradielsey E‘Hfér fo EEATRRIEHORIRAR
- mamPAR SHW%@I %% hete manﬁmeda@ﬁgzalc%nmmde 8h®uman

ani mal “nodel’s of a .disease. -Ani mal nodel's can

o '"mamnnlslhadmg afcbsrea@xa‘i«vpmeammgranmmmpdemﬁm}:stysudmba@s prciaclude
30

homor%fﬁmﬁ: o%géje (Ség)a 19':1{) tic (dég%atg}nt ggt f;’)ﬁ'l ed. can include -

or exanpl e,
amdi&karﬁplé,eﬂfs paﬂlctﬂbﬁﬁbtoglo@r prdtab ot amctammodifled®§ the biological

constituent is identified as affecting the disease state, a set-of biolégical assays are jdentified

-to validate a connection between the biological process or function and the biological
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30 honbzygous obese (ob), di abeti c (db), fat (fat), or
tubby (tub) mce. For exanple, if a particular ‘
wH9h RG] Process or function nodified by th .
boi"oglbca constituent is identified as affe qTﬁbSZP?fém%”
cobtifRAER. &S haliBatirk aS&iand‘t Ribehvgh GAkrARS
identl(?l lt% val i dat eloa connectlr b%%%egfoglsandCDgg) For
eXPFNRIE.che blalogpﬂﬂb@@rssﬁu@nt lfs mrditiated imtie sehef holopiogi edys 28d the effect

- of }pﬁ% %g%étpo%qg%%agﬁ %é: uﬁ'xg %g %fﬁ;g n%lﬁ gbo g.ﬁ%zﬂ é}f@;g.?s’sor-ﬁmcﬁon.

The mi;uﬂﬂf&)le sdf-ﬂmwt?)aaﬂpélecaﬂlhﬁlsbd ol ik ﬂ%ﬁﬂhﬁdﬁeé}beﬁﬁents
the set of biological assays, and t

nodul at ed
Foppagots. Tl O R GaPHASe POV IGHeny Sng atenjo umsiisl g
oufcBfie ‘?sf dRala porthe x%bégd%'tﬁ:@m oRfifeiee Olr t &é’ &%tté:sg@ on macrophaoe

resui ts of the se sitivity an ySI'S can De use

'recmltrmmt aiczot gbed. wdier thatsingay hexpposiurentsultsShitdiieyexatiiily to cause

abtenﬁ%cgaq]ggggtognh (S:éag ga e recruitment can be tested in
rst outcone is good, a user can

pr oTedsligtlet forssmurdiitvdencRtivitits 6MolodRal &bkStubits includes
macrophage recruitment are not good, other tests may

MeRSHFEMENNS P FARSCHRAOR Franslagign, and @gtiaties efiihe Rielogiqabcenstitvents.
Me%sﬁ@ﬂ@ﬁt'o?'nﬁﬁsc {pﬁ@lﬁs Iﬁffoﬁﬂ&l %r%@éﬁ@ S\?s‘ﬁéﬁe feT%?Ebegé’lﬁit include a

for neasurlng evels or acfivitie
set b pelyhnalentids sequeherse §or &ampis srobesrmay snadide DNA sequences, RNA

RS bR, S SR g e i

. sequsnqee bf RNAethaldge for axmaige) & cotbinagods sfherR§ POFyARASotid3&bquences of

proé’ncl ude a set gf 5ol ynucl eoti de sequences. For

SMBY BS Spihssized magleqtfeiseasnesusus gt aytatio olianucleotide

- seqRBRtE NTRSe pﬁ%ﬁél}f&ﬁfe sSQRMBRCES b bydthiRiRARY tlcagy ﬁNAvd '

sequences of "'DNA-anal ogs or mmcs, sedquences 0O

-enzymatiedly 1o vitra Gﬂ&:sby ROLYTEerRisi chaini reavtiony, of hemvenzymatically in vitro.

en bes
R R i A
ponohs gornejopaits dor ezsanple,r‘the&l ofifreb&s ey inalidk @elyndEeotide sequences

es. can. be ntheS| natlcall in vivo
ool AR 7 iRl i g PR ey e £44f probes can be
implemeitb@n hybSidiZA00n SRRBYIRL fob ekinypit, raxydlésfe@ in siﬁﬁroaﬁkt zﬁf Eds.,
probes used can be imobilized to a solid support

Moajguag (onings i habpagtonadVapisl. o{ads. dr3 (emd Sprieg/Harbioo Laboratory Cold
SxEaR e f 0 ucl eotid :
SP sequengne?{go ztﬁﬁ%(t1 Olagrsgj é??%lc@ﬁpérgsééb%%fg%gé%leul Sy °5P astic
surfagk oln svpehnsime ey médastrement of rensoeiptiod cznf ihesdeiRnhieidization to
for exanpl e,

e ashbrldlzatl es a
i PR R LP s <A BB iRl ReRacs a Silig fpp pr Subtace with an
delednirag of ¥h &@b@kﬂb&{dizd’t@ﬁ@ﬁé foVsroductd oBvried
orI—Ia borgﬁabgr atory, Cold Sprslg I—Iatrmkgo(r)f'gv N. E%ﬂ%ﬁéé,g%.ama_]orﬂy

or spbgfaytiallx all 9F the 2snP 6F ¢ S6RomA fffachielogipgl system. g$ls;bsmmoarray can

r e
e 5 ot o S5 o HEASHS BB s o
DNA mumoiss piaa/soreflatipnef @NA seqmr;mnesar RBWA mitpiceairiyobiliged 46l ﬂfe solid
support or surface with an ordered array of -

_ id
'_ SuPBllr%Brﬁ“éfaS? hybri di zation sites for products of various

genle[%asﬁl%nﬂ:nt o Br ] 0bh kdin bperforisd adtokd@ht ¥ g’e'vlarapfneﬁatiﬁs For
genes) of a genome of a biological system

eXafnls, a%bpleaeg?n%raﬁ maniferingiel Rrojses usng i mtmnﬂg’)’dbqlmmleem Tote

 perREALEDS EchstrBcithe a RicdRARHY A hRkn %f.nd%lg‘eg B R bilized
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DNA minics or a popul ation of RNA sequences or RNA
mmcs) imobilized to the solid 30 support or

wiHidoads o Measurenent of translation can be per
according to several methods. For exanpl e, CQHﬁga“””WB9

mogecion atiitdiarsheufiofo varohehidteibsdidBdedtyos & &Bﬁﬁﬁle Antibodies can be
tec?nlques can be. perforned by constructlng a

PIERRTt (T SURgtantipl v’mﬁm Hithrisnsgded preteinsariaptrastifomtbpsd irgisihs relevant
to tRE aMQnQCQQﬁé &%ﬁg%cﬁg%hﬁﬁoﬂéér%%%ﬁf iRAes éagg)% a)r%ducgd as, for

anti bodi es spe Ic”to vari ous €1’ NS enco
exagamienisclotad irbldatices mu}hhari&eAnpb@iaemm Lﬂforao@lMQilﬁm@cﬂdl Spring

fra Lo t.he encoded roteins or | east for those
Hal oA LB, ) e S o iAo F BRel i poios o1 by SescAEn

~ syndiidipeptid MPAREnAN ¥hicAntd HQAHRE HaRA o@ﬁeﬁ&ﬁ%%@%%n@é of &9&[11 For a

exanpl e, di sclosed in Harl ow and Lane€,
mopaHens eBEdyEFaR| Protess @rosmi pﬁgale chhatatiod to thie mlqroa@e,s)and binding

-of t]hQ ?‘cﬁ&ﬁs LRSS ad%?a?ﬁd w'ﬁ%?ﬁ\aeglﬁ%r alqnthh'x?c@gé \?\ﬁi* gtgrregy protems(:j can be

|nst synt I'C peptl agmen
Sepdemdgnadvobrhﬁ&dmml gelredstiropls@gsie Bsteny aspfos €k dmplEQfisclosed in
are

nmonocl ona nt| 0 r roteins froma cell :
ety Bl BROrmbor s bErieip? %%aacspﬂmgoacamh%ress New York,
1991])0$1ﬁlv&$enﬁaﬁt Aqe 1896 RYRANM L B &P R¥RNMIOR3) )3: L@ﬁ)hmg U&3liocco et
Alternatlvegﬁgﬂhrotelns can be separate

al.,t1R80.4Y spsink?: 5g81 anéﬂ@@dq:roﬂ;ﬂfaﬁ ésle!;ces%@tﬁmsiﬂs Twedimensional
el SRR S SECRRG iRt RECR Pl one Rt dmoiop giowes

by S’DSS%AGEIeWctt‘Ophoresmlﬂ@{g) 4 seSomd dineenkion e t[‘hafesulni; 88Rctropherograms

93 1440- 1445 Sagl i occo
an e Sy ed GG EFniapes el dingytor ATl SHOUDBAe

_ tecl%ﬁlq@d@.cﬁeszglﬂ ot Fmut¥KoCHIBREIRRR! poly#fdnal and Igonoclonal

- el ectrophoresis typically invol ves |so el ect
antiyediss; ang itrmakand N-igraina mpeesiearencig) @mlutechyq@eumee

1deﬁﬂl§&ﬁ16ﬁ’ BPQE\%{aﬁuﬁl Qoﬁ"oéﬁ'ﬁ@ﬁ% b(ﬂﬁ:@ é)gy%ologlcal

resulting electrop erogr can e an

condumgusludmglﬁqr craeple, imcdlisdie gy yedsoy expusadnd @ .d.rﬂ@ﬁﬁn cells modified
ronetric techni west ern blotting, inmunobl ot

-bygﬁg ?%9§“ﬁ§?ﬂﬁﬁﬁgpf€% W% ah&onocl onal . anti bodi es,

andMeadueriét o adliviNids &F Biouticdc6isBit BB UAIRE b 9rote‘§H§ Ran be
qgues all ow i dentification of a substanti al

h
pe qe}é’@? Iafﬁ’i’r Gre pr st erh@etipd Meepurament pf afitiyity can e performed by any
funBRYSl, %&ﬁb&ﬁ!al onﬂ%iJal RBfodd tEng gﬂ‘idﬁ?%to thé 5ctﬁiﬁ?'m*n%’chbxgctenzed

cells yeast). exposed g or |
Whepthe P@U’ltZOHWVQS@J chemisal mansfweratien,mebislsr proteid cam be contacted with

P DM T
. mvpb'eé assocstionde efudimerid i€y gl, aksotRitibO 8an Me@sda SR birding

tIVI ep be perforned. by any_ functiona
ﬂ&r“&ﬂﬁ%?@é@%?%ﬁf@é@% Bbicsprdany eonseguehees of the

ass@&ﬁﬁdﬁ' (E,\é Qﬁﬂoﬁﬂts %hﬁﬁ@@& %hs%ﬁged) RS %Jeta.%lﬁ c?CMsX YiMere a functional
i-nvol ves 'a chem cal transfornmation, t ot el :
actiy iy iIpmopmnessiotceld cydle pontds mrfmanamalofﬁwtfsncrtﬂmel, acainity tdmebe
me&ﬁh% of transformati on can be neasured. \Were the

activity involves association in nmultimeric units
(e g., associ ation. gfiteantias rhyeinegaBh bi ndi ng

lex with DNA), the ampunt of associated protein or

ﬁ&ﬁﬁhﬁr @H’ﬁ%‘%ﬂ'{%}?&e@e@ffyﬂ&a therapeutic targets begins w1th a known

blolocncal constituent and then identifying biolo gical processes affected by the blologmal- _

constituent such that the clinical outcomes of interest are effected. FIG. 12 lllustrates a
: 31
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associ ation (e.g., amunts of nRNA-transcribed)_can be
nmeasured. Al so, where a functional activity is known,

awoi ;muekdricycl e control, performance of the
’ T/US2004/
functional activity can be 30 measured. Alternati 029639

mathyldel 2 tfart stonsiring anbedlioniofplieaEiutt taasst. TH@BIO!JngaF&)nstltuent .
a.thergpeut. c. .t s begins with a known i 0l ogi ca
SRR DA S AKEA BT do REFEY ? RBHTOf GeicBans Jordsoabsbly a user
d t I
(A eRIGAPIY istphéseht i nRBt 6 typ&ORa tid %ﬁe ?ﬁr@%&ﬁﬁ%@} f%nﬁammatory

cl'inical outcones of |nterest are
signpking Pafivesysa AQUseKNOeRORS/ 2B 0 L icRCTLIBROM4hOAGHE I8; example, a

I
SO0y B Oy B R g v

pa& a;mii&,owmmﬂlyp(ﬁhaim& a6l impadOdlhidad ohtoBRES bAaed b’x’f‘ﬁl%ﬁlfﬁfmons to p38.

ti o :gentlfled by a user _(step 1205).
e]@gxm oia}]lo © PRT T YIS CAQES isqising, fomgbq;rpﬂﬁ,t mformatlon available.
uﬂlh@laﬁtr@gar&ﬁg kH! di ATEPAL Br inSbrEARbA Qﬁalﬁﬁfewsaﬁt IAUZH'ﬁl?lg biological

identifies the biological constituent thr UL
PEoegspes ef the bmlqgigad F}@tqm,@rs@ambmatletxpﬁbothreﬁdnadxad]@teaa usHt can

cfeégﬂ’ ﬁ]ﬂ!:t ogxg\%@]seg%n%g l{%eengal Zdélﬁan(?].bm a&%ﬁ@ts ﬁoa%lgégg%r \glpltmon of persons
Skllltd: Imths atbasggeh toof thﬁ)dmlflplﬂ&tm@dbﬁ‘b dn@ ofl#B reledBBlources. In one

entifj.cation_of ne or nore functions is using, _
”F'glf’m&t& -l %Hhﬂ%ﬂmﬁéﬁ: Papnteesized ag playiaga role in the clinical
ORRERESHOR henhRtoll SEAHE WAA(RS <Xy mhfl‘)fltg& ma@hbge;m%y%lsab' e

in the art regarding biological process
bi ol dgicEmutes Jodekper agowtivirhdpsiofo tegtthe hﬁmthesmed effect of

tif ns. b sed
AP Pni R A oo bR 12081 b8 P R apomprer
mofielpdreadynecists for thedologichhsystarit of iftuteptdng lﬁ’cfludéé%lologlcal processes
]ﬁﬂ% (md% model .. and other relevant sources. In one
oy a? S, e%?%gFﬁ‘é?Fsle?dtWK?IVo%e’%ﬁf@g corputer model is

rdﬁ:yltfﬁﬂhe sdd7iidlogiaPproydshél ot flikiBngd kbtlaiSads/ méﬁrﬁﬁlated into the model.
out cQnes for rheumatoid arthritis when 'p38

i nhi BRPEYCHIAG therompyiar madpkis i tognpridd érmthoqn of érgrarsnore
ﬁﬁlcﬁ&%sdfttﬁevéé Jf ﬁﬂéﬁdﬁﬁ' A ﬁngdﬁgast}on ?ﬁ ARk ngrésﬁggﬁisetﬁ fag mh1b1t10n or

5 the biological constituent on each
a @@mgpugm@@) modgledbieldgimal mn‘eafs’s atsnmatedamﬂom‘e iirtion, HRE Gle

for. the bi C stem_of i.nterest
ualfeRith (Fiheh et Blisratr-2hiPy SEloe Gomblisr FpEcecte B he desree of
cdnnﬁctid’ne(s gz eick deLngétdf Qbgelaidr) BeRakh VIR Mnctih a@ﬂ'tﬁé &i8se state. For
co Buter del g modi fied to add bi ol ogi ca
1gatipy RE ¢ fgisEon isrmedeled g ydqnﬁéothp dpmee that the dunction

aitf&@s &qg Eﬂfectédrb}ﬂﬁé fisCade %fate the eQ%ggrig,ttg% cOr ul?I-' h8adi 4 I con_%gured to

a nodification of one or _ runctions
mpﬁ@l tb‘é@ff@f the ipdubition of p3$ fopdiphiticalnt fimctién Rasfanrthé Eical outcomes

r an inhibition or, .a stinulation of a
st PRI St Gl M le eBigeiSh B 1 1 ¢ e
fun C’I‘h@d&nsmﬂfb ztd&l?/sm@ gerforerE b9 MhdoniRer ot | ixp&déﬁo identify
re sented in the conmputer nodel to identif

WBJ@ thedppothesized baglagicalorepesses n@ﬁ@ggcp:@@cbmlly effect the clinical
o RQSh&! leh YD blgf%%?&bntsgﬁexg ﬁxtohﬂiréd SQ I'H]?I? :0,112 ?fl }23)3%) Jnone

state. For exanpl e, |cat|

impleta¢sationothe d@:muvﬁty anhls'md egnmes phatitizaien b Agictions tBE are

the di sease state. For

ff
as@é&ﬁ&{l witl E}h | e dt se%se Sats, ﬁi‘m;.égpnp%atlgg e psgg (@ detegnine the priority of

functlons for further smentlﬁc investigation and drug characterization. Sensitivity analysis is
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nodel the effect the inhibition of p38 for a

particular function has on the clinical outcones such
aBo SHRMYdeal cell density and cartil age degradatl (
rate. The sensitivity analysis is performed by flﬁPS”””m2”39

p L @ithrifelend dbnBba@HorsOf idedhtdwer i¥Hef R @eddfl® robustness of the
hypot hesi zed bi ol ogi cal processes or functions

| PRQItizalen, Jefsomeringtiices Senaitiyiy an@@m@ mvotmass rwﬂmrdeﬂug of functlons

bas?(l S’%%h@ﬁre%?g%?ﬁﬂe g(&r’rhte tﬁ ttl‘;‘etclg %Isé $ tg &gﬂ%ﬁ’ %}P;yms allows a user to

deacraln;&suhs imnpuwinee of p finotiéif inZied d:cﬁfﬂe}ﬂfof fHeNGidagSatk hathe ﬁﬁ;ﬁ)rtance of
SOCI ted with. &lsease state. This prioritization '

PEBIS ARt ORI Fethe REStERCE G Rroprrsction heteen Hipt fumetion and the
d Eéb%é 8¢ bBE hRH bh e
1c haracteri zat i onH écgérﬂtlg?tc\% 13%5{;%51?{;@} fS?E{’slutg b§ 3 %ed to achieve a
chppgBEIn(hG SEvErRCT tySioest §286B80a raprdrderingg a iriction that plays a more

et e PR T, Mool sl A E i Lo g i also

dengst anoesse IS@mSi, isial that aafasdtiys ithat |p|lliwy@ lavieSTe %nf)@f&lﬁt role in the disease
orderln?6 f functions based on their degree of

SIS ATEVEY BIPYG T di sease state. Sensitivity analysis
al | vy, 23 WRGWs & BharCEI0Bk - - -
function in the cont extomélﬁﬁutE 'B@fa;@%léagm gab%ﬁ pf various
pqteryel fuardensatt P38 aAfireal palientlispsiefided foteprenény an arthiiéc human patient.

VBRGS0 EOTBES IPsB R S B S

behhwitr ¢fithe vironal pmnt msaeommd virtad stiBuiR Gald Q)\ﬁ{im% asgdt%aiewmh the

L % severit g% d|Sease state. In a
5 RGeSt B e Py hosogioe 10p Hehbism ofob® Bach
vitthalsh@ulisSeAacled &) ﬁmﬁlléfé' a%lrlrﬂeté SHEOYER ofta Elu%@lﬁ!u' fuﬁgﬁ(on

The rank ordering is also done in a reversSe .nanner,
hasyreer ptest leyels of iRt ton graalsp baysodeladoEhei qurpnteantodeloh eun based on

A3, 4 S Sl s v

regpeal ty dhesclofical anicomss.  Quipenof thk vﬁxlumttsthm&B af¥f expe3sedAs a percentage
V|rtual at.i e t, i s de égesent an arthritic

Chﬁnu‘%ralﬂ Vl%lrﬁﬂ dexsity;ag gargﬁgq %gra tiopTRtE fKOén #p untygied patient. As
showp ot FESI 18¢ thefdutisiltd 6MBo vitth sARAG! BH A0 1eY dlHiatisn L %rtain

behavi or of the virtual patient based on the virtua

-

- fuggtogs pas a a?fant&ltf%@tf%cfweadbseateeﬁaw f{mondienpl&neritatiting sensitivity

a.nﬁg%% b Icﬁfn%d tlfogﬁl V‘trhﬁlcfx:it{ u@%tnn e ro‘?us%xefs Hhe results.

bition of VI
nmod dibedesudts oif thel Samsetl‘atycanatmlsa toee usadh tdoretiumthe fwmber of functions, or

I f nction, ..however, oth l.evel s of .
R Rl RS0-E: BRSNS E et ies o i ofiasirue
Cdns&t]ubﬂﬁﬁ Ghaftitul® Mignctibiid dad bbe pibAtitddSfofFurthet éﬂﬁ‘?yslscbver ther functions.
produce_a conpari son output for each virtual stlnu?

Aspihewn 1 ELGel seme modeled piglogisal processerer fuGktiopahad @'greaieeeffect on
r S rcenta
ch‘lﬂcgltn délgécln?]ésst%lﬁoé\)/tlhg? ?&dﬁ)ﬁeféa‘?lﬁ & y@r;‘ersi : a?lte WOrsE an an untreated state

lnd@grfadar(ampdﬁ rSﬁnoeywﬂ celitiamityintreasdditstipad bﬁdb‘crealé’@i THR®Mlogical
in FlLG -13.. the rtu stinmulj
TR e T TEE R St Sp—

_1d¢mtﬁe@ troal the @ésubté bLGE bdgitiitdl] hﬁﬁﬁsﬁﬁ (s¥dpPi 8 5) | lflorQ:Q nglg ¥1 one

| ement ati on, SenS|t|V|t anal YSI'S IS per or
1m§ mepiatany the pensigyrty pealyss §'3§ aedised ﬂm menbrep bfiSinness fafm over

‘100he16.e88d l@remaztﬁn,__eﬁﬁhe nu h&bg %“g eﬁ ana' ysis

are used to re er o
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- SRR shovr P?OV&@%&‘} repechiodG

25 associ ated bi ol ogi cal processes, of interest as
potential nechani sns of action of a drug.

ntly, particular functions can be prioritized
?@paﬁ%ﬁgﬁgﬂ anal ysis over other functions. As BEiBWR2004/029639

in . d. bi. ol ogi cal processes .or :
Funcl s saehingP dcFRARL BRI PR enl i HE 3P ae Mutspmes s lso

mbbeled Gtdper220). Atith dongpuadr yodelsa1ityze€GY cbsibied 8ff¥ shBilarly to the
than an untreated state inp ghat, for exanpl e, _

_ : ed g8t E&bekéﬁlplfetiﬁ@@g@@ed effect on
th€RBnibAIQfue@nedlof 8 19 REQRAERaRhe %Wﬁ%ﬂb%? afe.rh%c{"ﬁr‘?éd'. s shown in
_the greatest beneficial effect on the clinical .

Fsutldore sfigetahe ¢atebingd padioways bave drethe elinicklsounforries @re modulated

AR hysis.(step 1215).. For exanple, in _or '
oREL eelee RS R B P of S50 it 1968, s betore,
wherlhe eharbdteristiesbep3 obre hotfatly @AGwH, HRERIOURE of AdBnta0ardPmaximal

he 16.remai ni pg functions are then be further

LG5 ai%_g)&prpggat \ ‘ZO@SMS]Q The p@qqt 8@2@%@#@2@@3@ compgared for different
1e$Q5R. ) efdagilfieC 146, ,rrﬁ&lﬁleti'4(l)b,oagl|dlq‘§.hin§\§{ﬂ Z% i %%g 8§e}l%$rf{élhcﬁfferent

clinical outcones is also node _
PECRALE amoypi if indnlitigr eBhe dffectsorfipd fent add @otpasidrtd Itiar dffect of

hni ques shown above wth respect to FIGS. 7
H%ﬁg&§£ﬂ$%§ﬁ%xanple, t he conbi ned effect on the

cl i nTlethiologicabpreseseds of fitnclions a+8 Eirthen snddet BY alk8&bnd level of
re_nodel ed, . As _shown in 5 FIG 14, the

ingibit%ﬁgﬂ : ) !
SepfiFgtY anahysis 9, beinaRaW Fhin RRASF o RERFiselyrdentidy pathWRyssimportant to the
clidal BER Gt I R IRSAEt A 86he. @?%}gﬁild%ﬂahﬁaﬂ%% ﬁ%(ﬂgirdtﬂg%& S%alyzed for

i nhibition, fromzero to % as shown in C
thasffecd pa$ anhibifipe i thateativaydes en tixt diosabbutpBBesastep 1625). For

L UL i Gk i i and _maxi nal . :
o B IRB L DLF B g ocs o
sop8®idlnpichi frpcrssds or funepansele freatetliHah @R, For exahgle, th; computer
. X} 1405 i.dli.ne 1410,. and m ni num_ 1415
oo O Tb b v iock e  ereimOanei gt omy 8 of the 16
are Ghvib theostfect bEp 38f dnahé slidéal BEBoRES PhEO 8 TRIRBLE SreltRen separately

the effect of nethotrexate 1420. The bi ol ogica
Ygek&s dse oy themapetticdargets fer 1A30heFhusn tieyabehyf potential targets

Te ar Rhor i 'i.caﬁ g S€ ederimen
R8RA09 pafitlar 0 wﬁﬁ{&?g{ndgléﬁn}é}@@%ﬁaﬁédﬁ {Parin L8 2000 5

in order to precise Ways T mpor
regqijred for dmig cutlutemas redscelf antlipeioptitait i al drug. Each

‘i ndi yi dual pat hway. i s jndivi dual I. |y for 15. : '
e St BN R chplefi FrbpRacd BRE g Tiabs Shows @ method 1500
fot Rientifyiry Lthbrapeiiticaamet dfatidlogitA293temfiRh disB¥RRA1E, At B€p 1505, a

6-. functions are_lnd|V|duaITy anal yzed. I n one

F—t

-bip cal RORstiEsTH la@sot:qq@déqifbetg@ disggse staenip idgngfiedby apser. The disease

stk OELRSRSoMted Wi P BSHPIE a%[elgﬁ,t @?bét&?g?e%ktpf:c{rsfgeuﬁl%toid arthritis.

exanpl e, the conputer rode effect’o
Af stepi VilQuafirst srtof fimegonsed the Wological ahatwmentisidentifiédaAt siep 1515,
nly. f.1he 16. .are driving the effect of p38 on the
= bt foos] 1 Bio e Shlaft PmplErusiiecip sebeneh e Hrstsolor
fus@tioas. ahbinaitdbl B pReWaRE dElopSEcaplteheRe UE ihe Hidb8RhSsystem is
(step 1230). Thus, the number of potential targets
ustd| ated to a particular known biol ogi cal constituent

I s raduced-gndnLihe i Ihgg ui, r . : .

for-drﬁ% eva1ugfﬁoﬁ§§%b§%d§§§%{an %%§P%§§?$§8ggnmhonsumngﬂw‘
compyteh grodelx dfipitputs whihewempater owdéldndibatenhat forkd 63 thd Birst set of
fm'1:c|ti§ns %&ﬁg’iggt\f\}’?'at?ec?se Q ggealsg gt%te, the biological constituent need not be further

-
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for identifying a therapeutic target of a biol ogical
systemin a disease state. At step 1505, a 25 -

. biological constituent associated with the di sease
VO gentified by a user. The disease staPETESH04/029639

ev%%%tg? ?é; z? {h%%a%‘rgﬁt\gut%%tebi Igcr)w r‘%%ﬁr{? ogtgp%sok{ﬁfga(:on rﬁui‘eg%%)?dsélamd_lcatg that at

arthri ti ste

ledst 615t fus@ionaff thdufxet se0 bBfuatidol ufficidndlyiatiatts cipnditdakeiame, then the

s identified, At step 15%5, ‘a conPuter del of the )
biglpgira PRy sHBrherSViHHed A p{RAAReGUT Bh7ets Bifte: pepsitivity analysis
cah idedtifySecOid set BRRERAR cotbdpdnbRb ity §kibsePEaME BT SH of functions

devel oped conputer nodel of the biological systemis
idgifigd esiplaping stragre 1Bp@tang enig int theidisgaserstats sFey dewain applications,

er.f.ormed on the fiyst .set .of . f.unctions .using t .

sl BB d oS 112 B osf R oepaia ShopR Pt e or more
fuhditbng af e tHa et fencdibnd. N&lsh, Jeatitisey afysid i Peifb@ied with different

sufficiently affects the dji sease state, the biol ogical
copfaureiieninh theroampurrsmads! o detemminegabygmess obihg reults.

PCT/ 2 val - ic -
A&?&?}Ofyﬁ, @632 on€ g(? o? ﬁjéﬁgoﬁ’ssls Il BRI l@é’t}:t]nglf% g\{hgﬁgr the second

However; 1f outputs o conmput er node
set bibfianetions ireegnbinatmnfhas e polentialffor affecting the dggasadtate. If outputs of the

functions sufficiently aff he di  state then.. .
copter 0P st el i be P o Sl o7 SR GRS g b fploticienty

 affdoetha @Reisk GtatR tigediolople il onstiisit niedd ot bafartilye ieSalugiddas a

identify a second set of fupctions corresponding to a
therapaic ety hiovaveis i QiRuioef the ARPPYARSMSAS gadieate fhatithg gecond set of
fuRb oA Rc R BiRAtfon! sTBRS AR L FEQS Bhe disdabiEstite SRS ﬁneﬁﬁ(ﬁ&?cal constituent

For certain applications, sensitivity analysis a
are fgthen S20atqdas| atherapduia taggétn gn semp instagcdsntesting the secohd set of

Qne. or. nor f.unct.i ons of . first. set. of nctions.
s o T PRt P i e {plpeiBliof) of G Eorp@Epocel to
det@nfinegobainean sf the résikks.conput er nodel to determ ne

r obust nes f the results.. At step 1525, the secand . ..

ot S0 SHSCPLY M PP AR SeoORC 6@l Niions using
the @6/8Pkter O e 1f Rkpitd/cthé B81EpiktBr 1HOAN iR t&thalAshedf the second set of
potential for affecting the disease state. |If outputs

fugetiqns suffigionily effect fpidiscaphginte ohe bidlegical enstivesahacesapt bg further

» i : nhinat i . g v af )
e o AT B E oD e the oy it tha
leb#t ohelfunhigon efiht smbed sa of funchexsnéidientlyt edfegiztthe dosuwsw stnte, then the. .

if outputs of .the computer nodel indicate that .the . . .
iolagitegigugie i HERGRTN e Theroua it HEr SFrS P iy plysis is used to
idehfi B GltEird £ ofl imEASH BiBiRndinBen a kiiesebbthO®8eAd set of functions that

constituent 15 are. further evaluated as a_ o _
play e mppeimnastantiolfan the disepseritaten SR ARTERN anpdisationg, sensitivity analysis
R e e e e
fusheti@snilhe modbigs tanessthe Spdcifiedriewtis teng, Abr sdaapie] 5Gfkrimental data

sensi ti

B e VR e perons

SIG R 18 arfTRdQhutsl ITdhE @indhutdtdhoden RAd Othet REevaBE Quekes €A IS sensitivity
20 functions sufficiently affect the di sease state,

andlysisgp peréyyed Withodi Sercpionfizwatensefithe eomppteryapdel to determine
t herapeutic target. However, if outputs
r°§¥%ﬁsg%§g‘ﬁg§%“g? nodel indicate that at |east '
one_Ausned 15873, ofettoibidepci dssapd assdcifitad otithdhs third set of functions is

idSéIliltfittleld(,: !cinecfj tatl Q{epa{ §4%(,: }dséntggceatigh %F ﬁllse%igiggtca ’co}lshu%]entt gsea therapeutic target

- 1s validated based on the set of biological assays; In one implementation, data collected
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bi ol ogi cal constituent is identified as a therapeutic

target. Here, sensitivity analysis is used to '

[ tify a third set of functions corresponding to a

s‘ggggé"/‘%?”f he second set of functions that 25 phEYUR004/029639
se inpontant. role in the disease state. For certain

ofBE s ki sft b aarg e g bblogiml caghiudarn

atdovdAnbEwiih biitl batkbRb IRkeatdsisRewh @VEIG 18f nodi fications

of the second set of functions. The nodel er can set

t he dpeiaveRian gl of thesfupgjionplgpegationp describsdesreipeen b

1r Eﬁcnté@ﬁgdidtg%iééu‘\%ﬁilc lgﬁ'&}iﬁ'?, cH'Slh B8m ﬁt%# Bzgh&/gxle mg,)sbftware, or
edge o p

~clinical data, kno opl nion o er sohs

us¢aniieagions of themarkhe imnenport sandfe itripéencamglidser compaesr prog@fan product,

ig-tlzger [ | evant stour.gfs. Al SQ. sen itivity 30 anal.xsi S

5 BAPI BT REGSTAM ROP Y BIPQ e S At IIRRTATOB FETTIST: S8l 2

nRokpeHREaBIP Stagt Aetiet 6F il aRopdoated $ighaB JorxebdtBn by, or to control the
results. At step 1535, a set of bi ol ogi cal a ssays

ORI AR 0ft Al DHOCESSINEAPPHRING By 2 PO STamBeble pEpCESsOT, 2 computer, or

AL e 5180320 480 GO P

langhigdanelddingsethpdad bhiatesmttedlanghades garekit casisal¢sloytdin any form,
d 35 WD 2005/ 026911

. i npl ' d | | :
- BB 5 03808 R R ety CumPeR Bt G e sl it

suitablesBuseon b eodpatinbéirbhaeki ol aghsabr 105Gk daH 8B Heﬂélﬁ}clgd to be run

. accordance with gne or nore of the steps shown in Fl _
08 8TIC SHRPUIHPE AP IHHIRIR qOmPYieRs Rt pRosifeaTcdistabieipd enpess apylapls sites and
i85k REEIb 18 LonfhnfibnetivBR. €ment ed in digital |

el ectronic circuitry, or in conputer hardware, o
fir niXgthed stepk plitheanveption & be peoivbnediby onsomhorepesgraniinable
| enent ut er

B T C L —

on impandatairek gemeiating oaipti. Vleth6d gteps dan AsdHmRurfoanEEey] ahll @pparatus
.or _in a propagated signal,. for

or age.devi ce fa
OfZ‘ilé é‘t)’%f“b‘ﬁ‘ W,cbedmplealee%aﬁ’oﬁpe%@uwéawp SHCWHHY: Cefht 8 FPGA (field

PRICRERED & Sat@ RRE) Vr 4 A STC YapplifadtinOP TR SraRl RHESIHOT -

a conputer, or “~‘multiple conputers. A conputer program
can Becegsers suitablefog e axeeutionfof pcompatenpragran inchidguizsgway of

' ' ] ' L Pl Lanqu and it N
L AU SO B I8y Hor proceson
oSamyridaddfohgita cogpater. oGerrsally, aprhicksor edlirpseawa instructions and data
frsubr ou(f i ne, or other léni-t suitable for usrgﬁi na... -

B WL S e HERCOR 266755 A5GROrY 06 §F G 8 fosgtial lements of a
céigpltersesla R cBRor R exRUtRNRSERIRHE 8hd Bfic &M IMtdnir$ devices for

conputers, at one site or_distributed across multiple

SteppRpsigaiions addatdnHensraly. pompeionwithilseinichie mstbewprratively
c%l.ﬁ)lé}ﬁ& edive WeRS g of H%}sgég\{igﬂttéa,oor} boftl Ogg of? %{o{eﬁ%&g %to?yge devices for

€ of nore progranma I 0CeSSOrs exec
stoongddi® e. gamagnatt tiragnetof apticalf diske! orosgical difise fosasioniarrers

b erating. on input data.and generating oqutput.,

Rigblfaor ST ing AR ED PREF ISR [ EOHAHRRS 3 CatanelisAl bors of

néH-véiftfe HBMRIN, I iREuGIRB b Srak/ TP LLARNE 8EMABnIRAE Thdthory devices, e.g.,
urpose logic circurtry, "e.g., an FPGA (field _

EER@S/},%@%@, Wl fash mrempory é¢viegs; m@p@tic disks, e.g., internal hard disks or

Ty vy T NA A —

arg thg mamor yncantbeesppplgmeatgd b, or incorporated in special purpose logic circuitry.
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exanpl e, both general and special purpose
m croprocessors, and any one or nbre processors

anys 2lisdssat digital conputer. Generally, a pro ‘
will receive instructions and data from a rea&%ﬁ?{;‘"“/"”(”

MeNoTY pRivide foAMEEPIBRE GEGS ﬁ@ﬂ‘i’l‘ié’ in9éntRAlAn bd fplemented ona
essentl al elenents of a gg_uter are a rocessor fo

copBE e aflisarcdavissse- anel CBe(caihosoray tnlm)mr ycab@uqumrystal

r L :
dl%%ﬁ%)ﬁtﬁg?w\?\n jl’ F Hig a S%IBF ncl u dagl,%n o ﬂb elg%rgaél d gfke\y e?a)fd )‘l‘%%ﬁ BPiggne device,
€.poamenet vea tatkhall, iynvideh the assfoan petadide put 16 Ithebﬁb‘iﬂpute@ N©ther

e. mass stor devi es for storing data. e.
luﬁgsgé? c[evbces %)gl?.[ael{s 3 g’pHTPY}QP gilRteraction Wbtbtal Usgy asgyedlc §or example,
febda@k BRsvidal t6 A s8f Gin b8 Uh{ BRhFof Rhso ?ﬁ?é%qyéc 9e.§ oo}gpél%éedback

program i nstructions and data include al
a%ﬁ%@?@%$¥érmfﬁedhaﬁblmd et rpmky usdr cax herpicelved in any form,

m%ﬁﬁh%% 1E°s:?§5%"§;rt¥ctﬂ§ﬂpﬁ\?s e.g., 30 EPROV EEPROM |

and evi ces; rmgnetic disks, e.g.,
i nt efimainvémion cdm Bé(ﬁnpiémemedrmwa&ﬂr@lﬁmﬁ léij‘stem that includes a back-end
netto opti cg di sks rﬁ%d CfD ROM and DVD- ROM di sks.
°H1P%nﬁ? o&Es dF 2t 567V einr Ry Pdesahmpsleasp pemRtcat elgy 2
applichtinQe AR, Jr @kt IR ILIBE Gl ffnt-BYd BRSForleRYeG G
p\?lb 2005/ 026911 PCT/ US2004/ 030639 5‘%89% Vi Crh%#ﬂ golutputer Having a

grapiigd yseriipisriage a7 2V el bﬁOWSPIHérqugh eviti¢lomusea pathimteract with an

BT O OPY Ry PRl Y e,

froiitspl &ynpommits, GFhe cbmponbrmﬁfa&a: E]_@tdnﬂ taor ‘tﬁﬁaihte@cfbnh@ctém any form or

%@? lget board and a _poi nting devi ce,
mﬁ%ﬁgle gl% ¥ é BRP G- @rFormRaden @SW%IF oE%@éPleS of
cdm&amhcitmntdaﬁw(ﬁmumé 8 1cfaah§éa ﬁet{%ﬂ@iﬁmﬁu gaNd & e Rwork

. to prowdefor interaction with a user as we
(MNe)xﬁﬁplﬂé" Interpebdback provi ded to the user can be any

F Or T oL Yyl LA r s SURlerd SLARAR KNG server re

audi tory feedback, or tacti back;
gankrally semote dronbeach other meijtypma]ﬂiy] intéract mnrouglln e bmdiermtlon network.

c ech or_tactil The invention can
TRERNESh i SPARR e Forvifities By v ol oA PR umgng on the
rek;mkveftdnpulé}s esReRey cheﬁt-gsrverétélaﬂoﬂ;ﬂ;ﬁto%ﬁéﬁ/@ther or

that | ncl ud m ddl ewar e conponent,

appl |Atrhff’ﬁa8¥1??es%f|°6‘% suchqypg pf-ompyar ishowa lﬂ%é(ﬁt leniG. 16 shows a
sySRIMIB8Niagr8mbr a c@mf){n!e? BlstenP TG tﬁ% t AR %\%ﬁ eﬁi% 1Y 'rc?agce with an -

user Intertace or a browser thr oug
erpbadimentef hetinvintipn. aﬁhe ¢qmuemmstaml 160 a!ﬁclmdu:e alpmsﬁor omz, a main

f k- end
oS SRRLVA OBl SHED oBRSKHE Wi ) TG B, o comone
sybtem 606 ais0ndedeed vmeo amsla‘vamm 1608 1&g e diguia &i}sudld%ptﬁl (“LCD™) or

ni cat 1.on, comuni cat I on net wor
%ﬁ%ﬂ%ﬁ%‘/ ¢ CChravdlivp e orb hich evisprstartese eepebeadlsmiemd The
coﬁ{p%@e* gec kod fukAN' ﬁmlﬁ&«% ﬁrr}j\&ﬂ%emﬂﬁ&ﬁ ﬁ@&rﬁ"&ggiée |1%1(}’\f}gée)z

he Internet. The conputing syst
keé’b%ﬁﬁ)s 8 canser eairokedayiceA6¢L (ept a amdse;ea disk deveunit 1614, a 51g11a1

o e from ther a _ |

S SRR TR R RS R R ns. ek e

unitel6at iigihsdes p compwki-LAlaAGhesiamy 851 Sakdri@SsoRWar ddde @68 that
?rlrgut er Er Qgrans r.unni ng on the

implements processinig according to some embodiments of the invention. The software code

1620 can also reside within the main memory 1603, the processor 1602, or both. For certain -
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respective conputers and having a client-server

rel ationship to each other. An exanple of one such

type of conputer is shown in FIG 16. FIG 16 shows a

WEFPOICk di agram of a conputer system 1600PCH&S2004/029639

can be operated in accordance with an - enbodi nent of
appheatiphy dit sosivareersled gAY anehe tsapsimidted 06 Oepeivise Vit ngfwork interface

or 1602, a main 25 nmenory 1603, and a static

(m9k8§§ﬁ§1604 whi ch are coupl ed by bus 1606. The

c 0 nﬂﬂteenvensys henbets @lescmlbsd)xm teghsud gertecular ateplenhlesqatia;s Other

I : %?glggs %rgy%{lﬁ%ﬂ'l e/s¢ u )th g@tﬁ%@)cﬂ%ﬁ‘l a}épr(c#igglg e steps of the

mve%ﬁbn cAl B¢ p@ffnedn Q @iffddnp balteshd stilleichiROIBEHIAble TYEItEM
1600 further includes an al pha-nuneri c input device

1610Vhet igclaimged Reyboard), a cursor control device 1612
(e.g., a nouse), a disk drive unit 1614, a signal 30
generation device 1616 (e.g., a speaker), and a
network interface device 1618. The disk drive wunit
1614 includes a conputer-readabl e nedi um 1615 storing
software code 1620 that inplenents processing
according to sonme enbodi nents of the invention. The
software code 1620 can also reside within the main
menory 1603, the processor 1602, or both. For certain
- 37 WD 2005/ 026911 PCT/ US2004/ 029639 applications, the
software code 1620 can be transmitted or received via
the network interface device 1618. The invention has
been described in terns of particular inplenentations.
O her inplenentations are within the scope of the
follow ng clainms. For exanple, the steps of the 5

i nvention can be perforned in a different order and:
still achieve desirable results. What is clained is:
38 LLOYD WSE CLAIMS 1. A nethod of identifying a
therapeutic target of a biological system -

conprising: 5 receiving a user identification of a

bi ol ogi cal constituent selected as a potentia
therapeutic target for treating a particul ar di sease
state; receiving a conputer nodel of a biologica
systemincluding a plurality of functions associ ated
and operable to nodel one or nore clinical outcones
associated with a particul ar disease state; 10
receiving a user input nodifying one or nore functions
of the plurality of functions affected by the

bi ol ogi cal constituent; using the conputer nodel to
performa sensitivity analysis on the one or
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nore functions affected. by the biological constituent

to identify a set of functions of the one or nore

functions associated with one or nore clinical

out cones; and 15 nodeling the effect of the

identified set of functions affected by the biological LLOYD WISE
constituent on the one or nore clinical outcones. 2. A

CEAIlsl of identifying a therapeutic target of a

bi ol ogi cal systemin a disease state, conprising: 20
receiving a user identification of a set of functions

1% B oy AT b8 g Gl 0,

coenprisiigdlg user input defining a nodification of the
function, the nodi f_#'_ca_ti on of the function
cor MESPYING; Hyselidgntification ptiabiplagical copstituaat selactedas a

PERRRAURraboTC aaToflreblifo o HAFIGAS osbat: SRS

f ungeceimingta cpmputerenadelofpebivbgicab system mebmingagdurality of
w th the function;, and.conpari t he conpar.i son out put
fiions $5508Re 3 opgablee Hodehanagr e HinkeeLppicsmes
asbeciated Witle aGReIaF disRESS stR@r esents a plurality of

bi ol ogi cal processes of the biological system and

eac HeeeiMing; HseF inpHbmedifying oneueronpeniinictons obthiegplucality of

b8 bR 2R BloBicig el ilBiEeccs. 4 the ot o
of wsi#ignhd corputer nddet te petoinea sEMRivity APERERNGS thd8ne or
lurality of biological processes using a plurality of

erfunetiansAffacied by dhe biclegicalanstituent i idestify a set of functions
of il bh& B} ﬁ‘?ﬁnétib‘?msféﬁ%ﬁa‘?éq WA RS rﬂSF% Ql'id?«?alaoutcomes; and
parameiric change I n at | east one mathematica
r el anodelingftheteffgot of the idgntifiedsetiof fanctions affdctéd byshe

5. The, net hod of aim?2, wherein executing the
oRieditsBrisdhiart baihd Il o e Sisfed SUEaED: | { e
function includes running the conputer nodel based on
10 the nodification of the function and in the absence

20f thmenetRed of dentifingpa therapeutio targetefa bistogicaltsystesein a

dgea%@%‘féﬂe"ﬂémpﬁsin he method of claim2, further
conprising: runni g the conputer nodel in the absence

of aegeivihgtzhasemidehtifictioarss acdet of furidiiens &f adfiological
functions tB, ;rrodu]ce t he baseline output. 7. The
CRBEHHANGP' 2 Plolegical sy§iaMeANConpr i sing: i denti fying at
| eaghr O4¢h funRBibh OF tHY sdtF faRdtiddls, functions as having a
receiving user input defining a modification of the function, the
modification of the function corresponding to one of an inhibition of the function
and a stimulation of the function;
running a computer model based on the modification of the function
to produce a comparison output associated with the function; and

comparing the comparison output with a baseline output.

3. The method of claim 2, wherein the computer model represents a plurality
of biological processes of the biological system, and each function of the set of

functions is associated with at least one biological process of the plurality of
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difference in its associ ated conpari son output with
respect to the baseline 20 output. 8. The nethod of
claim?7, further conprising: receiving user input
identifying a set of biological assays associated with

the at least one function; and 25 nodifying the at || oypWISE

| east one function in the set of biological assays to
biglegital probBssdy. ol ogi cal constituent as a therapeutic
target. 9. A nethod of identifying a therapeutic
target of a biological system | n a .disease state,

co S t

42O g AR Wb s BORGOR SAbo 9B 1R

phirality @f biplogicapprocessesusiag @Cplatailty of inatldmatiias eelations, and
I dentify t he bi ol ogi cal

state and

d@ﬁﬂ@sitﬁﬁéﬂ?d'g{%atm ﬂfgtwsigeﬁtloavae'uﬂps RS pagFmetric change
iHP?Pingt g_ 2 itRERRREs! reliRRtdfitié Pﬁxrél.ltz%tf n‘i’éthéHﬁ%h%?atlons
of the biological constituent; runni a conp

rmdel in the absence of a rmdlfl cation of the set of

ScomtecrelaLef alLa” BBt SHoafiidiiel oot odkpaged on

thel Adifitatioh ©f BRé tiftion i8E1GEES niMHiRy the &diflp Qfé'f‘%dél%ased on
t he second output with the first output to identif

y

they mqsﬁlftﬂa@gn «dithe fgetiontanshin the absemnes abbermedifisatien of any
ﬁ%r]fg ct hs%‘i‘ o??urFénéhé“ 9, wherein identifying the

? og cal ‘processes includes running the
conputer nodel to identify the set of biological
processes ntrlb ting to the occurrence of the
Bdi sglg@em t%ﬂ@ofcqelnﬂ Purihégﬁem%'amf claim 10, wherein
L he rGRARYIRE coRfither ABHEFRATH R ' ificati

|olrog| cg proc sseés op Iﬁ %Iags%g‘#%gfé@é{g{% mtoﬁglcgté?ns of

the sel of fugcticrs tomrodass#se basalineubdput. of the plurality
of bi ol ogi cal processes, and running the conputer
nodel to identify the set of biological processes

71 nclTudepieticd ofedisim R flrdgr eamppispgess of the plurality
of bi ol ogi cal processes, 20 running the conputer nodel

bas ddETRYIRg A dpast onei functian eftbersies PhiNcipns gsdwaving a o

- dg‘lfé??H&?|rf"‘|t§9§'&?cﬁét§8rbo?rwdé)rlétonao9(ﬁ8&' itE e epehtd fhe baseline

ogi cal process,
output.

8.  The method of claim 7, further comprising:

receiving user input identifying a set of biological assays associated with
the at least one function; and

modifying the at least one function in the set of biological assays to
identify the biological constituent as a therapeutic target.

9. A method of identifying a therapeutic target of a biological system in a

disease state, comprising :

identifying a biological constituent associated with a disease state by
identifying a set of biological processes associated with the disease state and
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conparing the conparison output with a baseline :
output. 25 12. The nethod of claim 11, wherein LLOYD WISE
executing the conputer nodel to identify the set of
bi ol ogi cal processes further includes: identifying the
set of biological processes as having differences in
their associated conpari son outputs with respect to
|dehﬂ|fﬁﬁ§ e B%Iéﬁléﬂlﬂonsﬁ@eﬁgas B@ﬁd@é%@%t@& vilhathe! s’e% of
wher'ei n the baseline output corresponds to the first
binlegioal. pracessesyD WSE 14. A nethod of identifying a

ot 2 thG A S s drin BiGieTar Sfblede” o' °°°°
i demtihhinga s@hpofer phadel gh ¢ad alpsereesstesmiodication of the set of

contri bute 0 an _occurrence of a di sease state, the
fungtiogs to predifecafirstoybises 5 being a subset of a

pl Urré‘hhlhg tRé cBhiHLASH ﬁﬁhemm&?gewht@ﬁﬁ{chg% (@? tl'(;i"!i‘f set of

bi ol ogi cal constituent associ ate
furadioogite prodyneca sesard outpaititarfdyi ng a set of functions
of the bi oI

ical cgns |tue t function o t he .
Set Brrots oabi pbthiran tedhSlouthitl BBall e dological
cBh&titaehrad aﬂh&@@éﬁt.@ia@b? 10 plurality of biological
processes; running the conputer nodel in the absence

of a nodification of the set of functions to produce

. LUNRI le.b d
1B, TR BB AP, ARelelF BRI I B 3505l pcgsses
nﬂﬂiﬂte’sdrlmutrmm;e cumdplter mdﬁéfﬂto identifyetheee® Bf biIddItd] phbédsses
e first outgut to identify the biol ogical

a§<9ﬁ§frfbcq§'89tt°5 e QeewEengRot 'ihé disgagerstates. A product,
stored on a conputer-readable nmedium for |dent|fy| ng
a therapeutic target, conprising instructions
1dperldiel reethmd:dusleinmﬂrwgemimﬁtd eom@Gtep noamded sepresents a

d I bi ol pgi cal
Pfit 8y of R RER I BogPBtieRs ugeRefsidin, e St tlbaical
pfddeskeyiig & abset d)ﬁmb;pﬁurahiyebffbléléglc}ﬁl ﬂSr‘dé:éhséé Al Mﬁnlng the
representing a nodi ation of first function of

COMpIUERY] raaﬂelct@nd@nttfmém sef ofthieloical picesses incluges: 25
defi t Vi I uaI
Ce! WA aSRAe e ubEH Ry S EiegRIGu e
funct i aanaing the ckmnqblﬁgr aridet basdd b @nhodification of the biological
process to produce a comparison output associated with the biological process:;
and

comparing the comparison output with a baseline output.

12.  The method of claim 11, wherein executing the computer model to identify
the set of biological processes further includes:
identifying the set of biological processes as having differences in their

associated comparison outputs with respect to the baseline output.

13.  The method of claim 11, wherein the baseline output corresponds to the
first output.
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run the conputer nodel based on the first virtua

stinmulus to produce a conparison output associ ated

with the first function; and run the conputer nodel {|oypwsg
based on the second virtual stinulus to produce a 30

conpari son out put associated with the second function.

16. The product of claim 15, further conprising

1i4i[‘StA Hith&d of Identifyirg biYapbliEtaryeesta B)blé’éicélZs?%ferﬁri‘r?a

of the first function and the second function
direasagtatedcomprisinge in its associ ated conpari son

ggt p%{egmiﬁ‘ 82}%&%@%%&?@@%@& %ﬁeta&%iglgtgica?prlo%esées that

contribuite to a8 ddabirensedf disdaee statdetid soti sfdbidlogical processes
therapeutic target, conprising instructions operable

being-agybset of i BlralitRbPBIggierl Rseessses: receive a user
;degaéﬁttfgiﬁg'aotaﬁfggigm@oﬂgf&%bﬁgé?sfcg&ohrﬁégwme}%g%%ﬁo%aéal

otenti al erapeutic targe reatin
ppacdsses] ar di sease state; 10 receive a conputer nodel

f bi.ql .oqi cal i ncl.udi | | i f .
f uncer R Ses chitaCiiny s8¢ bifeSied) dstttideeash fupption of
tiké 581 SAUnBHdIRPPEIRg AAsoeated Wilh Wt Iébs@oﬁg_rb]tj?/l?gicﬁf process of the

di sease state; receive a user input nodi g one or
piarabtyrafidelpgical procersesil ural ity of functions affected

by t [ i cal t, t; .15 performa, ..

o ndPinBot 8 SetiupMBHel HaRs apsEpest 8 Meditiatipnof the set of
faddtiopead prydiidea fibdtdudgitcal constituent to identify a

set of functions of the one or nore functions

assddnaingdhaicomprier modabbased omtheamogificeline of theaget of
| i tified set of functions
ﬂé\rw@gtggg p%%(ﬁ%&%&?gﬁ%gb@gt, %ﬁstituent on the one or
nmor econhparingathemdcoadesitpdt3with the first output to identify the biological
constituent as a therapeutic target.

15. A product, stored on a computer-readable medium, for identifying a
therapeutic target, comprising instructions operable to cause a programmable
processor to:

execute a computer model of a biological system in a disease state to
produce a baseline output;

define a first virtual stimulus, the first virtual stimulus representing a
modification of a first function of a biological constituent of the biological system:;

define a second virtual stimulus, the second virtual stimulus representing
a modification of a second function of the biological constituent;

run the computer model based on the first virtual stimulus to produce a
comparison output associated with the first function; and

run the computer model based on the second virtual stimulus to produce a
comparison output associated with the second function. '

16. The product of claim 15, further comprising instructions to:
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identify at least one of the first function and the second function as having
a difference in its associated comparison output with respect to the baseline

output.

17. A computer program product, stored on a computer-readable medium, for
identifying a therapeutic target, comprising instructions operable to cause a
programmable processor to:

receive a user identification of a biological constituent selected as a
potential therapeutic target for treating a particular disease state;

receive a computer model of a biological system including a plurality of
functions associated and operable to model one or more clinical outcomes
associated with a particular disease state;

receive a user input modifying one or more functions of the plurality of
functions affected by the biological constituent;

perform a sensitivity analysis on the one or more functions affected by the
biological constituent to identify a set of functions of the one or more functions
associated with one or more clinical outcomes; and

modeling the effect of the identified set of functions affected by the

biological constituent on the one or more clinical outcomes.
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