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WD 2005/ 026911 PCT/ US2004/ 029639 APPARATUS AND METHCD

FOR | DENTI FYI NG THERAPEUTI C TARGETS USI NG A COWPUTER
WORDEI28ROSS- REFERENCE TO RELATED APPLI CATI ONSPTHiUS2004/029639

application clains the benefit of U S. Provisiona

Application Serial No. 60/502,333, filed on Septenber
APPARATDES ANDAMETHOBrEOR IDENTINING THERAPEIHWCEARGETS

its entirety. 5 IERRAGOMEUTER M@DEL on of the

di scl osure of the patent docunent contains materi al

that is subject to copyright protection. The

copyright owner has no objection to the facsimle

reproducti onCROSKREPARENCH 16 Al RMED dePUIEATIONS |t
appears in the Patent and Trademark Office patent file

or Th:s@ppbwpds;lalma thedenefita{d6Sr Bowisians! Applicatipy SeigaiNo.

60/5@%,3 g% 3@@ F?Mq%%é‘gleﬁa; élfcgginc%ate%ﬁ% 5eference in its

entildgv el opnent can be roughly divided into four stages:
di scovery, pre-clinical 15 testing, clinical testing,
and regul atory approval. As part of the discovery
stage, a bi ol ogi cal [deo be identified as
a therapeutic target at can be nodul ated to treat a
di saametion dTuhe dintlbyure bhthe paentdauynent eaytains muatedelsthat is subject to

sj gni fi cant stacle.to th deve nent f new., drugs. .
comggwr@ﬁtlale + SRS EPIFIGht umRsT PRt he ﬂb iy fﬁcwlgﬁa&g@uﬁwn by
anyotRBE i Pfertt bdumPeht dRtie, @z{r‘s Yiethe PARDY §1'1d"’graﬁ§1ﬂ91‘19 G£fRB Patent file or

proteom c technlques | e genom ¢ and proteomc

recotdsc butiothearwise aeseres nakllcapmghhagg@sx/hatﬁogme and protein
expression data with a di sease, such techniques are
often incapabl e of independently and directly
identifying causal relationships. In other words,

changes caused by a di SBASEGHOENIxannot be
di sti ngui shed from changes that cause . the di sease.

Mo l8g pEssent dpramtion &%ﬁ?we@ﬂ&fms therppratic feRif-ct how
h -
el FLCAINE R A 00 P S0 S i
testingrobinizal testing, afid egthlaony apgoedlf estped dfthadibeaviengstagsl a biological
con SR Bt e AL TR 0 LSO L0t e,

Cunreﬁﬁﬁ Qﬁ&ﬁ@éov%ﬂr étgﬁrﬁrbfllﬁescﬁéi%ﬁ‘ilﬁcﬁlﬁld%%ﬂa@l@ft@ {HedevBlopMent of new
ophysi ol ogy of a di seaSe and to generate a

dn%ﬁypothe5|s regardlng bi ol ogi cal constituents that can

Ak E el oL RGP SBE et TR o bl Bertvea

usin ?@ﬁdﬁ%@ﬁ&bﬂﬂ&ﬁﬁﬁ tech@ijies. EWaHilE gBiisthitesid Heotv@tic tadhmitiles can
data and can be tedious and unreliable. The costs

COﬂﬁlé@Lﬁhﬁ@?SﬂJbgW%éﬁWem axpIsTipg dpfawiby aidiscase syal leshnigpes are
ofteff ﬂﬁﬁﬁ%‘l’éoﬁﬂgep endently 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 regarding biological constituents

that can be modulated to treat the disease. Such attempts often require the researcher to
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continue to rise. The |large nunbers of drugs that fail

during pre-clinical and clinical testing are a
weiigusickéaaant contribution to these costs. I n  PCT/US2004/029639

particul ar, about 53 percent of drugs fail 5 during
acqmineens] synthshize vastamatmts of dats and\cai lgmecﬂuouamd yrrelfebid.i on

of t.hese fallur%s ari s fromlac({< [(lcac as a
P TS W R R r BRS¢ tacimots and
coniifige WUkl The BirgdniliBiaPLMupSthat f&ﬂgﬁhng @fé amich faﬁ&&lﬁgcal testing

by, unexpect ed systemw de effects associated wt
are g sighifieantronipdukion & thesetastyi daparticwles sbeus %imrceumfeda‘ugﬁall

0 dundanci
A R e L
effitary ph ecsultaf pﬁﬁuinlgtlmppwﬂriamelfap@ﬂ”icdangeﬁ Mhe 44K P O£ b Gbrapeutic
s .an contrlbutetothe ultimate failure of the
taregt {?gsbed*gﬁﬂ bismaexnerty susteraride pifprtt atsogiasd g a complex network
ofbﬁgagaeatgrsaagéels Yhat ﬁﬂ&@?ﬁ% BEmAPHSsidiskt FoRREGHSS &arsﬁggel ]

used I n the drug devel opnen pr ocess. ut er
redumlnncbg ahdfregidatogsieedmck ematny neechatésos cdmerdadt o triodecular

oG B SR R0% 0L 10 Bl il T of e
drugs, 6D 2O clikad] @h8 eniehl tadting, U- S. Patent No. 6,051, 029;
Thal hamrer - Reyero, U. S. Pa ent No. 5,930, 154; MAdans

et %qnventwnglly,pgpmuier mpdegng;‘@thggqes cgn hk u@qd ia |the dryg gevelopment

progs e iy kierie e e ol Ui e fowine

pubB&dtidrct Fitersomt et lalS au. SePataht No FCO7 8E73i0t Patadsb@Bt ANQ U. S"@atent No.

@@éﬁgs Wn al PCT Publication No.
6,063k Batason g pUFS diik Noy 64p1 02$>é°haﬂa§mm%d%qysw, K6S- Ragsnt No.
5,992 AN QO'TPE %‘e[tlrg‘?ktﬂﬁ"g%flg{sﬁ%‘lhk QH«ilarU @ al

syst errB are deSCI'I oW n an
5 8Q8c91|BeEnhikmga]pdf SnPatarptﬂ‘{Id.da&SﬂdtSﬁ Pet(a‘sd)ryeteﬂ BCT Puaahcatiohe@b WO

99/2&%@%1}19%%9%%& ?‘E@?ﬁﬁ%@iﬂ@ Ny R@/ﬁp?@g% oSt PRE,
Publi€dtibBNS IO 00745893 %dh@fﬁna& et%@oﬁcfrl#uﬁhca&i%ﬁw& fWO%/O97706

Publ i cation No. 20030104475, publ i shed on June
2063%1)%@%@@&9( perticalar biclegival spslemsre dostribed in the following co-

owrf@eﬁl caki ?%Jﬁl? Fral Bm&m%g? g%glyféglg fiﬁg%%ﬁéhﬁgﬁf?‘%é?pmaws for

Conﬂﬂiﬂf& Mbdefing ofpip IAIdapli\teCImrﬁktM Re3ponsert UNS, Ageﬂﬁﬁ@ﬂ 8¢84 No.
and_Brazhni k et al

10335 060 onaenas. 0 %égggﬂwﬂ%fu@mﬁm S i g,
pubﬁ%h%@ Sh&ene 5,9083); 'ﬁéﬁjah&lﬁ{t dt %[]j ezx?irtlkg ‘II\/IIeMBd ahd A%égxl’alﬁgsgﬂ Gomputer

on January 9, 2002 cation
Modﬁdlng aoomoomzyspphcpmmi Searfab oo h0/M64,£28, Zﬂ’ed aopiy 22302 (U.S.

UV T N T

enti@EINIgRb@an A #p@aﬂg fE RhRAr N B TRt Vlsa ?)b)lcatlon Serial

stems, Entelos(r) Metabolism PhysiolLab( r) sys

No. SHBAEAT bifGe] o1 Tmuridh 308 G S0 habiaion ablsrsbion SomBOri9058245
pubﬁgﬁgggg ﬁ@hﬁ’? 2\()65 dat ed. Exanpl es of techniques for

on are
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5 described in the foll ow ng publication, "Apparatus

and Method for Validating a Conputer Mbdel™, U S
wappisioeedii on Serial No. 10/ 151,581, filed on MrgTA82004/029639

2002 (U. S. Application Publication No. 20020193979,

pulldnshediatly aReitabihermpifcr RGIRE) of bElviidat\Systems geenevadible

inclpipg PR i, BResir v Somt Erisdee oD Bhyeifab® systems,

and%%él&ﬁ'AdP@cy'ﬂé?C dabPglsudas receiving a conputer nodel
a biological s stem t he nodel includin

a
pl Uramputer mdqlﬂ)@elbepaabdﬁs@ eExarquiWe@émhnnglea?qglvuhéatmwe

ces e 2l )G pRERAREE 2URaPREACehSa 7GRy Sfomputer

Modﬂdl’s Q.aS eApﬁlEUaﬁon Sheal RS N0 51,981, Utledofi BT 16, DGOLEES. Application
i denti %bo e or nore bjol ogl cal processes of

[
PUbll?FéloﬂNR 399@@/1%? ipgPloghed an Deeerelerd@s2042e one or nore
bi ol ogi cal 15 processes being identified as being
associated with the one @uNRigre¢!inical outconmes. The
nmet hod further includes rmé\@/{/l ng, fromuser i nput,
ondn genaraly m cp&raapmt eghsinventidnefeatorep ateethodwitidentifping aﬁberapeutic

di to th
e g G oRR T afb g0 e s BCECtS T RPorA A Ehef 2
biol6 GBIy SEmMBEehodes indBidirdyen praghlity StnHdM] prREeses rd‘p@éseﬁth% a plurality
one or nore nodel processes to produce output val ues
of birdeiral mgpcgsrss and apmrable fa mpdel lone or wercdinies] ortemparasserdated with
a paiﬁjcgltle{}%ﬁsreé%g%%g 2‘?%% gl%ﬂltold niﬂlﬁlcgs 9‘%1:%%@1{6% lgs% %Ief;ﬁlg/g]g. one or more

blolé@ﬁ\tarlira@e@@ $)ftHémlﬁ’@fﬁt3’tc£ﬂbllc§16§walfprdid’¢§seBﬁh€ Bhe &nnmdjiudgical

one gr mpre of .the foll ow ng fe ﬁtures I dent| fﬁ
progspses Beingadentifisd as being aweeiated with the ene eempredlinisa @utcomes The
method ol BLRGERbIfying U Ribrifbul e O HRS pHESER in IZcomputer
modbs farmob odmopr medelipngresdee coxmd:qpundmgtm@s oas oamgra;lhmtd‘sdd
. jout put for th one nore clini
biolgie oSt B Ry e SO AL isingdb BRI EH PR etfcs or the
onelop ﬁlowﬁo&eqqﬂ%wsﬁ@ 16 Bfoducd QitfittvaRles MdaE@REsHd & n&@}é @Rical

for use as a therapeutic target for treatin
outagimesad be gretrod furtherdneludas gdena%am AN oS! ﬁec}]muodﬂ processes as

t can include receiving a user

ap&e ?1afﬁ§féééﬁl%ﬁf&%ggl cal constituent operable to nodify

a fAdvahiageowfimpleientatighsaf thp iivestich indkidé bh¢ emes offtl&Ofonowmg
potential .therapeutic target, recei VI ng user. in
featiiige oldgBi BRERcOT FRRTE Fradshipressre fem inclisicauRYiting 1teh information

i i
S 0 oS08 DL Bl o
inclnde@boviding the oetphiectluasfas atgwnhmdbbutpmtrﬁ;r ihiewan or oror¢ éinical
ot ThE BleR iR gs rocs B ERA Serar it GHat L e lop g fXigpining cach
potenfig] tﬁé‘tﬁp&ftlc"@ﬁg@t ﬁpﬁﬁl as aﬁh&ﬁﬁéﬁﬁ%&a@w f@?ir&ﬁm%yché &@ea@@ Qtﬁ{e
constituent on the one or nore clinical outcomes.

mcln@moaxmmmgﬁam tetepialiteragnentc tangetspn instudgfreqefiang a user identified
blolgéI ?Llo(:%h&ﬂ{lel’& %géréblte YS$Rtod atfn&tl%ﬂ%f grblcﬁgélgal%r(%e%ﬂd&%ﬂed asa

comes usin |olog|ca assay
potential therapeutic target, receiving user input 1ncorporat1ng a model constituent

representing the biological constituent into the computer model of the biological system,
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In general, in one aspect, the invention features a
nmet hod of identifying a therapeutic target of a
woialsogéaaal system The nmethod i ncl udes recei vPag/U&2004/029639
user identification of a biological constituent )
modglingibe effecif shpopdel corstitudne pa ghemie or mprgprodelqrocesses assoclated

..treating a particular dise €. et t
witi R o eRBhlo i B ARG BRI oL B g B more o
proc8346d £ffedtdiich it Mghdal dddhstlueritadnl thy ond of etdliaital outcomes. The
associ ated and operable tqo npdel one or nore clinical

methagican fsdudeagdigating the cifpetief Sregiplopical canstifpen gadhg eng g more
clinidd) Sulfph{le %si'ng%ﬁéi?géalra%é?éy' ng a user input modifying

one or nore functtons of the plurality of functions

af fregéreehl iy dnb@spzicy kleginealtion fentsies b uestliad offidentifyihgd therapeutic

i ncl udes .usi ng the_conput er del t.o forma.. .
tarztof aPidlogiey sy alinygfihg mr%bpdt lﬂelﬁg??gf_es?e r%éw?rﬁﬁ]@%at}f_t?ﬁ%on ofa
bioli%{::ﬁ g?&%&éﬁﬁt Lt 2l LHiGflal GRAPEIG GGt IR tleGiRY 4 pMtiBular disease

15 functions of the one or nore functions .
statea SBeanethediingludhs tsneiving axengutdrinmddehof pbiogimabsystatn including a

del.i.ng,.t he effect of the.identified set of. funct,i
tordIRy SE R aehe SR Lol fBbe S8 o B i hbahas
assobfafed vkl Np&ibulatidis&ude statel IThe@dhal inclubesabeitinp @Giser itpg
invention features a nethod of identifyin

. ! g a C
modgfiymegneer more funchens offthaplyraditoel dactiangaftesied Ry ghe biological
i T . ' ' ti fai : .

confhRSE S Pbfh S i TRLRE I DO Sl BERLERAR Endbity analysi
on i @leagine@k fisncsivasaffctiel byethh dbibladisd comtituedew identiy atseinef

a conputer nodel [n the absence of a nodifigation, of
func{ifes Qldpe gre pietS TyAions 2SSOF BHFd Y oS Gramors § Bl fpmes and
mod%?%ﬁk'e@ﬁctt SBHERIRRYEET scPBERhc AR 8084 bl e MblokicaPdonSituent on

0 e set of functions to produce a second output.
the dleeor medrh obnitairdub@mesncl udes conpari ng t he second

output wi.th the fi out put identify. t o .
oi OF et Bt aepech b PRl flpisf Bthod o fenitving a therapenti
targSVTAAGlogicll FRMNB BRRQCH ate.! MBe hdWRAhONdd ddntifAfg 8 set of
met hod o_% identifying a therapeutic target of a
funations ofy biglogisps eensfituentofthe bigngicnl sstem. THee methied @lso includes
I ncl ud C UL C teer . ' ' .
exeeyfii HPRuES o T B SO MR P iob S SR} bf nhicif o
produe€ B firgpaeudind &teuiithSibasempiiet moddltasaidn thé modification of the set
bi ol ogi cal processes is a subset of the various .
of figicHprgloapdyse geeeddoutphe Thergteddpdiaeringlidsg ggmparing the second
ourk PSR 30cyB 8 0 fply VRIBELINEILBRRAEL DAL b
sefln géndrainot dnotier edpetth thelinwintign featurepmsicittod e identiBanha

g S S RS 0% e 0 A B

conPfet HYIEEb iHRTE 8 $6D1 bidl6wi R phdsak SRt LéHtibiEe $o the occurrence of
executing the conputer nodel in the absence of a

the disetis¢ btetet i The sof ofitielogieal pyecessasds & eibsetrad the vdipue biplogical

firstoutput and .execut.i,ng.d. . 200 . .
procsese BB b g0 BTG AR R 5 el gt hsociated with e
set dTbIbLieal proceseds ahb ¢deheitying a bet€ fireisnd 6f the bidltpgead constituent.

second output. The method further incl ude%, onpari ng
Each fmciiap ghthesat pfufneiionn s aseocigted ith gt fsast ong bjolegieal pyocess of the

vaﬁfv%kergo?{%%aﬁgogégses@ ORRthEtHE hIs@ thcfided 8F R ihe cbﬁgﬁf;cf model in the

I 1nnovati ve aspect, the Invention r tes
absdnoe af € ormyification efithalskteofifeatitions to produce a first output and executing the

4
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5 In one enbodi nent, the conputer-readabl e nmedi um
i ncl udes code to define a conputer nodel of a
woialsogéaaal systemin a disease state. The conparaIS2004/029639
nodel represents a set of functions of a biological.
compytes prodg eden theangslibtasign o4 fhessphellinctivge to produce a second output.

i ' ine. ..
SR AEGLERRL oAU MAE S DDA SIS OuFL Qe e
biologidalfdoastitian aoh theepeard tagfetf uncti ons. The
conput er -r eadabl e nmedi um further includes code to 10

exdB AR dnnayAiR WPeiole Mveptiehelagse Acampicr feadable medium.
. . r.
i R Y g ARG o Bl o B S e
modsl bhaibiobrgical pystabuea diseme statk. ThetqoumiputeT hodelrepreséndsa set of

be | npl t t | ] fot
funcfis S hgosRrs Romgist OB bitTosdia syaterp Lt Fomidigspdable
medi@h a8 ihdedtsichied d4EinB 9 VAP HiBLIuEDIRE VRGIal KERINIPBRsents a

The use 15 of the techniques for identifyin _
modifieatigpexfithecset aff ijocttonas The compuierieaditdpinediugr Wugiber includes code to

treat varipus disease such . as,. for .ex | e sth
excdf €l cbBoh B e DR e R AR i Al e Brodifg A s owpue
and ¢odeisteREcut® iR coatfp@ter Bt el hsedlom thelwirtlil olimgiue & produce a second
processes associated with clinical outcones for a
outi¥hr t j cul ar di sease state. A biological constituent is
id i:f] ' t] ' :
assieioy SR Fr BB 1R P Sgriy S0 lloning agpantascs
Potesatin] thErapewticagigetica be pleatifededngcorhpiet modedingftechniques. The use

bi ol.ogi cal. cqonstituent is.identified . and tested usin
of 1 QIR for IRy G R et BFGS RssTokid BRwioOig nies i Bret

variFROBbeakss, Sifths! Br BeinGy18) RemY) @laBEiks, 3BY¥siBf atd@eumatoid arthritis.
identified biological processes or functions affects

Thesbmpiatsaimodet aro mess! tb adenéifypbiotagical procelissxasseciated with.cliflivel

- conput er del can prioriti.ze experimental . wor 0 .

ou R InE i i B8R0 Moo BaBA g G deR L d f potentiaty

effet ey RBEHs Gsdorlgat With BlRddddtigicd bedledtdl ipkdtees.SAGRPOMological
further work on 25 unsuccessful targets. A sensitivity

procgfses ¢ functienspfierielesigak eonstitnentrs identified andgestedarring peomgputer

moddibf ?15 réko%%ic:? 'ﬁ,gétgrg'n %Zé%n%@&gﬁczqeg Ees e Y %étt%.}ﬂi&r whether any of the

unctron I ase st

idenfified bidlogital pravesdey st Rinatidrawfetarclipichlosutéonzestioompaticular disease
bi gl ogi cal processes.that are assqciated with the .
statgyi ﬁ%’a@@%@%@ﬁ%&%&ﬁ% PrRBHRIGI Ve écaértban%fﬁats prabggility of
iderRitfiRE bSocRisid tR@hdubib tREetD) Ak g &%Balﬁﬁ’%f'sfoggﬁ&g 3 Qork on

one or nore functions associated wth a di SeaSed
unsyrcasséul taigetsconput er nodel can further nodel the

conpi ned. ef f ect s of bi ol pgi cal .constituent op th

cr PR rasvSrreRags froeionel fet S B by 85 boReut
biolB&IﬁlWéé@@ SularfgctstetinithSciftex® 0Ea Blsed¥kRte. Sensitivity

i

enbodi nents of the invention are set forth in the, _
analygis Hpen {ar pgiodtizationgd bilesied @ropssses thet pisrasinsiaged with Hierdisease
eqt t ] " i :
s BB SRR 550 Mg Y i bbbl iRt o
one ©F aions funbti®isl dsfocESCRItP 2 Id(dSadel st DRAMNGEr model can further

model the combined effects of a biological constituent on the clinical outcome of a disease

state.
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FIG 1 shows a flow chart of a nethod for identifying

therapeutic targets. FIG 2 shows an exanple of a
wdizegroaeniof a portion of a conmputer nodel reprecEmIS2IVE 029639

cartilage matrix netabolismin a joint, FIGS. 3A and

3B Bwslaiaga of envearimsore gmbodisnaits ¢fdhe prventiqn aya petderth anths

. . 1. e I
scodsin B USRSl B agstiiliBn bEBHE SRl it T b ARy of e
inven€ios il Yedoyneodpphigai Somfthey ddscaptsorh) il drgwigb, anfriecesiaas

associated with a joint in a disease state. FIG 6
shows a flow chart of a nethod for exam ning a
potential thegpparHEgCRIP ﬂRQ?q-E@; how

out put s baseg’ﬁon sfgﬁgi ti V’?&Ngﬁa ysSis o [ 051609i cal
pr di6s § slsovar a flds charmh of @ owrthod Se0iceai fgthgthérhpditio targets.al

co ifuent CDO9. FIGS. .9 and 10 show addi ti onal .

oot 2 Seean oimpls (R diop R o Ao ROl ORI Jhods] representing
cartS RGARBQ InbolitGh h9siat. associ ated wi th bi ol ogi cal

constituent CDO9. FIG 11 shows outputs based on

cofBGRe3A end 8Bshowbactgets fe t@o differchiovigual atiowts tahean be defined
of a od for identifying a therapeutic target. 20
to reﬂﬁ“@%ﬁ%‘/&%ﬁpﬁ%@t tﬁé%sed on sensitivity analysis of
var FIg s andtraat 5 show biphis®ased dif deasitiely Mmalwiodfoariead biological
constituent p3 8, FI.G 14 shows exanple outputs based
progsgses peseiatedgfithympintip ediseasestiiens a f | ow chart for

i den £y Lear EL Gy -
L) XM b DSAPSH ke an BB g e
r efAAGENT end 8 siiey sutand bdssl anehsitnsy analysircofibaclbgiasl processes or
draw ngs. i ndi.cate |jke el ene 6 WD 2005/ 026911

fungher eSO O3 S ORTATEEBPBROH: PTI QN Def | ni ¢ ons
TherrEgl 6 ol (@R AdWididrRNSuBBRsddnSR AR Gty 4:f®ysis of biological
el ements described with regard to sone

progesgsk enBmctionsassocafted wish binlegicdl ganstifiens €D i ni ti ons

ma [ i se b xpanded upon .5 [ej he term

o5 e s BRBASS PBPRra p8S ShCPeton of

bi HIGQ1Z ahowy & FI6W chart 0f b PhABA LR iEMGHRB £ BRrdpBet et.

for_exanple, an individual cell, a collection of cells.

sudiiGad3 showsequipudspasgd en sepsitbiiysmalysis of ¥apiqus pgtential functions

1€ . ' such as an individual human

affer@aéb:bgkgoﬁgélgilgé%sg%@g@geI s of a multi-cellular

or gaai $4rshowvs examppleudugpitobasell omeffects 0€p38i1 ar or gani sns

10 ch_as a group, of huyman _patients or. the general
hurﬁﬁﬁﬁ- b5 B @qwa%%f%%qn@fwm pilsragrialarsdyst em can
al 589G 16 5k a fylenPfrBePiBgrath 14 ddmputdEYfeySt €m suc h

as the nervous system .
Like reference numbers and designations in the various drawings indicate like

elements.
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i mmune system or cardio-vascular system A biol ogical

constituent that is part of a biological system can
wonailswdes11f or exanpl e, an extra-cel |l ul ar const PCOAIS2G04/829639

cellular constituent, an intra-cellular constituent,

or a conbination of DEHAH.EBAQEBCREIONI ol ogi cal 15
constituents include DNA, %mgg ot ei ns; enzynes;

hor nones; cells; organs; ggs-s-ues-;' portions of cells,
ti Sﬂiﬁbllowfng@eﬂﬁﬁﬁ)ns sp;hszed éolmheﬁff the gamehﬂseles@ibehm&& regard to
m_tochondrja, nuclei gi mpl.exes, sosones,

someippiraesiations ef the ipvention dTlaqSB é@f{mgns Iélhié SE he expanded upon
herdigactive nolecul es such as H+; superoxides; ATP;

citric acid; protein album n; and conbi nati ons of

t herhe t2in Theldg&:amd!rfsumenﬁ’meférswb alportiiﬁamfarm«ﬂogma]asystem A

bi ol ogi cal con ent ers.to.an era tion
biolpgical siepifiapane E%%? T %@H{e o fodrvd ﬁ@l P ectg; af; 08%?“"11 asa
cellk%hﬁ{n‘égérpﬁlgaﬁ Ngksid, ﬁ@ﬁﬁlﬁ‘ceﬁ@iﬁporg%%%ﬁbﬂﬂ arC@BiduatBithan patient,
i ol 6gi'cal systemcan intéeract according to some
a subseimé gélisaif a m@lumﬂubnpmamhnn oea pepulation cfdaliltitcglialer organisms
ogi.cal..constitu of th hiolo ste
suc h0% GG B nBRR b ARG berkel® pftofn B Rlon i e biotogicel

systeft @halh iHélide, Ghexanpld g mtdbisfie s¥ekRarmadhe ne;}vaamstem,
A bi ol ogi cal mechani sm can i nvol ve, for exa

imnyng) sygpEaer wydipwigsailarsysieme vy 'alolo&c@hmsawntngat is part ofa

t
L R T e
constito¢rtiean intra-ceind huchastitiient, m@acrth‘tﬁnatmm it dme.t Ercamples of biological

t ransf or one hi ol ogi cal _,constitu into.the
congfityents 1“8[‘%? kﬁ@@%&s PELPINg; ﬁt‘&‘%‘?ﬁ’ hepmaes;1qs atﬂ%"r“ég‘iﬁ?ﬁ?s
poﬂ‘f&ﬁ%f b e Bikshes, AP of g3HE, BB Lelu R S AGENQued asg3 #AfRochondria, nuclei,

bi ol ogi cal constituents nedi ated through
Golgneasmpiextis altysosoingh,cyidolhsneiv eetics]a, end sbesenmsheremically reactive

molfFREeR B Bl B ideR A T s Bt b AR, i coffffations of

thefgXanpl e, a regul atory rmdul ation of one biological

constltuent by anot her, such as an inhibition or
st | The tegm Giynefony ijﬂb@&;pmc‘@ﬁo abiglegicy] cpasiigypent mfe@ﬁo an interaction

or (e elob She S kit 881 o JARBlohAR o B AR bt gt

biolsgiztleconstithentofabido g@ﬁldyitemrcaﬁﬁsaett&tce&dmgttb séme biological
i 0] ogi cal system In so i nstances, a bj ol ogi cal
“3‘@%‘?@ ikh elaf‘sortraorg additigngl ”bgﬂogg%epﬁtt@%}ﬁwf ﬁ% &Péoglcal system. A
blolggféb!frhédiﬁi% sif byPwhieh bid? gl&ll %Mlufeﬂs iePMcE 3hS fn@fanéther can be
brol ogi cal system Each bi ol ogical process o
knolingiregkeewn. 4ypielegicdancchmiemasn irobos ﬂ)rmgamplesmhmloglcal system’s
i ol ogi cal chani w th,ope or .nore additi onal
synfhefi S i ROREeLa: o Sl eSPuly Ear Sl i eRierign of one
biolBpRhO@nSReRVASLARAEr cARMIRIAE SoRbin®1é,Q syBelic Bafdomation of
bi ol ogi cal state typically also changes A bi ol ogi cal

onediclpgicalyponaiineny infe feaniberon dircet phistien! tefasigimeel the biological
conREDRLI TR R, L0 R PRt Sl QFETRER  HLBLAE rofh”

1nteﬁn6dmﬂe ®jolegicalrstesits, Qﬂ s&fne athed ineclemlisn@r InwohieiAstances, an interaction
concentration in , interstitial fluid
of opg prolegisal &Pla%tlf@qnaweth aaPthew@tw%% fen expmipiey 2 Teglatory modulation

of o é@ﬁﬁ{) cal RbtRgH g@ﬁ% aﬂcghért G3sar ﬁﬁl%lﬁ&ﬁ dr WihMation %f ab)glroductlon

ypOg cema an pOIﬂSU nenla are characteri ze
ratec@tevel, boas awivity of one biological constituent by another.
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| ow bl ood sugar and | ow bl ood insulin, respectively.
These conditions can be inposed experinentally or can
woeoismeenent |y present in a particul ar bi ol ogi eair/us2004/029639

system As another exanple, a biological state of a

nelTth fereR rbl@lngncaﬂoséate t wsferefoamesingition asensisited with apialpgiedl system.
In so eull’ng %gerso ;F bio %%cal s%?eclieffegsh oA %In'ﬂ{tf%ﬂ assocyggéocf: \gﬂﬂ% Hle ocerrence ofa
set olﬁndlbgledﬂ ﬁrb@sgb@ I @ rmdl@gléaelssmﬁnn Fach bielogidal pRdsesstof @biological

or a conbination of them As a further  exanple,
systgpsRR giieart aseerding tosome biglesmeal meshastist midracnmarepddjtional

i

b101§€1gar%1 pgﬁéeg%g Pﬁfh%%”&?élc@rkykt@ m. s Cttﬁ? Bﬁ)lﬁéa? 8[{}% t@%&?&&% e felatlve to
eaclastteraa bm]dgltal Gtate typicakye nlsoreldnges. A8 bm‘lo@bzﬂmteﬁe(@prdaﬂ;r depends on

bi al.o state of a.r. oi nt can incl
Van%ﬁlsgl?’:? Lm eehaptsms hyevhi g@?ﬁﬁ)ﬂ% OgFRICHYAREI M @a%@&flother A

blOlbélEAl%%&ﬁlrlﬁclﬁ&é |£Sr exal g’ﬁ,g'ceﬁcﬁﬁbﬁ;@f a RUFES: S MBrrhEd dBentration
di sease staté,"” which refers to an abnornal or

in p}aamaﬁuterswahﬂmdomtramtar dluey owzttrbbraspjnailfb@d cldr eggmplenbiological

stateg‘gg%orsc%gefsde xgﬁltl ﬁg}?e%:lfﬂehég aﬁ}eypé% %%@gégedchlaﬁacgfﬂzg@ by conditions of
low BldDdGe b£and 304 hRIDd ihdhliBORBpdcA$&IN ThEse cdndilibieemebeSinpbsed
refers to a condition associated with the occurrence
expesimentalist orgn be dthsginslyIprgenicia aparicsiar fiddpgird gyetgm. As another
exﬁ%%t £ g%l%c%‘i gtg{erbg aglﬁprra%fcg?'l ét‘r&%:, ﬁ?l e I gféteg‘ §(ﬁﬁ1 tpddlaﬁ(l v(;}nch the
neuson i$ Meredt] Dbagiitiol insytdttethe ndurdh sefiieg s adtiongetenkiel, a condltlon in

observed i.n, _.for exanple, a cell, an, or ti ssue
which thameprop ds wﬁaamg@rr@%@mmlgﬁr ar pepipReflghoffiem. As a futher
aﬂlﬁi biofogidatistales 8F 8RB oﬁﬁm fitribits géﬁﬁl@ﬁﬁe §tc@ﬁ(ﬁﬁon in which
fude“conditions associated wth asthma, diabetes,
a pemoasamayensaﬁrdn eheveraight thsgratchnditips just: #ftertagnenl, and a condition

betvygPh realh 4ot FHET BRI Sl8ioB SHtogl E e EaG Fp e e
s1gnm&h9éa@@1ag@hegw&du%mana ﬁyﬁ&gﬁsm Bﬁﬁﬂlﬁﬁﬁi‘ﬁatox? deii@!l ogi cal

process can refer to a set of biological constituents

dr dwhiotqginal st@tmaasmé@de ao‘fdlwam e W,ba‘Fh xfess gn abnormal or
f. ct
ham%ﬁl? ?c:s)rgﬁtéoa \Aﬁs%(gcr%zgt g with ﬁltbliol% ca grgtre% Aﬁﬁg%%g{awg'axélgﬁly associated
with aicdbndmalfop hagu@ipifest oba dﬁshﬁsﬁhlﬁ: ablc@ngwm lsegtethaln some instances, a
pat hways. Bi ol ogi.cal 8 WD 2005/026911
dlsemsztaés%mﬁm g@gbtlorpasae‘é@fg@ withghe ageygensratiadst of kjplogical
proc%&%ggk & bid? s??rh h\@ﬁer ‘Elfel“get 4 ‘615‘10?1091' ﬂo@esg&rﬂlé’}% 1ol fan
enviro of a ce organ, tiss

abnomiaﬂ or karhifull eszecbofgadlseaﬂe nﬁhah}mﬂ@caﬁsyﬁb@ml agdlsealse state can be

obsFHHE B e Sx gl GHbAT QBRI § BB aVPHETo<LAF GTEaRa, aF gopulation

of ni1@CBRNhCAaRGhf VBYimp18s $HisAsd RS RRle 3bR1iGd dssdéfated with
to provide cellular structure or energy stores,

asthpiapdiabetes gbesiat anvdbhsuratoiddrthiitisr ot ei ns or nucl eic
ac I'J%)e t&hLE “tﬁs%g ﬁprlg(ﬁe(e??” refer%f ' ar%l\é?fe?éjc’tlog %9 8?'61:00% 11 [cr%agta ons between

pathWways | el n el c acl

biolagiealsyphithesit 6th biBlogicalsedm. CRNShictingMices,of b161légi¢al process can
bi ochem cal pat hwa%/s i ncl ude for exanple, enzynes
refeg ip $56 of iof qg@f@# penstients draywib Epmapomenspec Pé%b@b%wé system

togdtttr SFFEHA AR Bk SAGEERFons between the biological constituents. Biological

processes can include, for example, biochemical or molecular pathways. Biological
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10 Bi ol ogi cal processes can al so include, for exanple,
signaling and control pathways. Biological
woanstizéuent s of such pat hvvays i ncl ude, for exaapiua2004/029639
primary or internediate gnalln nol ecul es as wel |
Pm%ﬁsw@@ alsadnglude; for] egsampmpat wayshatl qopgy withie on iy esintact with an
t

env, oﬁl‘ﬁgﬁtgo;fa c!%ﬁ org!!'l? Lfl‘?:gdey oPrE;ﬁ 98&1&1541?)?%&1&%? %}%ﬂrﬁig@é’fs‘o‘lologwal

procaskesdndlade b10claemueaiqxaﬂmraye aﬂwﬁjch emﬂéqulesmfé btelaéxedds\bneto prov1de
apount of .inter te sjgnaling no] ecul es and can

cellpfzg enezey) quhﬁmﬂqr%z g""f‘?ﬁemd’ét@}?]é’élolﬁc“bﬁ asindt yp mreﬁlde @fellular

stru@fuf&br éHéiigy’ ét 3 'b%&leﬂlflcapﬁﬁtg ¥s 1nWIH$]‘F<)I%§emS%r%$EQ: Rds are
signal i ng o cu es can uence activities o

synthebized earacﬁiwaité,l and bhagchemmal paEhwayy i 1a whadlf groteimor tueteic acid

prer B s SabEEYE diio LR og PRk oGt Pefipys include,
for YRS, dnﬁyrhbﬁﬁﬁﬂh&ib 1ﬁte§rhgdi§t|es skdHalOpreAREIIANE amtéﬁ'x‘fél'hate

as t hose controlllng t he t|n1ng and occurrence of
speeies-| cycl es, share soms simlarities with signaling 20

pat r d ften cell ul ar

oot Deleal bfcBese Wi % Bl 18 Gl P g Shtbt attways
Biofoztdb egistinenisrodlsuck Ifaﬂ&ﬂéf}ls encuds) fkanpR, piStely dSatefr@édiate

exanple, cell division wth chr onosone segrq;]%atl on.

signpling malepylss 25 Wed g Aroteins BT paENg Briiggliag eecopfrof prscades that
NSRS e pEANE IR oL, g el
to a(re¢ﬂf>tdrs:an dafgcrtbenﬂﬁema dhef angatnit oﬁlnmarrmdnate\mgnahng lgules and can

ind Pt BRNohe? ke maphesarom e BF HE o Fomon) pgpathvay

profefiéeBindihg 6 £4ibhIRE nﬁfﬁéé@é&' dah Gi’1§ﬂdeﬂcé feivitRger c<‘§lfule§ir protems by, for
changi ng envi ronnent. Bi ol ogi cal processes can

exammlﬂ affedtingdhe trapsariptienabbedfaivioalof a oell. aTlmsabtplhmn pmatem(s are often

o SRR AR Sl B2l DA SE TSN o s
contwlh@g g8 thg M@ curfénRE of €dlycyeies| SRl s‘émesshkﬁﬂaﬂtib'étwnh signaling
bi ol ogi cal constituents 30 belonging to a particul ar
pathveys) Feam miuliiele aed ofien engsing esfules pvqpéfim teniplly coordinated, often
- t
Wb LEOA N0, O A8 W8S L35k AR Ron i
chrérebsongi segr@anoﬂ; Hﬁné qu&tallcemdh&tlomlsrmbd:cmbmwdﬂ thafunctlonmg of

cont ks B 4 oD A S o o ach i
degfe® Q}T&ﬁcﬁd&‘ﬁ&hoﬁ B@Ectiv%tl&'r' (d4 e}?hdéﬂ%r&ﬁﬁ&i)o rOtH@r%ﬁerle&iﬂﬂwa%fs can

non- hi erarchi cal process often has orle or nor
lnclﬂé@ﬂﬁh‘akyﬂ thafppen sgekfte enthiateln @ptiviel koek/of26bddr metabohtes in the face

%04/0296 9 loop in a biological process refers
7 BLEIE i o ogi cal constituents of the

bl c&awgroal proBéRELES, bei@hRhRAL RoRhraehiéd oCOesHhbihaRIM of -

of the feedback | oop can interact with other
hlermca}cabm@anonclaﬁr@fqm nf\dugrprohisal nreeash icdnelin sficintrelogisein
°°n§tﬁfg rdal{?g%cbaf{] eﬁ'{)a?l%%d i® m@%&gﬁé}?}g%ﬁ%l% éﬁéh:tﬁ]fnlbgcal\é@ircgﬁco%sttltuems
belaghgtan pasidutmtevet can interady mrbmﬂaglbani)nstimelﬁ@mongmg to other

i NSt ances atient c have a di s e,. such as,
levely ar%%reéaw@ﬁg‘dﬁa%eé? ae%?rﬁﬂr qrigigatesizqm gﬁﬁgglceﬂ ;swﬁﬁlguealts belonging to
the Wﬂ%@elg ap ﬂoﬁ%é@ﬁhlcfapﬁrogé%@ MPbf in RALLIENDR1JNE cliMfient in the

been di agnosed with the disease,
process can interact with another biological constituent that is further upstream or

ofa

downstream. A non-hierarchical process often has one or more feedback loops. A feedback
9
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patients that exhibit a set of synptons associ at ed

with the disease, and patients that are progressing
woawardedior are at ri sk of devel opi ng the di seR6®US1D4/029639

The term "therapy" refers to a type of stimulus or

loopyarathielpgicplanoasatelfera e daubspiniibielogisal cangitesnigypicthe biological
N r f. .
proc 3k s BRI ARERS oftd REIBRE BA1AHEE ity over
biologikal @onstiuckogf thafecdieRasopsns. Ther api es that can be
applied tg a. hiological.L systemcan include, for

exahpt Brmgpaisat” efars faghbieloeial eystemytoswhigh a desapnyieanibsns
adniiistefla peicftn il Hhtifln BRI ot 4 frd EIFINSEL 3 some

instatced, a,p_aﬁbrﬂtchleha\kmw disase) soch as) Korewamplepthegmatid grthritis. Patients
havi?lg %h I sseinc%'gtiﬁgc@s oertgp(gt{m ,r B%rg]%tp’[sgﬂgtﬁgvé qaeerél gguntsée%a\!vitﬂihe disease,
patiéfié 8P&MiRa ¥t bR syinhbRlk ASoeRtedGRIRS tHeldiRde, aldpAfinGaRhat are

be referred to as a therapeutic target of the drug. A
progressing towaids ot inmal dskeel @wﬁmmgi theidigeasa. t her apeuti c

20 S oA REb T frsTE o Pl b o i e gt o

a biglbgieall dystep Ghlbbrbe itMCEs, & erdsy daglaefetiarbiblogital @fite of a biological
"inhibiting drug" aor an "antagonist." An effect of a
systefp.by kaawnies vaknosvishiglogirabmeehanisgys. Therapiss dhat can be applied to a
. . - i n i . i i . .
blolg%gz? asggttgljin%hﬁ g}cﬁgl%,e ﬂ)g ?Xé&@glg,h&g%sgigﬁ\gggnggnmﬁﬁﬂg%, o2 Qobinations
of tlmug- nedi at ed changes in the rate or extent of

transl atiopal,, op post- translational processing of one
or Thg e e b B0 Comang ol it Gheree (A AGBBIAN s oo affect a

biolb@EA sPfie, hefiél BPknRin HLEIRSR NI RN 08k aIANEHRisHB! &1d whether or not
roteins, drug-nediated inhibition or stinulation of

usedibeiapeutivallncln spintejinginasne dmg eperts ipraffeeisiy intgragtispwith a
. forth.  Exanples .of dru include,typical. sma
viothgrap{ERR FReap i ahericlds AU Beff wpdlP! the g, A g
that ReinuTabds| ayfuRG oo la MBerhyRaki0 s g &teah ba Sefe@BTIROGWs 2R Sactivating drug” or -
paracrine, or autocrine factors or factors interacting

an “agqmiste avliileracdrap thet mbdits arjinctioprd-a therapeitie iargetgan be referred to as
an %@%&g@@gﬁ Br “a%'ta%gﬂﬁﬁ{.’s l% eefg&ﬁ LA Ao Wafhe ! c%{r}%lqh&gze of, for

factors I'So rom other natu
exaraplel drag;mqubatd ciadgss inhikes tatecofiemscrinidnion degrhdationes one or more
Dru n,al so .. include, for exanple, agents used in
Spefg%ﬁfg 4By qdiatedplangss n Rigte Lot s enk ot s tigeal or post-
tran¥hfidtReBrocBaGeR ofle oPRE &ﬁ&‘e&ﬁt'&@s aaexhsqiRka gH PVthe rat
anbact erlﬁlgcandtgvi rouggs (é%. ) olxi ns) —can IE% 10&\%%S erate ot
extep0OGIegR@atidn FoNeUE 200 HARE6S Yrugzmediattdrigibiiondr sgmulation of

.For certaip applications, a.dr C i ncl u a_ . .
actiggp G BhotHR e Rl T oB ShSHiF e St isies dustpafypical
small 1661 D f Res@ich Of tHFApeHti Aitkrast Siturafly-8¥suriph € Picfors such as

Overvi ew . A nunber, of different Dbiological processes

endegring, prerqrisasorcaipcane &otors prefasionnipiesrction vatlscebiaredptars af any
typeb ﬁ&agaiﬁ@f YRG0 2539 elptg ?J; Ly gﬁiulﬁrs%lgﬁﬁgﬁatﬁ&fa s; factors
A ertect on ot iof ogl A

functions 'have a greater
isolatyd frem dthamatuirdlgberces; bsticideegledrbiclesy qpdidsectididds. Drugs can also
. .biological condition such as a particular disease
include, for sxample; agenisiiad 81 gprg et like DHAARGRNA. ges ppijbodies,

virn8R b AR B d bib&ASAL b4t Broduced by bacteria and viruses (e.g., toxins) can be

10
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the effects of different biological processes or
functions can |l ead to devel opnent of different
wonrestoaents for a particular di sease state. CoRpUMUS2004/029639
model i ng can be used to help identify 10 potentia
conai@rqbassd%ﬁgﬂr Kor getain gpeliqations, e dreg cagiisdndea eempesiticnigluding a

vvsamet le for i thera eut | c

sot f GRUBE o DofBoriBom By = 1R o e i T BREMENG of

conmput er nodel for a biological systemthat includes a

partlcular set of bl0|OgICﬁkg@ﬁ@CESS (step 105). The

conput er nodel provides a nodel of behayvi

f oA am%ﬁrﬂf é{ffeaff*nt diclegicd %@%S@s owﬁ@%@rﬁaw&ﬁ%ct the behavior of a
ol BR ol R P R0t 1 Gt Btk SPESEHBLALR 1) MRy offecton
the lvmlolgwhhsysténsiﬁms ethesstvaitleresfjdve tanwpaticdbl Wwakv gical condition such as a

ntjfication of one or re bj.ql ogi cal. progesses. for ...
partighF gispast Sifele & AT OB BT GHeoibedagsgre)- [entifying
the @f?e%%%f"l‘ﬁi?&eﬂ’!‘ Hl&ogl%ltﬂrgééls%s of lflfeki6Ad ca%%&?t@‘%ﬁvél@f)m&t of different
di sease state (step 110). During the analysis,

treatpompfoe s pantideleedisersd statee §cmaﬂﬁ¢mn@de§n9fca@a@hsedrt@ help @dentify

porclffei o PREE IR Rp B B 08 DL O ol ogi cal process

ar FIGDPUShRE Dvethol B0 Fagéntidyiny elergRulis taggets 20he méthod 100
user can identify biological processes as potenti al

beginp aiithibeereaianagigerompyigr gpdehfor @@eqiaglcaﬁaswé@ thaftipgludes a
perk By B IR R005 Bl AR DO By goun
modeb bﬁﬁbhi\'&@js folx pmtmulagdleeash statet diteibahavibdms iapbeativeof a partlcular

tar Iude iing a bi ol ical consti uen
discissship inclienanrios R osita Prhsfasg e ot g abooci i the disoase
statel OPh SR80 811645 SRichBfidAiBA b bie 91%@%15% @hl ﬂr@é&%ssfor ana1y51s The
relevant to rheumatoid arthritis, asthma, di abetes,
identitfied biojogitdb guicessgs arcBisssicoyidcwith Bysicelar ¢listiend 0BT fm a dlsease
cre ted n ste

star PR Bl DBy Gy e dBleton SrtiEhrRutRif of ot

modeRIAbIEicAGHEtess fo frolide alﬂﬁrlgrég)f@utp‘h@paldéh\/(@tega%’)' OBt ffects of
that begins by defining a general set of behaviors

each biglogigal precess armodiledeans themaagpelfialyes (gem t 20)3 @ vigepan identify

biodER 30 bAISYE Bulrs PR IR e Dot vl ERP G- The
identifide pbiehtigl thifﬁ'h}&!uhc tﬁgdfts eveth@l éxch gkained firalsaws athesapehtic target
as_cartil age grada,tl n in rheumato arthritis, .the
(step b2 H¥amiEEs nfalhes apg fcﬁérgs@ﬁskvaesrl dgpiifymgapiqlpgical
e
oo P& Aot sgt*ﬁéi*%?ﬁ%%ﬁ%%m{%an R el o e identity
potaitielonmetsucleeant socheumatbed adhritrs, athma,| diabBies, cwoottesity. and
context of these subsystens is, therefore, already
defined by the -. 1gerl e t he
dynam cs of the“systentras aw Fre—getonst ructi on
pr oe TS mpaiek hibbl@lscr%?té@iﬂ diép 10318 u@daioto MRddR] Hhodragyre bidlogical
the top down, until there is engugh 5 detail to
Progegsss iog Binstiansgi Rhersoniputes gradsl is untusing 2 “tgpwionny” @gprogeh that
bogh Sy TR Rell A S R AT O FhER,, THERERIDE: ar
theragped tas corstraines drﬂhb eyarerh ahd eset od negiepsitbaystemslade deseloped to define

cre nts a mathenpati ca
the next evefjoit un% rlylnE etail. For example, given a belhav1or such as cartilage

degradation in rheumatoid arthritis, the specific mechanisms inducing the behavior are each
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nodel representing a set of biological processes or
functions associated with a biological systemdefined
woypo@/eeti1 of mat hemati cal rel ations. For exanpPeT/usSkm4/029639
conmput er nodel 10 represents a first biol ogical
be nmdeled it tus, yig) dimgfa sesef sebiskisteras, ivduch easl thememivesrhg dgconstructed and

mocB A o 28 550 B ELH, RIS consd
by IR havioffth& chafacrblzethe dihigme oPtheaystomdsla vShdI&H Aheedeconstruction

the behavior (e.g., tine evolution) of the one or
procagsreentiaies apdséing meve alpybmpiedwlamﬂomﬂﬁwtehﬁpwaawl there is enough

I

deta[l &) ia%ﬂlgzﬂé a \fetnhbcfol mﬁﬁﬁp&é eloxl\:/r}?)i algqglgy ?@epfrnggg r%téag ggfeé%f modeling
b1olﬁgﬁca’l %rdbleﬁs(ey tHalt e I musgpulated Iblblaairmg ocathecthampéuticeagbst. of

the bio] ogical systemas well as levels or . actjviti

T GROIHEETEHEIG) * gUPGRTRdFIdR preater it Paplsgptsppeematial

mod\é?fek:{%g%tﬁl Qal L06E8b10 gﬁ:@ ﬂoEéé?é@to? funcfidflé hdsofatel Wlth a biological

var es al so repr stimuli that can be applied
systd:m dbfmaecﬁo}od sagjiof aiattw;mtleahremtlmnﬁm exampldehe cgmppetat mgdel

ar anet er af fe t the behavi or

reprightisii asy apPatsliroPat RRed fhst b Riiea e sl 2B
blol%mk&esé e PREROBY RlathehRAEAR $ERfor. nAtnha%hemﬁQaM%ldﬁeﬁ typically

variables, half-lives of variables, rate constants,

incledsa pee of wore variables. Ahelcemperaneds! sudates (herbehpiiei(e.s., time

evolglﬁgré) oglélgé/ %gerép xéorg )y; 5‘%@3 %/Ig%?aﬂ?:%larglg a&e}%n}éa?éélggfgjggﬁsyof the

combﬁteg mbdelmlﬁi&b liiter@ofiors mfho&g S'me:{blchka haereahs vardabdésstpmesent levels or
known _ constraint.s. t he behavi or of

activiies %ﬁdlaélollfh lpl%l%ﬁwflwnﬁegae biPIgRiGRlSYSFRY a5 W ¢Has lqyRls or
actl\ﬁﬁ % Fln%gy%%e Ireﬁx%sél?&tmﬁg oPﬁfe%Bﬁsr lﬁologlctah&nstltuents.
ermt I ca ons

one 25 i npl enentati on,
AddpMmﬁp,t\eanab]as elsu semiestent stieprishairan bntapp]md to the blologlcal system

e Sl it bpicdy ERRES et e RTohe A o fepgior of
the Yélabfes MPLRAIIE Ble cobipth® ModVR TR RAMER) th%%ﬁa&ﬁdfﬂé‘rb $epresent initial

I npl emented in a conputer nodel can i ncl ude
valugx aﬁm@blesdtadﬁ hieasyof qafighdese ratd mns@q@awrm@mrpr@ﬂw and exponents.

el L ERAL AR 2 L ABSAAS ST Sherimens s

Speélifit HERense cBaskalt efi&, cofiglthdih aid SystepivBiianicro tqlsistbniith known
equati ons of networks of Boql ean, fuzzy |o egl cal

consienipr Kaus, the behevabetmatarishledn therompuio mygdehdeseppeist fime. The
corrg) Qﬁﬂél@l&?sﬁt%? setE%f glt%ﬂe hqﬁ%ﬁﬁfﬁéﬂiaﬁﬁ?lr{:@ﬁﬁbns. In one

roduces a se or a biological system
implespenesion] thd pbyantehees srenpert ©reprostak intiiiec sletraadéristios (@g. sgenetic

represent one nor e bj.ol ogi cal. stat f € ... .
factalisgﬁw?@sﬁ e@%ﬁﬁ%%&?fﬁsm §de SRy ek o biglopigel
syst@@soci ated with variables and paranmeters at a

particular time and for a particular execution

s c éiathematidad constmnts Ilmplealeated i ogmpaﬂer srodelecan gnclude, for example,

ented by .val ues
ordlggﬁégﬁ entigl e ﬁ%a%’rl?agﬁ éf?eirgr%al e%%ltlo{l S 5{qgﬁastxpzl?fferentlal equations,
diffep6aiR laBseb P T®fuatiahs, AIffedik ¥htidhs, collelgr aitomatapéoupm 104ps,
nore nmat henatical relations Egoduce val ues, for the

equetigns g nefsvozles offpqodeps, fizaelogicalingtwREs, Phacayingiqngy them.

the biological state over tine.
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In one inplenentation, the created conputer nodel can
represent a nornal state as 10 well as a di sease
weoereais@2efiia bi ol ogi cal system For exanpl e, theCcT/US2004/029639
conmput er nodel includes paraneters that are altered
t o Ekenuling éhezcottipsiteaseodst producss ageiniogimisionn bidegiea system
st.at e, y nd alt r|n Q

ropris st YA EormP U B LR o of PR g Pisr AL 8018 pflogica
statdslwﬂfdiﬁomgﬁﬂaﬁ@@&m sideiheluaés valies o€ Bther indicdgssociated with variables

i npl enentation, selecting or altering one or nore

and paemeEreiis pastipisiiangae fn e sasicrlensreputianscenuic s eaymple, 2
blolﬁggﬁ%{ﬁ'im oo g%eg.\i/ ?1 ﬁ%}ts %‘h? hﬁjélg&}afﬁltne P 'Tﬁﬁ ﬁél’?af% é ?? th%p/%nables 18

simiilbied lby,oﬂoo gkaaple punoeitslbs annlylicalintggraton pf arasswse atatlematical
differ Elléerarchl cal level, Thus, the created
NB

relaingie $ 1q5 s, yaaables ahyarious faes gt Benge S yelution of the

b1019$19$1%3it&@¢er§ﬂ’1§et em The created conputer nodel also
provi des cross-di sciplinary observati ons through

sy i hes insplefhentafion, it ¢roated mmputmnodel wair epissii apiormelsstate as

into,.a single.c ut.er 0 or ugh | i,nki ng,t
well fhaiftast Sl of & O e SERET, EO st Seiniepppb tfudes
parahnibtéHs elab gfe a'lt@'ﬂ:’dQG Biiakte Qlischdeast 20 Hpédff)ﬂgr&'ﬁeﬁ‘ kowdids the disease
hi erarchical and reflects a particular biological

states By eqleciing aaf alternacene qr arare paramefess; arwcngoqifiey g sormsl plate and

n P e B RO PO, 4 s promor
parantiterh is geefolined amtoimymml@s are oft en dl ctated by a
parti cul ar_ i ntended

f the, t 25 del
ex drsIcEcatas) @ma@nteealpoct?i%?qwé ﬁwig%éf ﬁgorCé%ﬁsf» angqng&n%?rﬁéﬁal level
and %églre%%ﬁ ?E tife &fé@ &t the! bﬁ)‘ioguéa? iﬁchessE@@ﬁ ﬁi‘oﬁfg‘?@al Fﬁ%esses at a different
cellu of the

eve can occupy the lowest [eve
hierichicallevsl. Thhe theebated barhputerd e prmdi&sdieﬂultlf-m‘iable view of a
exa t.s such

blolﬁlsggsyﬁgmbﬁgﬁg@gq%l pésgt | tqupﬁéq) 8%30’}‘]@§ crogm} smgﬁnary observations

throﬁg'lp %tﬁéélsaff iROARANE BSm tW6 6RHDE: dBcipMtts\hidingle computer model
i cal Systemlsacommn entlty of interest with

or tlrrewehmlﬂn@twmeomptttcmo@elsaﬂrab@preemt driéergn discilivgs-cal

" o ebeFdior o Pl iBlus? ol SRS e

parttdilthr Ibicgbyeiedl s&ﬁb’lﬂan@fanzitbmlcfal ekRiERYevahitodsiaes to be explored by the
| ementati on, the computer nodel is confjgured t

comppjeypogl He 1o7d ﬁf defaih ehthish adrerpighy siFee pry ﬂ@%@f drtal at
whitp th\éﬁx!léral%ﬁy 'eHcis 519 g%ﬂl tglsa o}%@é ctilar nﬁ%ﬂ&é@lﬁe%? tl'fe computer

paranet er s’ g| c 'S Visua
modeépme@la bmlmgnczﬂ udlmnmntstbemgeevnhmwdeﬂ’teﬂl dp¥idte at a subcellular

love L2, i GPEILA PY SEhEFEPY S eu B! DL Ry oFhe

subéEPMFa'r 1@;%1 RAclab %GRl 1S ¥RA SRR al NQ&ﬁltdeﬁ& sich 84 DNA, hrevs,
i npl ementation, a conputer model s created in step

protmms, Q}@m@fﬂwgg@ﬁwe pml@cutqs, and sgbq:@ulﬂr orgagellesx C«B@pa@e ap individual
b1olJ8 nlrsyPte rlg%ent Ny, eéilt]lg(l\%felg egﬁi%tagt %%esggc (r)] ggesl%l t%%:gffoe ?df the
biolagicangoustehedts) drd indBAdaE Plobseddl byigers (B, Bprdsbited 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
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bi ol ogi cal processes for the joint. In particular,
FIG 2 shows cartilage matrix netabolismin the
wabest0269Tarti | age matri x netabol i sm ef fects di PEEUSEG04/029639
joint disease states including rheumatoid arthritis.
or ﬁﬂihteorpb ateaotha2 OGien guiupde ogoiher, ogpirezent plagresosder wodelad 2
biol ai&qséllage 10 degradation rate, which is a clinical
10%? "or rheumatoid arthritis. The portion of
comput er nodel 200 shows a structural representation
ModlinE Rgof@nput er nodel including a number of different
nodes. The nodes represent variables included in
coRpeRteimpigawtatngga coppuigsaantlds creped fibties 10%irerigsant part of a

jomtp ?0&%51%&1? ;U_‘@)[ﬁﬁ %&&'ﬁ ]ﬁ%h%?slg%segg fe{%‘&{l dst ﬁh’l?g)?(g elg'ltg,r FIG. 2
shovel aS@MgﬁﬁL‘bﬂaﬁocb&érD%S cﬁtzﬂt(ﬁllp‘wﬂeﬁodeﬂa 200 repsdsattmgrsoﬂre of the

biolai HRPEICBOFHR BRI, TP SACHLES EAF GR88palrs metabolism in

the jY@E] é%@% Fﬁ;ﬂ@ ﬂle‘t'é%loﬂ?rﬁ e?ﬂa&ts d&?e@erﬁ? ﬂ?&l@éagé aetds iRYuding

cunul at ects of I np uts over In one
rheuiapdié aeinité, | Tre, powtacbm:éﬁs meludtsﬁnelogmdlepromsses refletedrtorcartithge

using diff ntial .e i on ar ane ssomated
degrari sl BER R G PREPRE Sor et Rl R o L ( So)
an Q‘hé Sltidh bE célﬁpﬂen m¥a¢|PB0@howHE siglhctingl ﬁpﬁﬁerﬁﬁ[bnbﬁ" the computer
put.
ed, held constant, or varied in accordance with

modsb@eluuﬂm@di reimbes pf different Bedgse The dedesapprseent satblogingiuded in
commqteprsn?cniggo.t). Eﬁf ge’%én“ ? oc{%gsétp"il%s%h a%%tgrs%{)l@ ﬂ{aglieb{afn%al
relatidiis GlicLidydrie sempstepmodal ZOﬂg &xamples of thenypes &€ aodes.age discussed
functi on node 220), are represented in the conputer
belojpdel 200 25 as doubl e-border ovals. The function
no S8 NEtad AU RN §)S aldPYAkn¥ed iH Bife difHuter Fhodél 200
pagﬁ%ﬁf&%%pgl nt it ?n@s ar e15 determ ned dﬁ?ul er]{pucf s at o _
singtelolactrdaaxvalspdmmstatemctdnesrmpresammﬂablbs hivwimg valees thatdes badetermined

det d us mat hemati cal f.uncti on
by cpapr BEects L BBr A p- 1t Crert e IRtisg D Sipte ngges are
detetrfinkd ﬁlﬂng al el equaibAd. Usir&iBetbrs.asdtR] 41 With b4 state node include
functi on node can “be conputed, held constant, or

an initiali vadhe) (R0)ad arstrivcs- gmwahlesﬁéhﬁ ftate @Oémthe opainwéss, Beld constant,
or V%_gqtdrles g (\:Véfs%ls ec1?1?d Icrgt\%:a )zzaﬁ“ gt%{el\f]ﬁode fcgl’;f'] ? %i%ﬁégtegﬁmh a half-

life Sdeduplbe lﬁﬁeleﬁ \i/iﬂllil@hhl(ﬁlhf@@ﬂ’e syriba10 e eddthpldifedstate node is node 210
represents the cartilage degradation rate. 14 WO
whighygByesstsoRecElaEeyS2004/ 029639  The nodes are |i nked

to %h&%n_#?d@%en% Cﬁﬁ&%ﬁ{odwgﬁf élfegng ol Sx#:cf‘lﬁ% @8nputer model 200

arr ows WS represent I ps etvvee
as doutflé-boriet ovedd €Ehe fGoctier widesrepresentsvatieblgs havamg Mu@zﬁz)t ata

are represented in ca ter npd 00 as .thi k ar.
part{pfeg OIBT By A At hUL Y 2P ALt e B Tipee AU of
fundiiBh %oH@krdr@Qétgﬁnlhgcpﬁﬁﬁ@ﬁfaﬁfénﬁﬁcélmﬁhE 6f inpake s Pafadfelers associated
conversion arrow 5 includes a | abel that Indicates a

witht 'cyfmcmn awinieeludom hgial velge anda siatuste-&., Vel abthedungtion node can
be cpwa}q%gfl%elcgc%\ﬁ %)f o ﬁ%na\égcgr I o V\%ﬁ} é%)vé/cfffe& Iaut%ut Mlues

corresponding to given inputs) as well as other parameters necessary to evaluate the

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

degradation rate.
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"S" indicate a change of state of one or nore

vari abl es. The conputer nodel 200 also includes
wangusrmeedtiiarr ows 240. The argunent arrows specPCy/Uski08/029639

nodes are inputs for the function nodes (e.g.,

f ufbe nodesroekni@d0ygetha Within compiteiemode) 380 by dipespnsarrows. The

I ncl udes ifier e g...modifier 250) . .Modifiefs
amop e ERBobrE e TR re ORI e o 229)
are 1@pfe8diied i@ cohipater bivA¥] 200eseRiBReEbRE. Colnesion efrbws tepkrsent a

to allow time varying biological states to affect the,
conyeggien obgnectignge Vaablgtaeprosniasklsy coprected pedss o fagh ¢ueision arrow
. | i
T e
exaipleCk1ab8 'of arcguireibe afrotw, witindi‘Mi tindiedte a aovetenuivhilea labél of a

v @ .15 rel ationship represented arrow. The
$” endhigsin wehapgeief stploof 0%@&1@9@@181%-3@9‘? crauteraodel 200 also

. } .
it AL b5 ey SRS e e ot
functioamplies, (e1go denc?iol nodpl2®ent s  procol | agen. A

conversi on arrow 225 connects node 210 with node 230

I ehesembligmbdele200cdd iagedes nMbdifiesify.gr, sicdifier250)w Madifiers

. ..represents the conversion fromprocollagen. to free 20
indiggfp P GERci 44 RHICBIET ERSSDaYE 1 BEGTRETS ¥ hidt ABGHE Spfmceted.

Theﬁre‘ﬁ]‘é S to A1bwPHGe ‘vﬂiﬁﬁrﬁg‘ﬁe {daP&ated REAFRIMHELSEs B RheOstate
i ncl udes one or nore - con

I gurations. Various .
nodex rifliegypeataf effscte fretquelitatingy tticatestiesr sy2aiglninghe boxes shown in FIG.

ssoci ated with i fferent .representations, .of .a ] .
2. 73RS gl bt S SoRRhP Lo 2, or s
relafiGshipepRbdrdishyPdn drigy. computer nodel 200 represent,

for exanple, different variations of the biologica

Sysﬁfh%% ul@Mods ol fieras, RbEdBsthe iRBataGTsYetwdeh Blological

di fferent external characteristics, or both. An
consitisants/assd@atedwithtcaditageonarix naatatwlisma for ppamplestode 2dw yepresents

of. a bi pl ogi cal syst is referre 0.Aas i .
prorrﬂT]‘]éﬁm | go 1?1163%91\)& 22% Wrﬁaﬁcté gﬂgﬁ ? }é)ﬁ’étﬁ @Pd? %%0 representing free
collRiedl a%eCBhversiSh BFdbW RAE réir¥RnfsitBecdi@etsht frih Phsolipgenaafiee

be based on geneti'c factors, environnental factors, or

collpgsmtns pptiof Sreygeedags matrixgnespldiseeroespst em ar e def i ned
with varying degrees of specificity. In sone
i nsaoceimplendatjne thetopppuien oiodd200ancludesenedr more

ni festafion associated wi,th a djsea ate, A. .
confiEREHER QYo oghETD oty Bl LEIPPPHE FRSFLRRKS Hpfeiarcd wit
diffebehifl 1RpREnt 4IRS bF ¥ bidlo @ dYstérANtn pAtiular, Shfidi8re@Afigurations of the

conmbi nations of genetic and environnental factors).

conmpputer axasiehl Q) repigectiufh Axaanle. clifferenayariponye2he Biokpersd gystem

P ., 0 i im nriti
o RO e B! Rl Qb b
obsébrNSlﬁle lablildit;tid)lg (eys., am%;it‘fv@rdtrhmifmkﬂaﬁﬁn)qﬁm Hiel\c;gjcalnyrstehﬂs referred to as
. ecause Qr I et _agn I fest e CNhoJ ces I rtual . .
its phgpotyne svhale dgAenl g s91 forspor tth?eblef&wal SPlcHpE give rise to the

esaNchadbd bEEGHRE g&qﬁgj L ROk ORAI thiBRS orb@hY PRhotypes of 2
phe?‘?@% to aéior?grtl6 c%@grlc e} oge%ﬁcal system phe%ot ype. op
biolddidhl systend dry defnzadi \mﬂsVMgimgidggrea$ phspscifioftyt hresapaspsianges, a
pheggtgg%&%@%ﬁsc %yglitg'ﬁ{ 1?1%1?1 esgaltifoL %gs%gltate%hv%r‘gl'?g%%ggseos[até. hﬁ particular
phenotype typically is reproduced by different underlying conditions (e.g., different

combinations of genetic and environmental factors). For example, two human patients may
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one i nplenmentation, a particular configuration of the
conputer nodel 200 is referred to as a virtual
weoabismea11 A virtual patient represents a hunanPOatuiSem/029639
havi ng a phenotype based on a particular conbination
appest tebeleirtilarligribBhelibut enescan\pgartbritic beeapse! geaetiesseeptibility,

s SR GRERA i SRl S0k Y oR g phenct e

exanpl e, as descri bed above, the phenotype of
Virtual Patiénts has a first underlying set of conditions
r el at@fiperagemnef ihe couptRPinobtlrbprgscufddiffeeac@itirlying conditions
_underlying set of conditions related to diet and ]
givipg fisasioya parbeidacdaglogical syptem) phepeiype-vAddifpnallye Hequssanfigurations

. : Ci ;

of Qo el 200 B Ry PP PR L B . 1o

one uhplen@htatiah | seprirculdr coaSpoaibrosffthe canphtyr iodel 200 écteférad to as a
ecause of their differing under]yi

. thera n
virt i g ey R Patipt egpressals ArieTag RefERY gwgewgﬂl%t,yp%b%ed ona
partfedthr 304biB80E6E ﬁl}(ﬁhyin{gfcgﬁdiﬁ&‘ﬁ%. Wy drtdta hvirRal ?gﬁ%?s represent human

representing different human patients. A Ttirst virtual
patigrdgs hanng (heabmk plicrngypertt basgd pn déffierestamdsrlying comditipnst iFor
human pati.ent .t hat. exhibits rqpr.i ate responses to
exardg i AR i PIoBOWRE BT e e ey pEeH g o Of
con&ifi6A @1t d folhetRAdus@ptibilitypdfl £ebcasd uAdEX YRR skt of conditions related
represents an_ arthritic human patient that exhibits

to dieh g bigstylesihoirse  Tornmlierstive aplementatiohvarenoyigpal patients are
£ 1S Each: M | i ent. . . .
dovib 2 BEMres il pRbd Bideh S PR Wit Aot Rlon b Thstefont virual pasints
resppad diffsraitly tofa spbdfiedbiiiprape becmnskedf theio diféxmgpinderlying
m}éar aneter values associated with IL-4 synthesis,

ch k'tﬁF@%1 on of P-selectin, and macrophage apoptosis can

be [5@8Cs A l.R4 313%?5@%?@1%51% #P S odirkd %Ft?\n:ﬁy, 361t o' Vittfal patients

human patients (i1.e., different virtoal patients can
reprogentingl diffeeers Miimap patzantt. ek fivsiivireml patrenb{lababef asd1RP 1.3”) represents

o B 5530 REFSE LMol barl e o
rthel?@NGMiaBilrifE, dhB@ s¥tdnldUadtuaD Phtic@R {abA1SSE & MTXLRR Mepiebéits an

t herapi es. The outputs of the virtual therapies are.
arthgtie wwmpe patesat Fhay pxhibit regreed sesponse tpprthot@Aatean eoraButiongl

e 5 A A Rk kOR3P o s o

paradbtgrs bs thefcohipates modeh loa pk 86plk QarathétetradlugsaksitedRWith 1L-4
1.3 and virtual patent MIX-RR on synovial_ cell,
syniggsisicxpressipnot BclesBnanduppgplagsapeplesis can beaesifieddo represent

the &i®fereht Eﬁllﬂgﬂécemgﬁe% ) ieftE (gi%.,%iff@f%ﬂt Vi%&l%kie@‘@{cﬁrgﬁa. 1f§|'é’nt

on carti ation rate. Qutputs o virtua
paranimterapives fartaologicpl resmsbs assogiapelrwitin thegmataig achreme nVirtual

in synqvi al || densit nd cartji | age degradati on, 16 )
thergeS e pmalEicdre Fr bl 15980800 b S A G boc] 4 the virua
thergﬁ@§i The @\ﬂﬂut@ 8f e haagil ﬁﬁ&{pﬁg%}é SHowWrefof eéh'heqiﬁ!ldl 'ibhﬁéﬁt in FIGS. 3A
out cones associated with rheumatoid arthritis.

and @& rls @ewicular.spndifierdnt ietupl thenapies Jorgheurgaipid; drtgéis are shown. FIG.

tion.rate . can be indicativ f, eff i ven
s SPRIRER HFSR R Blntlo Bl Pt e Sl ERb SR M Re
on syh&Bal c3A deAsityd BIIGt BB shewypoutputebf thHessiv thietapdds foheftaglipadent RP 1.3
differ between the 5 two virtual patien

ts.
and E5Hob ReR Y X-RReongprtilege drgrdationratey, QGulppis of thervirtual therapies are
expleB&iaaRY, peRRnBiEP ERtYARt in synovial cell density and cartilage degradation
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the characteristics of the particular patient. For
exanple, the effect on synovial cell density in
woesponedit o met hotrexate treatnment for a met hBCTAN2108/029639

resistant patient (e.g., virtual patient MIX-RR) is

rateS 8PséadltdeRIdesilyens chititipetdogragiti@ciatefap¢ cléniced Dutcefies haxdtiated
atlent%é%g:_, virtual patient. RP 1.3). The, conputer .

withyihgemateicharagls. PhdscErsetm Sé’n‘é‘flﬁlec@llsde%?y apdcppilagafogtagafion rate
can Bﬁﬁﬂcﬁ&'ﬁ% épefrfeeorﬁ'i/ ERE05f Drefl ff@lr I‘ﬁgﬁm%fd' a&@,htlgypes for

the sanme di sease n one | npl enentati1 on,

coms dhowatin SIGH3A e 3 heideputsoddie 320Gl |t]$eraaexxﬁfal leatween the

v PRI b R ESs L R BR L i o

the A58R%drAti6%o M BarBichihF ﬁétleﬁﬁth?fexﬂﬁﬁlé ML @ffedt AU RoviARI Jensity
second configuration is associated with a second set

in resporseria methotreyatt treaneat/fon g meshajtesatsfresisient petiens (eg., virtual patient

MT%%%?[E tt:)s%%ré al}g tgess @%8%16 O%%l dlfr?%lﬁ'm §t%‘1§ p(%{rll%nstg? § 1r91a1 patient

RP E9NPYhEEonimake! medee e}t‘efnﬁﬁéﬁﬂel’@paﬁié effecid Horl \ralrfbuabmual patlents
configuration that is _associated with initial

representipg diferei patent tyreg fariths wime d8igss-guration is created
b .
oy £ o elineshdn™s cRfEokAMh e ¥ oometBdel 2 abciated with

a padticulmrset affvatuee forrpatanadters pfitharcempotey aiode]s200TfTé1us a first
|ternative parangeter. values are
con B RTE DR DY b Tk e PR ) BLor o A padieppfiguraion i

assdidd EHERE sEQRH s PphiagRPer Fhle Y RaiREPAMLEY of HRE B n%@é)parblﬂeters

one | nplenentation, one or nore configurations of the
that@orbistizot fieodide fiast sctof gatastds ysbigs. ofing hemoregonfighrations of the

conf i tian | i nked..Sj tatlon
confgr atdhbis Shal D i TR SR R AR kS Re Dy el
pardd@dt@nfalRBP W diffbicatconfighiatien Sodtedtéd ’@dsed of tHel ihdti@bconfiguration by

"Met hod and Apparatus _for Conducting, Li nked
modifying deiwHalgeapawpbers fox gxampie §y madifrpg e opgisg of the initial

d |
pars VNS The piofoi rirerd e RS (e g WBerent st of
pardthudién vahies asedNo . deAAOABRAN0 66h i guedtions bthe comPoteomedel 0. In one
In one inplenentation, various configurat]

impimar b OB SFO R GURRE B I91S Bl 1 SerPYLe; B ek 1 et based on the
initi] HrPBLAbn BYiBE %%é&‘ﬁﬁm&"u%n %Hérﬁh&isea@t fo¥ etinhd18TBlosed in the co-

such that the effect of such® variations on a response
pendifrg tahé chriovined patent a@pbcaéwntt@Patesspn ridlysniittedsM¢thed antl Apparatus

or ,exa et ~of ”»

for (@ EEREuted S Pe T OB R B T 0 O RE RGNt SyomyModer”
U.S2AppEdatias SeRgiNG 0983258 6] f1dd vh Muaréh PRI00C (I & A@pﬁ&’@ﬁ)ﬁ

state, and different confi gur at i ons r epr esent

Pubdipatios i 20RB320eH published ph (eobsed 8.300B). ol ogi cal
Pr QG &ag %ﬁplefarleﬂt%ﬁ&? %ﬂoﬁ Fgﬁﬁétlgﬁkeoﬁﬁé c al?ut% Rbeg b@@kepresent
processes’ usin experi nment at a,

variationsi cfal bldaglaal slystemi thatgme mfﬁdﬁ‘nﬂ/}(lhﬂfé&ﬁt GR2a0that the effect of such
PCT/ US2004/ 0296 opi Ni of persons, ski d i,n_fhe

varigfions Qg rﬁéncgw%?fg f?lﬁ biefiogiel Sesterieat tmply lsowﬁwerdeﬁé’& grgmple, a

set MBB@ﬁal ﬁ%@%sésqur%%t&lfbyhh@ t&dh@al mBIQ 266 $L-eMHNR by a user as
been identified, different confi guratl ons are created

belrtgyan@ﬁattd with martfqubatdisgm state, and diffesdnt genfigmetians agpresent
dlff%lﬁg g?tli(gﬁ% 8? gle sg Jr;]lgglcgl S&Béjetsgé’s %%’s%% car @Eﬁﬁ? rt]ﬁé ot

biological processes using, for example, experimental data, clinical data, knowledge or
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5 The different behaviors of the different
configurations of the conputer nodel 200 are used for
wonemioesdive anal ysis. In particular, a set of PCT/US2004/029639
configurations is used to predict the behavior of
opingdrf cﬁfmemwns slaPedimeghe arti mmsltsaof the bpwbeigh maflelsgrsk @herwhigrant
ubj ous. sti nul Avirtu
sourfit i SR icPol Pl mehi tvp et ot e it Epntisurations
are dibALDOBY 8elininS ol HIPatidivQo GRBIMArestheRsthl 20iohs inclided in the
based on the virtual stinmulus to obtain a set of 10

compuepuodelf wpraseriing the ejioé hiolagjenl eracessas.o n e

i 3 '

TSR 08 Y B gt 200
used/for pteaictlse laﬁﬁljlsiﬁ ]nq)a['tﬁfuﬂrf £kt b catfigarations maised tohsedipthe

exanp th onput er. npdel _incl Udﬁ rameters .
beh%%rtoférféeramttr@?ré%fnf%10§$ piA Biologigah ey sEEVRES ¢ ?qt?ﬂqtoaﬁaﬂaus
er, t
stlmglg.m Aﬁﬁ@él%?lfl%lﬁ%ﬁ@ﬁ%{ee? a%tﬁirfeﬁ)ﬁ(dastdé'%ertﬁl%ﬁtlﬁf(mle? F}og@h@%lologmal
systBinolThg camputer modsl 206 iPsmdmsat @dthwvtrtuatktlmuluato chisip@rsetofl
back to FIG. 1,

outsl P pebiaipeigariony de B0S b SuyBa ad Myl By irafates 2

therﬁigﬁ SINBB ek to I dPBbIdfdal Hsteth. SERSGirtbhiakiBnAisSs referred to as a virtual
ntified. The biological processes are represented

therggst Hiom eméplé;rtéat:@mp@f@msrd@lrmﬁmlpamtefr@) thah argzpdtered p simulate
| J [ I
2 t? %ofsa%/ t‘%r%.@% for%P%g‘é%tglgsﬁ‘?“qﬁg a%lg %)la?%lg %eéucﬁltu'n%ﬂatmn of
methitedxagi cal constituent 20 are first identifi ed by a
user and then integrated into a conputer nodel. The
pr oc ‘ ith the
P '._35 " A . ﬂ: : L d <, 1 te 110

bi ‘ﬁe@&hﬁgbackpcﬁ ‘PQGS R st%%ﬁ?@ td of ﬁoﬁigma?ﬁ‘é@és@gs) asg&’i"ated with

di sease State ogl c processes that are affected
clinipyl ow¢ma$|feeapmlsulatt disease statecaoarisientafiédo Thefbielhgieal firacesses are

oD B DT PO PR GORAE o Lo S PRy GEip sypfom. o am
alteﬂnﬁﬁ‘l'eaﬂ{ﬁ?étﬁéﬂfatﬁirﬁ 8 & IOIAb A641PrdoeSits B 2Fpaidiidabislbgical constituent
npt ons, includ Ig@(gthgl ncreased synovial cell density

are Rt xdoniead kit 5er B irtagtated gnoazompuies 10dAk Ehpssstiof biological
prm{%ﬁs_eé %so&aﬁg@%hﬁﬁié )(}?]sé%l/s%l;s zﬂ?e )J&)?céﬁﬁf %ﬁ %c%det forll %ﬁﬁﬁ?lg,dblologlcal

prodesdes bffedingqe.@s calsing) ek d1@¢afs6 msblotogidaEpméssesjthat are affected by
arthritis. In this, exa the set of biologica
the @P%ﬁ’é@%‘é@soﬁ HequuRtiay ot cal processes that affect

" NOHBRL oLyl WL dikl:Re sl AobRled JANMEAARORParttiAls. MRumatoid

a resu eunat ol ritis, or a
aﬂhnnml anabflanmefory ﬂusease ]:Bar\i@:ﬁﬁdﬂiy(lﬁﬁﬁﬂ]kr of symptoms including

PCT/ US2004/ 639 The set. of. bi o] ogi.ca oce ses ar
inorpis G A R et PP he PP SO A A oo pro-
mﬂérﬂﬁa@w cyt6EAs ftivee (8.BS ik SBEPH - 6‘1@%%) llpgynbﬁapﬂﬁat 0B symptoms

avai |l @bl’'e in the art regarding biological processes

are tsferteddo bs olitieal oatconies pérheumatoad ahritisn In fipis examje.fbespt of

b1olt8§1§!%1?p%$rct§|ﬁ{eélmc2 a(%eg% oé?éwal 'df)cle ?h%lt Réc\?\ﬁ(faz]?n ?oﬂi gﬁinqgse %mlogical

prochsed tIRE beiTeciliab h@ébultlbftﬂﬁ@rraaltdld aﬁhﬂﬁ&l bBa 66mbimet10n of them.
conput er nodel, and other rel evant sources.
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Alternatively, a user identifies the set of biologica

processes using an execution of the conputer nodel of
wohersieeliogi cal system The conputer nodel repPESRISEE®4/029639

various Dbiological processes of the biologica

sy§h@mt ofibiglaginal pronprsessre mmaﬁedrbm @ usertfren ffpagatiopfavailable in

the v us..bi ol caI RILOSE t
the a}it&?g%gigﬁ_glixe d1s?aﬁee§3t%t8 or lHl eorrmratm %Pe %ﬁail I ellg rﬁgzgie n%ggrﬁl %b%lggcal
procéiis€d Gfdh€ BioldpicAL SFERDS. mfformamen Bfpidallyased Reidemifytint ®t ab

shown, for exanple, in nput er nodel 200 (FIG 2),
blolagmbnmessméludmpﬁﬂ@én@l %@ﬂcaa@ab@%wap‘é’éﬂdgﬁ PpeRiaioaof

per B350 DB G T Dl T

bi Aﬂt@@liaﬁ@ély,pfmﬁﬁlﬁﬁﬁﬁ@ﬁhé ket of biohigiedl proetssesresing an execution of

associ ated with the. disease ate t he effect.s
the cgppyter modghpt thy @P&p@l%ﬁysmciﬁ é}ﬁ bR ppats Various

blolcfg'iécalkl1 Bia)ghs%éi of HE bR Lt §§{ m, P8 thechRpRe BbddIRsRlels the effect of

val ues representing levels or activities of
the Vtanohmlgobgicabpmsd:ssmmmls drsaaseataye dtdrexabpleathesompfiter model
di sease state ncl udi ng .ef.f.ect nth cl i -
repres R R SRl PP oo e bt B A or example, in
comg@cg@ﬂn@&’el bookewi. ol ComptiRMnolsl ;rw thé1Outrub Blolégl@&brdbésses
i ol ogi cal processes are identified as bein

assogigtsd (Wlﬁlt csetilpge watrixaetabalisas e Comptiter mpdel %Pé)el%wdels the effect of the
|

dlfferenef‘ %&{1 gag é#&% Os%? E)la ﬁgeuc{flh%apgﬁtt@r%xe %gﬁcﬁr%tgcg | gfrn?%lséagg state (e.g.,

the dffbetsdif ﬂﬁﬁ&tbﬁcﬁbgca@w@&m@ s nhaohzcid arthptit)s The outputs of the
associated with, for exanp enzyne .acti

es, .
compigERIeSiclBH R YA ASHTRE : yplG OE B o elEiil sustivuents or
any %ﬂﬁat ?101- BflinE Afseadery t@ ndTE&ﬁ@ fo@c!té’gﬁ ARl clRIQAF&E8&Hes of the

ect or are affécted di sease state. For
virtlmkahmhleapmled tothemaddepaddielsgiesl sa'sisrnm ated with

rh nat idarthritis include regulat
ap e OuiRtisobyt BT paliEtshl Rt Sr oy 0pRagy  BhgRaRHGa with
the dl?é@l@e stateCThb udR 1&6@1@1&1’&!& theret oﬂlﬁél@glcﬂrﬁoaés&%|1ism§l'fﬁlgcomputer
production. Mdifying Paraneters of the Identified
modBIedlougqu@alFOPrhmIMé arthritep ﬂmsyeaszefﬁtéﬁerw Hyresgaipd ag gutputs

ter one or nor .

s S S BTG OB P SBESPERE R pe
funckibgs Gki GinGadic&e baO BTBL&OIdHiﬁlo@ﬁaHﬁBb&Eés thit ﬁﬂcthor are affected by the

bi ol ogi cal process are nodified in 15 to m)%n
disepsorstassi ko csamak: PIRISAA PGPS d5sedip Pt BrBAOid g include

h t -

regﬁit%h??(%@%o&ﬂﬁ%ﬁﬁﬁtosﬁ gleﬁ&{}?%}teg cl)tg?%g*at% ggcéégg@o{pgﬁls B8, T-cell
recrinitteadtirfity, anddegelEBF NS prodwieat i on (e. g., a degree of

correl ation) between the biological process and the

di Seg&?gﬁgatggg¥ﬁ§¥o%r %r_exg%';gentrpeg'éﬁlog%aﬁ’no&e_,_n(gﬁgt_o}esses step 115
bi ol ettt

th Q{e*i’érﬁhg G%eﬁﬁ* ko PIR QS aBerQhcioR ol BRasEcas hRticessefhah@ DA identified
2005/ 026 PCT/ US2004/ 029639 bi ol ogi cal process

as powieing ioutpats aseocizied with e dinieal ppicomes, dhaspeagpetstsaf gagh biological
a modi fi ca ti.on, of 0 p
proq RSB B o KR IR BERGHN OSBRI Bon of e
blolbgipémmthlﬁrt;ommﬁhrfnyddegz@o smpdiek éat rhodificaionalf tlmmoéai@i
is used to identify the degree.of conpectio

biolggipdprofiest Gghenity s.dsgrég oESotRREtiQTHe: 2 AEREee tcaffsltaﬂor%q’etween

the biological process and the disease state. For example, modifying a modeled biological

process is used to identify the impact of the biological process on the disease state. A
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5 Specifically, nodifying one or nore nmat hematica
relations representing an identified biological
wonrosdge1t epr esent s a nodi fication of the bi ol eqiraako04/029639
process. Mdifying a nathematical relation includes,
bioldégical preaesd @ntribuparta thetaccurraisaog the(disagss statieties inadifigation of the

. .specifyin ne or. nore paraneter val ues asspoci.at ed
biolGyical Prore PR ieares i SRyt of e FegS Ak 1otk
impRRRAafidh, ModIBIRYA Rlodeibd BdEogidal PRICEssid ikalltb @gentify the degree of

associ ated with the mathematical relation, 10 altering
conngetigpeaive pifenbielogicahmpecssesranditihdisease sigicat ed wi t h

h h ' . relatj ' ' . . .
SR b 4 B BT B, e
biol8git pefesC@bRPerts #Modifhadr oNYe bicabgieal ptatessModifying a

i npl ementation, the starting value s determ ned, by e s
matheseaticaFslatien inpbies. fPHexaDIg 2DATARAES CRATEE (@8- pliringiRr specifying
. . r ; R ) _
one [ Bt FrGH i les SRl PR AR R RlaE Rlstion atene o
specifyarst behgvibevfoneus innge exieblésrassucadtediatth tHeemgthemaelatahrelation,

col l ected.usi ng biological assa ..Clinical data,, .
SRR BBGDIB OBETRGR (BT 50 ESRGAERPIitehe RO EAEC Ay delaion, or
comBiHaAYt §f@km. t he conputer nodel, and ot her rel evant

sources. The paranmeters for each identified .

bi &laclyideatifigt biokgicrabprocess i mpéified acropnt range tpcaled from a starting

i d i fi bi gl ogi gal . ' !
v b A, LR G L SO P b

partiRGRk eftudPpdticauditiea piréicilangt vBEHaeactdriztics 0A keramplety, thyuser

a factor of 100. The effects of these nodified )
estaplishena sragiiadestarig level wstie cpemmeBrllaby icon dak eplissied using
oSSR U HR D B0 R bk gt
the ¢ongputetasodehdal @thep rdeans smirdehaThe perpresenforeach destified

. _bi.ol ogi cal rocesses of the. biolLogi.cal.system At ste
biolggierl PFgRESHBATHIEER széﬁﬁaqa%’é@eﬁlﬁe%Pﬁ)@&eﬁpﬁoa%Sﬁﬁ tepleg down from
: o] . .
the %%tgh%gglglé’e fgpté%ﬁi]o 5 8, Y L£rabioP Yt 100¢:%chige u? (ﬁ'h eEHUﬁl%rstaﬁ‘i‘ﬁgge‘ilalue, for

amne the effects of

exampldi By & &iciarnd 100, Theeffedtsoidheseonedi Hedprocesses arg amgeled for each
bi lcha?r]%gs in identified processes associated with
1OPEEUABYGPY arthritis are used to exanine the

connection between the process and the di sease state

by obser gikagteloaeltvsittomodifiedBislokival PRy el @tepdeb)

density and cartil age degradation rate. A baseline

outﬁmﬂlswsqérm@ne@ém%@ﬁ R AReHs! tlwiud@a modeler PrRsgeses that
reprglt kB iG bid Dl - RRSEO6 U pidlo Pl YER! R g s gapificd
pardnsetab $&r aadinidentified bielogivdl process iapmninpiht intogthe vempatearsmodel and

I ol ogi cal pyocesses. 1o prqvide one, or..nore outputs,.
mocplid QAR BRC BT BoSoeps sGuaPE 24gea outetntel Ror cxample,

chatiged. éﬁﬁ%{%@ﬂé@&%égsg?s%émﬁft&ﬂwﬂh HeuReoi@ art AR Lard e d fo@ftamine the

outputs to identify the degree of connection between
congedion betvwsen thyi wbeays e the diseassstate by abiendng eiferte e outputs for

t . .A high f. i On..: i ndi
syneetiGataansi O O B EORIE A bR Buiph L Py
runith@RFosHutP AKRES00 ik Rurdittthé ARcaeEs Binboificatio ¢lths varids

~ conpar ed usi r_}% a sensitivi tfl anal ysis. Sensitivity
biological processes. The computer model 200 is alsd run with the modification of the

various biological processes to provide one or more outputs. The unmodified output is
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5 anal ysis involves prioritization of biological
processes that are associated with the disease state.
weemsioenity analysis is performed with differear/us2004/029639
configurations of the conmputer nodel to determ ne
compaybdistthess oomordmogified obtputsap idemtify fire slognse iofisermgetean between

sensiti.vity anal ysis involves r ank derj ng of .

one g Bps g Rl Res s ant MESHIIGH! et Pt dhPIED dggfte of connection can

indicaRNEGERA thePagellBic hr & BERA oRliRd RlentHRstHiblogichlpratakysi s
allows a user to determne the inportance of a _ .
bi b1 oupl izallemersations outputs are ¢enpesit uskie dfensiiyitpad e Sensitivity
state., An_ex . a. bi i 0 s :

g inSoi L p TSRS By Bithcl bR RE RS0 Rl BRL R diccnse

stateS @easitivity aalysieis PeFems itladigferehid usnfigundtions bf thg cohipater model
bi ol ogi cal process can decrease the severity of the . .

to dejeraningeobystaess of epriombiEAeR dB Seme Astace, sefsEtYfnalysis dnvolves

o roSHERE (RpR AOELE SMIER G GREGLR o s
states tSehtivity tnadystoalbowst dneseetot determire thiiroportanat obHi biobagieh process

. .process has to be 15 nodified to achieye a change in

in RGBT 50150 . L st TS o wolagiaL ioies o) keI figportance
is a Bioldicl PYCERIhRTRGERSs b 3N iy 6f tAB HRedsBRAMS. aMus! Rhbifiny this

~ thedisease state tgpl cally receives a higher rank.
biolagienl proviessoranaierisgsedhn seyesty dfdheidiseast ptate. ridgdmpertance of a

. -manner ., such that  a biological r-QC J . .
violfEr s dense it Bl R kol AR Tec P bR Ay viotogica

proce&V¥E théfiseasd ¥ates Bht atso orl the esteht tofwiiciothagbioRgical process has to be
processes i nclude bi ol ogi _caila‘%tﬁr ocesses that are

modifigsttoiarhiswe ashamesa i g savepity pipihe disspssrstaigt Inyagerk pretigg, a

o538 513k B3 S50 B LAOL A, RERR SR RSy s

highehenkp d@k ethkhirddrog) caalalsprbe dess it orepeme upene, swhpbatiadoelogical
out put associ at.ed with the bi gl ogi cal rocess. Th .

ProcesiaRla R BatejmPortantrpiedn E&rpgw_g%st%ﬁm—%mﬁéai%‘w Tl Typically,

the &%P‘?ﬁ)le e 1‘6@5?%&5 1BEud DR gi P PrdcsssEdhatisit MEnfifibd hd'Slaying a
nodi f1i Cgtl o%s of the various biological processes to

morp fropertzat @12 i hadekasestabeit put where all the effects are

applied. .Next, for each nodel ed bi ical process, .. -

- heot SAEi RIS rlalpessS W pmpadch g sd B pRpR AR Rodification of
the 1B841EA BRId AL Bfockdito PRAGEES chrhpdrizgh ealput Ms6¢iase with the biological

produce a conparison output associated wi.th the

prodsso| g eoapapseerput iTHen cewnpyad vadrihe basslipe pupyt ekhe computer

T

base(lilc’lile patplk Ozlhereﬁﬁl thé effdvtcire iappliddoWiexi, rfoltach nydetadadtiological process,
illustrate the effects of di fyj.pg each of t L

the gorapieTrpedel 18 de eabsegqe af (e mdhificagap é?theh‘B\’/‘ﬁ’di biological

prode! 2%5(910@ a%o ﬁigdnsout%.h%ss‘bgfﬁédtﬁrth RBed10208 process. The

I'ntroduces nodifications to an nodel ed biol ogi cal
compansessitpy igiheh eompared imithibe baselimdutputThe out put s of

the, virtual t Ln.re nse to.the, virtual stinul.i .
ar &b e 2 oRAndDETRR Sopyeh g i Rotel 20b (a portion
of VASSEPE ISR WA IVFIA) 2) BRu TRk 1Ry dfftctstdfind B/inbddadl of the identified
synovi al cell density and 21 WO 2005/ 026911
Proqesses 08 200ud peEathaving theymefeidpstriiga fhe gompwter model 200
.. Ther I . .ol ogi . bt . .
i FSERSU T PR PR S st T
outpitgsftlaiiranl paes ip edsporise 3 thehvinteed stiimirki ateeaxpedssed asrchanges in
{ ti .
clinic;legutl:grges associated with rheumatoid arthritis including synovial cell density and

21




10

15

20

25

30

rheumatoid arthritis. FIG 4 shows a graph 400 of the

effects that nodifications of different identified 5
wonrosdeeds have on synovial cell density accor #CmSEm®4/029639

t he conputer nodel 200. In FIG 4, a nunber_ of
Carmla%@qarad@a% Fabe e Eaefogs, thedralogisal @ﬁ@ﬁ&ﬁ%g@ﬁ@eé@ affent synovial

cell%ﬂﬂgﬁ rbrrt%}élgﬁa/ép g&ﬁ%ﬂlﬁpqger}%tér}ﬁa ﬁl eﬁlticr t%%l% i fgfa{rg?ﬂltng

1haanmmnimﬂﬁﬁmFor each identified process t he

r s are 0. provide a_ change.ij

D O & St 2oh A g8 terediepi andiglis Gfifregidenisied
Pmé&iéﬁ??%?g% 5“%%%’2 AR Berty Aocon bl s comriel e 200, MFIG. 4,0
nungtieh of idenoit@bmescssasarheliatted ehthgtthe Eaodnt piamge $ssymevial cell

th L ai d th . hat th t
e o a3 BrfEnP e VPOt BELCHARD T SHigh B mploid s froror cach
identiHdQISIRED HhOphrarIBER akd'RBdIRE t@?ﬂﬁrﬁﬁesa dhﬁng@iﬂ' thé Bidcess along a

S|nultaneously In addition to the identi

rangs %qn@gq stating v duetosmsinciessg or fleprepsgdryraafaetor ofk00eHash ideptified

proge%n) Osyéegz% @1?8%16 gé’( Ia{hﬁe ot glsoéfg%gﬁrﬁ he d co %A rrﬁt chﬁ Riocess is then

oveﬂﬁlfd&ﬁlttheﬁamgﬂaph Ehahs thdolithets Yo dadlﬁideﬁ@ﬁécﬁ;ﬁbcé@ﬁ’ afe édmpared. In
Accor d| ngl y,. nethotrexate reduces the synow al cell
anofhep pplemeniation,mqre Hapiege BFﬂqe%“a‘ﬁ gy difiodh sinukgpequsly.

bi oh0gi#Rh PIHRIERERd @Rﬂ@g?liial bRy eEI% 'ilﬁféﬁl‘i{es the effect of
connection to synovi al enS|ty t han ot her
appbnmg:ms&etrexaif@ rthﬁstardatcbtreatmhmn omeywioviahcelhdenatyl Lineat05 illustrates

the {;‘Ot t%ggl[e s tr%%e%p 8%1\{}1? '0| g%ﬁ Eg gg:?&dg{gg%{;l?(?tgexgte reduces
the 5ROV Gelﬁﬂéfsﬁ }Sy 30%, ﬁr&ﬁ 'i!hé lﬁ%@aﬁad%fafte Borde I%QIJgﬁﬁl‘?fo'c%es appear

of substantia 60% from an untreated patient
to hgwvna geegter cm@ﬂtﬂntmSmmalfqelédlemstydh@gq)tb@n prp¢asssss $'or example,
IIV vi a

it AR e BT b nER copERY PR A e Pronteie

apopll@blaﬁl@ ectiucédihs agmmllcm dedsigs Addusd dhafh@nsid the@ RIVERIOFH at a
nore sensitive to particul ar bi ol ogi cal

redltsme oEsustanialy 6035 o pi uhiFRatsd BtighiovR centipst gRothgoidgntified

0 f
ik S BT S8y S it
unchatged whgaireducéder exhiueet]. Gontéqaemtl}e sapyial celktiisity eypdaes to be

505 i.s shown. a wi.th |ines charting the output
PRI P iR e RO Prosicee B840 PROhe | dent {1 ed
bi gtiegk ‘éﬁd)wspﬁ gﬁgﬁ 366 of ﬁr% et oS HRWIR ImcBfidatidRO®) thy same
shown in cartilage degradation rate appears
modetedy éw&nﬁi@l Qms$sp$ o cartilage degreddtion raieolAgging te effect of the therapy,
o) ot

me SRS i PRI RO B e Pltbndle S O Eibiefer o

deci¥@seR il fHeMBsntiTHed biRouTed] Prsteddel. N Ak twith dyfodal cellldeﬁsﬂz}ﬁélﬂlwn in FIG.
or_ rate of bone erosion) can also be nodeled. 2

4, contitase @2@9@@@?@@92%&11@%9@ seastits Poypapisulasbilpgical processes
than t%roqﬂ? - m Eaﬁ)lylt%g )e#gec‘?tg GF {Heri@en? ﬁ on‘f%g aﬁpﬁce%#g bl Bther clinical

Hat a I catl ons
outcomes of rheumatoid arthritis (e.g., IL-6 level or rate of bone erosion) can also be

modeled.
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bi ol ogi cal processes, for exanple, using the graphs in
FIGS. 4 and 5, potential therapeutic targets are

woOdeostoeédied at step 125. Referring back to Fl GBCTAS200d/029639
5, values for the identified 5 biological processes

gssoc;ated with ;h@gﬂﬂ%ngngmﬂﬁﬂﬁlﬁﬂsgiéih scal ed down
FoRETEme Yk RAEI il G 456 dioit 14 PRk o e Pl 8rd.

blolo%ldzl?ﬁroces@,@sn f&%@ﬁﬂnﬂﬁr uth@ el g‘if&ﬂhs lih FIGSY 915, PBtehtifl therapeutic
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degrbeer efatffeceorecdriliept dégradhtiandate e d%ﬂfqunt lentls af mpdifigation. After
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procééded 00hé OABE bf W%ﬁﬁﬁﬁ%ﬂrﬁﬂﬁ&%e expressed as effects on clinical

outcomes, including cartilage degradation rate, synovial cell density, rate of bone erosion,
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and IL-6 level. The sensitivity analysis is used to
identify and conpare particular biological processes
woaavisrnger1si gni fi cant effect on the clinical oBCTMSE®4/029639

[n one inplenmentation, sensitivity analysis
andiTherleveli dbe pensitiviiyenslyss iz used b iskenify st cpmpamftamqmlar biological

1L t f el o o he
prodh B APtk B A LESRL, 8o g chafon
senshﬁltl@r drahyeis iBergditrop aess of theiolod) oﬂ'ﬂhbmﬁ@ﬂoid arthritis having a
activation, and (4) T-cell, and nonocyte recruitnent.
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IdeptifyBiskgical Comstithént 4 to provide a desired behavior
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a
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s
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OEg

activation. In one implementation, outputs of the computer model predict that CD99
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ant agoni sm provi des a beneficial therapeutic effect
for rheumatoid arthritis. Include Biological
waQ@aostzéuent i n Conput er Mdel Once a bi ol ogi caCT/US2004/029639

constituent has been identified ., CD99), the
antapprippgrevdfies abameticial iberapguiicicfiesty bﬂm@@tqw@mﬁe

computer nodel 200 as a nodel constituent. In one 5

{d of CD99 associ at ed

Indhﬁ‘??%m tcgl &{km r avasaEﬂJﬂ&cMO% recruitnent,
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conspifent s{ReAtperRdiiRg thE ol 250 aCeBets os . Tn one
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and 20 other relevant sources.
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changed | evels of each 25 of the virtual stinuli
untrégedyvaluemmmil Faeal iiNgRBroduction 730 asdvmtsmnwe@d walge.ofhe value of T-

clinical cone i ncl udi synovi al cell density and
cell Eﬁqlﬁ?rﬁﬁ%eggeﬁrugaé?ﬁt%ﬁb gggggThg conput er nodel 20% i s
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of thepdepal spoulidegy maxsnumineposdesxFpyasgian 493)has g8 clipical outcomes
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decr@%tra/s ezc l%éll-c{a (2)1?’[901?168 associated with rheumatoid arthritis. However, other

biological functions, such as T-cell recruitment 710, have little effect on synovial cell density
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or cartilage degradation rate even though T-cell
recruitnment 710 is reduced to .6x its standard val ue
woposHA&@11 A result showi ng only a minor effect PCams2004/029639

indicate, for exanple, that the «clinical outcones are
or cmﬂag&sieg@déﬁlqn rate qvgn though (T callgeemyitmeniif1 048 reduged to .6x its standard
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Themglalqal ouiammes foi thewattuad sfimuli ase shewinrfpt thawirtuatipateent. Again, each
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WO 2005/ 026911 PCT/ US2004/ 029639 conpari son out puts
of the clinical outcones. As shown in FIG 10, the
woan@ueerti nodel 200 is run without any of thePgTmS2@U/029639
stinmuli to produce a first baseline untreated output.
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200 dg ruh i tHolrbamy rﬂihchﬁcatrqub eﬁrstmmﬂ\aﬂe QBﬁBellse mlrtpmt rNﬁxt,wsmn@ﬁcation is

R CR 0 N T RENT TR T W—

one Gf;“ﬁl%i‘é SRhOHLRHcatid 18PPodulB bESTENhBE Ributd. €Bhd Ap@S are compared
ferent nodifications to biological processes or
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ot GBRPHERS B Bl DGO e TP o P G S Aons
of t1&f dogfuter odehBO(o Wetinéd] rob@hisdsh b resalis.Ot her
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Tabl e 1. Hypot hesi sLower Most |ikely Upper
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particular biological process; and the “most likely max effect” represents an estimation of a
realistic contribution to a particular biological process, taking in consideration the in vivo
environment and redundancies.

Outputs of the computer model shown in FIG. 11 illustrate that CD99 aﬁtagonism for
6 months can improve the theumatoid arthritis clinical outcomes by synovial cell density by
40% to 70%. Methotrexate is 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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constituent is identified as affecting the disease state, a set of biological assays are identified

to validate a connection between the biological process or function and the biological
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32



10

15

20

25

30

25 affects or is affected by the di sease state. For
exanpl e, the conputer nodel is configured to nodel
woheos@hésact the inhibition of p38 for a parti cBCaNUS2004/029639
function has on the clinical outconmes such as
perfaryed wiith diffetent clevfigitajionnef tha cenpeigemgdelrta deteftaine refiustness of the

. The,sensitivity anal ysi.s .I S rforned by the .
prionigsipn; 1 rfete S ey s ey SRR 0 fpetions
basel of HQ@ Eedred¥IROAEEHSN &F the diteidetnte. aSénsal ity aahlysis alléWea user to

clinical ~ 30 outcones when the biological constituent

detenginerhsi impertages. of 2 funatienin thesaniskt ofyby dispasegtabe. The importance of
. . oot ) i s Ly -

e ol TP SRR IO 0B i

disedsb etath R ARe ohttAd extenthd svhivhithati fuhathilne td be medifietl do achieve a

determne the priority of _functiops for_further
changg instheiseyegity ﬁ@&@tdilsﬁéiei stte- A 1aPk @r%ﬁagaacfugﬁil Ppiays a more

G S SRR RUBRERAE i

donecianfregersemames, wtch thata donpon drat plagieh ntove tepatant rode in the disease

r obust r;slss of the prioritization. In sonme instances,
StateBeRlYSiA/PVS W& ysi s i nvol ves a rank ordering of

f upgt | Bhowl ARGt AB00 BRIt B4se8 of fset@iviBCAnaBRistod vitidus
di sease state. Sensitivity analysis allows a user to

potentidal dunritions pfe3§. nh wirtuahpasicnt is slefipettoireprepemt e arthrtia lusppan patient.
.of t.he di.se t - . '
Varlly R B 6 S b RB 8 frhod g LG R

behdvidrWE et Hifadl patiadtbassd carttle tvinmal dirselasad stpue dssdciaddwith the
. on the extent to which that functi an haé0 to {l},,e.
clinigg)ufsomes ke Somndorthy virkiphpefient haseh end 0% inpipriign qfipd8. Each
virtf3} §6A7Es R fldeicd B sHnfidft's BIHRE Hihibifloh U1E bhidBulaf lnction,
plays a nore inportant role in the diseaSe state
howtyap) athtd Igvalecintibition dah glse be mardeledT Mhercamiputer dexdiehig rimsbased on
al so, done in a reverse manner,. such that a. function .. .
one ypl §magis af 4fpe [ prRdYGe A fompgfiEn itpp S 05 i with
respedi 3 thel HnRlal SftcdnbO Wiftpitd Bithe Firfhal 3m8H @WSexpr&Ba 4s a percentage
1300 of outputs based on sensitivity analysis of .
changarin sy vighoelbdensity andierstilogn degrndaiivg rata fom ey untresbed pagient. As

i S. i ned,to represent. a rthritic . i .
shorg 1 191 Gl ST R Vil sty TR ATbh S Lertain
fundlieREhdsANsoterdiat foradetia 4 discavasit@t én bheimplemanhion, 8énsitivity

the virtual patient based on the virtual stinuli, an

: d
analysis jsuresformed Ear addigongl ivirtyah patisgitsioj defsminegapesirss ohihg results.
<h i ._ Sdibhiial
e T
assodiatedrifiblegieal prbedsids] efintefestagymutentalhechdmismey ofoction of a drug.

Conﬁ%lgph aenty ’pa%ﬁ;giaag gll}ﬂeg\égllégf caﬁ{?& Ié)?llglpglz tduﬁ)? g@bec ! G %%ﬂgsigﬁger other functions.

As FbivhYRFIG13TWSHS nfliclRd blolzidL Ip_Rfc@Q;‘é@ 8r AineAGMAad 9 Weater effect on
out put for each virtual stinuli with respect to the

clinichi qviteahesdbarcathers. Additionalty, some esuits metratvorse ihaml an vafreated state

. .expressed.,as a rcent age.20 chan iy N novi al el .| -

in 1 o SORIG Seltroet oo AT iE B E R Ral B YRR ThEbotogical

prodébct 8AkRME AR in@idhtingthe gfAR¥IbLINBALhGfBon tHeliditapoiitéomes are
of the virtual stinmuli indicate that inhibition of

idengidied diom thegeredts ohthelsesitiyiyonalysisdstep 4211 Fee exangple n one

. e S R .

oy 82 By A DL EERLRLASe 85046t o over
100tt@ 16leThe b rendining Sinveisss ot thenderfeghértamalyzed.
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The results of the sensitivity analysis are used to
reduce the nunber of functions, or 25 associ ated

woialsogéaal processes, of interest as potenti aPCT/US2004/029639
mechani snms of action of a drug. Consequent]l

paFtd comtamedf affect ofithe bivkagitad constigrent o1y thg Ollmca%/Q}FtCﬁe?S is also

R e AL R

techr@i1R8 kRS wE Ab e twittressdct I TGS, Puhd 8NEsr haiplqtiiecanbined effect on
Addi tionally, sone results were worse than

the cliicelentemes oithe 16 fnetioas hayig pek mpblted a5 WedFlsd. Asshown in
FIG. gg, tgl gfgcgcglgé; & o ged n@}%ﬂ\ﬁ%& h%(ﬁ%?c a it h%&g%%; egé A daRked

based 6 el deigie o€ bB @ athiliition, fione béroite &00% dsshows imcleart 1400. As before,
identified fromthe results of the sensit vitﬁ\{ .
wherythg chagpeferistics gf }@815()5 not=Rll yzgggwﬁi predicfio minimal and maximal

effecits;% ﬁ{Egﬂ)to%;eté(Pﬁrt o t o Sf[‘hte'ere&t)’o ?@@hﬂﬁﬁbﬁoﬁfls &}%ﬁ)ared %)r different

unct 1 ons rom over
leveld (eg. IMmakiamm h#0F niidiet 14005 arat wirtiimem #d 5) amvhlé ps for different

e S L 0 G2 BTS20 OERE T o

metholrbit€ phoout cones is al so nodel ed (step 1220). The
conput er nodel anal yzes the conbined effect sim!l

t oThm@olqgmhmoq@ségs @‘rfmﬁloab anecfugtheranalygprdbby a pegopd ég.e}/?f
sns L B RS A8 KBk B gpornc e

chmd:dl Bk fiteof the gofmﬂﬁhﬁﬁfg PschdhdivdublpabhvrdyGs nilddvlduaﬂlay analyzed for

ef fect the conbi ned pat hways have on the C|InIC
the effgeid$eshibitiondp that a%tgway B%?s%thﬁ lrpigal Qubepmes %?85) For

exarrl}g;i& tﬁ# {4 ﬁ{ﬁcu%s% ﬁﬁg&ﬁ]ﬂlyac ﬁe@sln%g‘i‘ﬂpleﬁleﬁﬁﬁ()ﬁ théd Bffects of

I stics of p38 are not
somd biologidahprucessps edfinttions arecgrezttermhmabthamd Fnagxammle the computer

mOdglfgge f%% 21{% | ﬁgﬁg@ dfél e ta 11? f:tgﬂ{un;-t{;e tson(iy s the 16
are ‘ﬁa@l%tf‘ie gﬁé&t'@f;ﬂiéég %he dBnillal HRcdftd), THRBEIS MulbtiBbard 4dn) separately

as for different 10 percentage anounts of
analyzeiftyi tse@n theTdpsuti¢ faegﬁtts(swt) 1238). aTlelSai §@um@ﬁmfrm>aerth@1 targets

relatﬁ$ g)ca:éagﬁgulgtrolg}o nEt%i egatélg?té? LS ¥edg§eaol|) e egcg%)e(f %k experiments

requfr8€ Rrdirh ¥ Riuadon 1§1ea§¢et1|anawoﬁﬁ@édysu s to be narr ovved
in order to precisely identify pathways |nportan

t hdnother graaple faplementation 1stsh@wgéq Bl 13 agubS W method 1500
for 1%%1‘? ef‘é%lg %%ﬂéer%%htuﬁgﬁ%gét%f a%%lﬁ% gfﬂ%g.l;tﬁm% alyyzed sftaﬁé A’ts st'éﬁ §505, a

Int way has on _
bioleditalicomdtitiEnt mnasted Stiththd 2id&gse sﬁtfr is identifipd by atuh@ Ithe disease
functions are jn fIHVI dual | y

I
statq GRpIRE ASTEIASHIm HES GP Tl paia dGsies. BPestgpragpumatoid arthrits.

Béorsh@Bniat RhfiedOAL step 1515,
A 8R0S GG Bkt IRhaguon

a comutevnmda] offthmbiolagiesl systaum tssmptenaentest torreprasent the frpiset of
f th t he .ef f
roneBph Rl e SR B P ELHRY Rihofital Btem i

usedeparately 20 anal yzed for use as therapeutic tar gets
(step 1230). Thus, the nunber of potential targ
r elAdistep 1580 zsepsifivity: anahysisds oarfomnes Gfhe Srst é%iﬂr?étftﬂt%eﬁt using the

compﬁté SAUSL G BT uls P iR &ontPlute? 1RSe] FRI¥LR that none of the first set of

functions sufficiently affects the disease state, the biological constituent need not be further
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required for drug evaluation is reduced and
prioritized. Another exanple inplenentation is shown
wonodie9115. FI G 15 shows a nethod 1500 for PCT/US2004/029639

identifying a therapeutic target of a biological . .
evaluapest asra therapeuticdergste Hewevsr, ifputpets pf is@ompyter prpdel indicate that at

bi ol.ogi.cal .const.itue ' i ' '
sl SR ARG b BT SRR YL U8 hapa R rem
bioldpca seithel fvithd eviloste® ¥aafletapentid farpet. Hemhsdneiivity analysis

obesity, or rheumatoid arthritis. At st%p 1310, a i
can iflpniify aggeondfsct efrfepetions comrespRrding & ehesh ofdhmurst sgiohfunctions
. . . . . r . o
denl ] A5 SRR 1 e R PRl afohhions,
sensftivitgtanslesis af steyf 1620tihvoiges siintiating tonaplete, injuibeionmf g or more

FuncEARIal L SHLRIEHDD: AShrEr TRy ARl ey el Witk different

confRRERLIBEHRRofnpBtet Iodt] 18 HeteRhink4bbistRES ot tBE Reulthe
conmputer nodel. If outputs of the conputer nodel

i ndit step 8 52hHdbe seoomd set of fimctipnsys modeledfo détemeing phsther the second

ffi.ciently aff.ects the disease.statge & bj. 9l og
ot LR b B b5 sy gl s o
comp§idt HSE4 34diO48 BaPthe@¥edndaktest fafctibnk hesamsiubtioh doas get sufficiently
wever, if outputs of the conputer nodel indicate

affeqtiifag digase platesthe rrdogicl conyitut negrkngt ipe Sirthegeveipated as a

I 05 L1 00y 0L, L S38 oit sco

functibey iapenibiratioa seficientle nifects dreslitdasd dtate ahed theibsologiaal constituent
identify a _second set. of fupnctions corresponding to.a

are fyherarelipied e ahrareutio foragt. 11 3URT BGNESS; GHHE T serond Set of

flmd'ﬁ_lbﬁ‘é’ ét@ﬂatpai 579 rise%érﬂ}i’ﬁ%& ¥ith dit@nd ddnkiBEratlbSeHIBe 8di@p@er model to

or certain applications, sensitivity analysis at
deteshimp rdlB@Gessnfdhemsulés. mul at i ng conpl ete i nhibition of

one 0 fupctions of. the first set of functions .

A 2 Sep daflsepttBiy T is bpformsitg Retefing et HE g vsine
the ERPut@Wicel. OFDuputs dTeh& SRt mo®s eldidafe that 2on¥ oTehe second set of

robustness of the results. At step 1525, the second

funcgiens sffi¢ignity affws theglispasrettets, the bindegieakconstifisat nead nokbe further

second .1 t u i ons: ' ' .
evaJSERC s Pt e Pk P RS AP Do sttt
leasOdnet figction@Tphl @comtDste bf fundiieatsaffidiaitlytdffects ehodidease statf then the
functions in conbjnation does not sufficientl affe

. | 3 .C | / ct.
biolpgigal gpasiiucat iideniificdiss aphesprsytic fredo it @M%W@@&{Yﬁlétls used to
. : . : ;
by | SN S Sonsil vk 1 sk s
playsemoredmpettamifrolefin tiet dismase statec Fobeartein ayplisatidnscsessitivity analysis

affects the dis e state,. then.the. bi ol ogi.cal
ot s S50 bl StraTng spertorbieve Af tavisg SRR e i sespud et of
fundt@h€ €The thBdS & BRNisBStha R Hied 18714 Ading, T6r SAEPIE] efSdrindéntal data
functions at step 1525 is performed with different
(e-g6 dathicgliected enirg biplogival assaysutcdiniosbdate, kngwledee oF apinion of persons
..f qQbust ness_of, t r [ts. Ltivi e
s RS SuBgs b By SN L SORATRR g R . snstivi

analy§ik perfor@ed onpuli Berenmudaligudatiodfithié somputémaoded npdétemmine
nodel indicate that none of the second set of 20
robystest PigRS 18NS ci ent|y affect the di sease state, the

bi ol1Qe Y3 5CORR b bidESHical 88Dy ko dfed With RS third set of functions is

identified, and, at step 1540, identification of the biological constituent as a therapeutic target

is validated based on the set of biological assays. In one implementation, data collected
35



10

16

20

25

30

eval uated as a therapeutic target. However, if outputs
of the conputer nodel indicate that at |east one
woumstoeeni of the second set of functions suffi eCemiSkop4/029639
affects the di sease state, then the biol ogical
using thestti dfiéological asshynis dsed tb wsevaluahetha penlogical cangjidsent in

re, nsitivit alysis is.u identify a
accog 1?edW§§Pn%’Pr %’f?y‘%faﬂ g@o@?&ﬁ%ﬁgghfgyt 0 a subs)ét of
t henSRGOMDISAY ffoffidhb@inl bfditiod debdibed heRirecan be

inportant role in the disease state. For certain
lmplalppmtﬁttm digital ele;@érnmcmrvumy, einalcpsipyter herdstags, fipmygre, software, or

in co %1?5}%)%% 8@%’3 m altéllle etbpr In{ géjl Spqglﬁ nf?[ec? Esd{lrpcgej[?fn!(l:tg r'ogrgﬁ product,
ie., 4 b@nﬁna%rﬁglaﬂl tbﬁgiblysenhlﬁddli@l. 1nfaﬁ infoxampirecangetpep), ient al
"dat a .g., data collected usi ng bi ol ogi cal, assays),
macmneﬁaéable gigrage d@ﬁ]@ﬁp@ag%pr@pa@& igaloer BECatigTsbY; or o control the
Y
ore ik B MRS o B S5 S e
multije panpuensed cdnhgutelipfd gramrdan benfritgmriatiny fismodf prégamming
comput er,. nodel determ r obust n SS O
lang%gfunnt:@dl%cog%pélﬁg fs%emlﬁte@g@%kagﬁ 8 B.CE%F g@@%%ﬁglm any form,
inchRESPSH ALERI- %ﬁé&pr%@ﬁn{ & 4% B8du18fcobipofbhtOft®rdudine, or other unit
|dent|f|ed at step 1540, identification of the
suitabieofovgiedala coopsting eevitonzeny AW@m@p@u pragram egebe dgployed to be run

onoff A S SRE R e e P A B3R s o
interE6rhlebiod B9 4/ DRPEHCAtiDh Mgtvidik. Set Of bi ol ogi cal assays
is used to re-evaluate the biqgl ogical constituent in

ac dbsthpsheoswil €he iBHRNtioN oA Pe Peffomig byt ST SMBGATISFRIRRED e
I .

eSS R b A, AT B
on igfue dith and gelmlra?tmgl dultput dfethotl stepsah atso bapdufamesd by, and apparatus

firmmare, soft or 5 in,conbinations of them
Of tie FYESHHLP R B TR L o SRR BETPRSE IR RIS S AhFEOA (Geld
pro &Hﬁ%ﬂ?ﬂa te' an%%/) o@an%ﬁ@%?ﬁh&”ﬂ%ﬁfsﬁ&lﬁéﬁﬁéﬁhﬂéd erhagl ed

nan I Aformation carri
ma@hicessorssmitable dorstho exepetioe vf @eomputﬁhpragxanoma@ld@ dy way of

for ex cuti or to contro ra
exargp sk Esrl a0 v ke PlrebPgbgersCang i opRRE R SRoessors
of afy KRE &8 BigitaPeodiddH Senedlly, IptobésBbewiipaiveinstrudions and data
conmput er program can be witten in any form of

fronpa trgd @i MGMOTY q>raan@g@@§ ac¢asE MGHIOAY oﬂ@gfb, Thejessential elements of a
com'plrl]ttere alera,% %S%@Q&U Slﬁmgiﬂﬁglc‘ﬁpﬁé&cﬁ&edo% RAGY ‘ﬁ%rﬂo?y dEWces for

inc one program or as
storiﬁ@dﬁdhﬁcnmmmd dant GedehilgLd tomsputar will disy inotuide, orsbalopajatleely
or use in_a conputing. environ A conput er E{O?

couglihotfeccitsilasy Bam o HRLIEE AR 4 08 GBlTe 6% O BPIECRASS cvices for
stor%:dtafap% g ggéﬁce %gﬁéto ?@ﬁcaﬁ'dﬁs‘l’(s Odr cﬁ}n%&lrdl@ddt ecfoARAtRN S arriers

S a rconnecte y a conmuni cati on
smtarm ﬁmembodﬁng/bbmpdtespmgsmofnstrh@lqnﬁ wed tlate inadede dbleforms of

nonyolatfA FrgoR) SENGURERY BPooT SHEa. Rep ol G O acpes: o

EPROW, EEFROM QRd s BRAREY 8 icd@Nmiaidtic dieksge. Nthternal hard disks or
generatl ng output. Method steps can al so bée perforned

rembyablead@sap@gn@towtlc@fdl%eaﬁ ROMranddAVBeR PMpflighte nkhegprocessor
and ?1}6 %Frg 1%) c%.n bR %ﬁ}?pqélgeljltgcgb§ o%llﬁc%%érﬁééd iff spgsmal ﬁﬁ}pgf CiAglc circuitry.
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programmabl e gate array) or an ASIC
(application-specific integrated circuit). 20
woénesggent s suitable for the execution of a CORpPUMUS2004/029639
programinclude, by way of exanple, both general and
s p&e pedvigsufiop uﬁ@acmomrvaﬁr oueesstbe inveniien eambedAwlERenigt en a

oo RS displry Stk 5E° Aty T Blte L5 IBE} G lauig grvsta
displdf RonitdrOfdr dlSEh@HIgQﬂfoﬁnﬂt@dmthh@ﬁsea aﬁdiﬁl ﬁ@y’ﬁoaﬁbzﬁﬁlsa pomtmg device,
menory or bot The essential elements of a
e.g. am@;m\ﬁe o atradldgl, howhisk dra sehepn nreyide &b ksthg ﬁamawér o@ther
S
tindf{BF GoVIETRA b it S8 Brck e (PR Ayt 2 hidd 56 LRTID IR Bfmmpte,
feediompRpadvidel ty themeptarbd amyrfonniol serdatyafeédbank, e g 1 visued feedback,

audl@?yb?qealgacgg(gratggge &eggfﬁ;ggﬁg{rl?leut %%ﬁ%‘%a %g‘aq%g%}e @fa%gr form,
mchfa‘i Bh&ﬁ;] c‘gyea{(%rta]cﬂfeqﬁgﬁtl on carriers suitable for

odyl ng uter programinstructions and data
[ n&“hel tentidn cfanrhtmmpfemmtﬂd in elcamphtngreystany that includes ;qgack-end

of | e sem,.C 0 deV| ces.
compinep i BB St U B R T R ef 2
applRbSHSserferJon thitTh@hdA! a Refitderd ofént, &. gﬁa‘éﬁbﬁte:oﬂip&’teﬁ having a

magnet o- opti cal di sks; and CD- and DVD- ROM di sks.
graptml ysenissiase or aNeebtnew s Moy sl wHiche UsEpPATCRISFRCE WitHyn

oG58 B E1 ok BRI A SRR SO S

froni—éﬁchroamidnems WIrhécampisents of e Symeﬁntandn intarcobaected by any form or
npl enent ed on a conput er hawgg a,di.s dlgvfé
mediingof digiteldpta ORFENEAION, ©-EuB &Y 15) Fiare Exaals of
comﬂfuﬁﬁlaﬁé’ﬂ néRBHSGhetud logélsaPéﬁYét\QSrH (ﬂtﬁmﬁﬁ@ﬁ‘ wid drBEnetwork
user and a keyboard and a pointing deviCe, e.g., a
(“WP&NB,&: g)rthaImtemekbal |, by which the user can pr ovi de
to the co uter ki.nds of devi can be
JUTRERT R e T K B RS
genefrélfy RAIPEEm eaf:l?@tﬁ&aéﬂ& tE;&@M!l}dﬁ@er&& throggs %mﬁﬁﬂmﬁﬁoxﬁﬂ&work

form of sensory feed ., Visual feedback,
The mlmmhnp off@bcmatod ser(v;er ames by élﬂﬂlé@ﬁ @%Rutewr@graﬁmmnmns af the

user g
respil e dppu B i BER SR Pt f Ml o A RS
be AnRkenpRlogdnt such t%b"ﬁﬂﬂohfp@t@ys:‘»ﬂﬁmntthGl &l Ei[(!ﬂsi6ahows a
back-end 10 conponent, e. as a data server,

systath ok 1Eieie 61 & CHREMIFEAMSIEET LA be@pgratedip accordance with an
emb@@lrﬁllén? 8f fthg '?nv%ﬁﬁ&? r Thef)tfon{rﬁlﬁ’ér zgtgfnuf%@é ifcthde Iatpr&ﬂe‘é!sor 1602, a main

nponen uter having a  graphical
memtﬁyrlﬁontaadfaataac mena)ry\é604) mvistearetchnplad hy bhs t606a Theeomputer

sy A0 e B R 87 g PRSP LoD o
a ca{h'ba@ tayaiee conpey @R%F&y) Jﬁ‘ﬁfhféﬁmeﬁﬁﬁé?rfé%@ chi'Be 8%pla980. CHik
be 1 nterconnected by any formor 15 nedium of digital

comuateasysmmﬂ:ﬁ@(bﬁmhmncled@f an ajplrongroericiapiiotevirst P ke-g.» a

| es of n net vvor nel
SR RBtBr e EO LI 2ha (aas dh s RSt 1BER g gena
gen&aﬁbn ddvii 1016€6.8h spehier), C@ﬂmﬁdmgrksm&tﬁaa davicd TedBudie disk drive
clients and servers. A client and server are
unit 1614 includes a computer-readable medium 1615 storing software code 1620 that
implements processing 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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generally renote fromeach other and typically
i nteract through a communi cati on network. 20 The
woeb@teenshi p of client and server arises by vPCTWS20#/029639
conput er programs running on the respective conputers,
appliastibris 2 noftware lcbdni 620crande trapsmitied 98 Ficpived visdbp neffee interface

npl e of one such type of conputer is shown in
da”é$%§§16 FIG 16 shows a system bl ock diagram of a

C O @ EntfonSHal Bedib@R bt in ¢ f F@@Eﬁm ﬁﬂplbﬁhentatlons Other
accordance with an enbodi nent of the invention.
implewenfations asswithim theewpr 0é hedelowing clins s Ber cxgople, éherﬁé?n‘# of the

[, 4

inve SRRy Dol g RehA e ARTRIN O aclith o
I NQHaeR<l@med koo di splay unit 1608 (e.g., a liquid
crystal display ("LCD') or a cathode ray tube ("CRT")
di spl ay) on which a user-interface can be displ ayed.
The conmputer system 1600 further includes an
al pha-nuneric input device 1610 (e.g., a keyboard), 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
conput er -readabl e nedi um 1615 storing software code
1620 that inplenents processing according to sone
enbodi nents of the invention. The software code 1620
can also reside within the main nenory 1603, the
processor 1602, or both. For certain 37 WO 2005/026911
PCT/ US2004/ 029639 applications, the software code 1620
can be transmtted 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 clains. 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 WD 2005/ 026911 PCT/ US2004/ 029639 CLAIMS 1. A net hod
of identifying a therapeutic target of a biologica
system conprising: receiving a conputer nodel of a
bi ol ogi cal system the nodel including a plurality of
5 nodel processes representing a plurality of
bi ol ogi cal processes and operable to nodel one or
nore clinical outconmes associated with a particul ar
di sease state; receiving user input identifying one or
nor e bi ol ogi cal processes of the plurality of
bi ol ogi cal processes, the one or nore biologica
processes being identified as being associated with
the one or nore clinical outcones;
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10 nodi fying, fromuser input, one or nore paraneters
in the conputer nodel for one or nore nodel processes
woanesgggandi ng to the one or nore identified bPormwgzwaln29639
processes; running the conputer nodel using the
nmodi fi ed parameters for t&&AdME or nore node
processes to produce output val ues nodeling one or
nore clinical outcomes; and identifying one or nore
1. nogidhdtes fridekt Hnecansapedis tagpaifartiblabichhgs@pe vbmprising:
target. 15 2. The nethod of claim1, wherein ) )
i desaeivingjarrgmavéer grodebpka bislneicabs sty dhempodel ipeluding a plurality of
r
modf S i | AT LI B SR o o o
mordiflavdallbmgothbeassodipiod withl aiestiadaraligasedtateal out put for
the one or npre ¢linical outcoqgs 20. 4. The qgﬁhop lity of
of regsizing uper pyiidentiyiggone of mgre Mological prgeesses ot the plurality o
i ih,
biol AP RO e’ AR whdte BRIl pRccl B paRs IR C A e ihE
associateé withrthe aneisiemoreddinidal gwdorhesol ogi cal constit uent
oper ghl e to nodi f. function_ of bi ol oqi cal. pro
Ry Pl e el i B pagimefrg o P §fBlisE RS one or
mord R68¢1'\Prdtdsdés @Brrésﬁbﬁia!&inF RE e RAE of hde: deiikal bisloaRbI froedtes;
representing the biological constituent into the
compoingrtherpetaputeor mpde using|theymedified paramefersirgdhs orp quyaore model
effect o h C j : r
procfiste prifbisk dGeE uet BBl 458 br Ay A A BuRERE e
cl ideheBingoerecribs: nevidfisindeddl pepcetes ef 4 potentid] thdrepentie target.
or nore nodel processes affected by the nodel 30
constit

ent on.the one.or, nore clinical outcones. 39
2. votbemsiiesed SeipdrMOSHIIFBRSmERTeST T MAdE Rigosses moludes
provﬁ%lgé E}té‘bl infotbii&H 0PI 1 BStpui@lihdat i ng the effect of

ol ogi cal constituent on the one or nore clinica
outconmes using biological assays. 6. The nethod of
3. cl Zhemethodinfickem 1c Surfher somprisiBe:r ecei vi ng user i nput

7 BRvicite bt TR 57 etk Ry Th SR b

outcBingt.0gi cal system conprising: receiving a user
identification of a biological constituent selected as
a potential _therapeutic target for treating a

4. pa&

te ewsthad oficinisle father €omPEYBE Vi ng a conputer node
of e?arﬁhﬁ%%&% @Bteﬁﬂé_ttﬁéﬁe%éﬁﬁk %%QQO@usfél a4 dhdrhyeudit target for treating

function associ at and Operable to nodel one or
the dizaage sthteninclaldingut cones associ ated with a particul ar
di sease state,; el L . . .
récerving a user identified biological constituent operable to modify a function
of a biological process identified as a potential therapeutic target;
receiving user input incorporating a model constituent representing the
biological constituent into the computer model of the biological system;
modeling the effect of the model constituent on the one or more model
processes associated with the one or more clinical outcomes; and
modeling the effect of the one or more model processes affected by the model

constituent on the one or more clinical outcomes.
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receiving a user input nodifying one or nore functions
of the plurality of functions affected by the
woizalsmgéaal constituent; using the conputer no#ET/US2004/029639
performa sensitivity analysis on the one or nore 15
5. f ulibe mehedaf tlegn ddfupther epanpyisi®gi cal constituent to

I deqtda{]}{n% fhe e%fectocgf tﬂéjgﬁdtggdﬁ cc?l{sn{t{éﬁt 8[{]&16%516 DFBI bte clinical outcomes

u&n@ﬁbﬁ@ﬁﬁ@awaﬁd nDdellng t he effect of the i dentified
set of functions af fected by the biol ogica
constit e_one or nore clinical outconmes. 8. A

6. rreﬂ%%ﬁleg’logloéé mfyﬂﬁﬁleﬁc‘t‘ﬁ@%utlc target of a
bi féc&gt@alseﬁ ﬁtedi%dt Qh@éo%ﬁ;iﬁé‘r ﬁt@ét%ftheaﬁotsgm@yeeag

recei vi I de tlflcatlon of a set of funcCtions
of a bi oI ogi caI constituent of a biological system

7. r uAnmnethod héldcmmfgugerthm@ggnlq targghofzlielpgteabgystgm, comprising:
][T? ?elgfetlvg%i alpt%tlgr lod]:z’%tll?(t?ﬁlﬂfl r?& a ]:_.t‘cl)'I fgl(ngg}%‘g n&ttue afﬁ?cqgcygsea tent1a1
therdpltidmacket f&&fda@ﬁg Qf)aﬂhb@laﬁ@tke@é stfatHWCt I ons to pr oduce a
Second out put; and congarln the second out put wth
t heecpiving a enurpiier merle] gbmbiolggical aysivms iesdnding a Plurahty of functions

asso&?\%ﬁtahg U&\%& lefi’ém%tcl%]lr}ﬁfe%g’ %&ré 811151@:51%%#00 S ag_s%@laf@tvﬁﬁga Bﬁrtlcular

erein cation o e set
disedseRtatd;ons conpri ses 30 nodeling an inhibition of at

| east. one function Qf. the set of functions. 40 V .

2 OB PYRIET YSepEpI  BOBIEHIE 988 5P ﬁﬂtﬁféow? ﬁt?ﬂ&frﬂyg ofjfiypetions
affe@ed ¥ EEPidloiba C(;Hgitaérﬁatl on of the set of functions

conprises Tfodeling a stimulation of at |east one

f unsing tre coimpubes nesie] tof peifonmotai sensitivityl analysis anethp ene exf more

A A0 R AR DB AR Aot Db

mor®RIVEER dsbiRiRETRTRH 088 bPthbreadlthidal Gufcbmes; aﬁ&lt put. 5 12.
A nmet hod of identifying a thera gSUtIC target of

bi Bladgitesihe sfiseianhaidaniiicdcnsel Breiens atiegaby Siatgologica
consltlftfe%t %ﬁﬂ%o%e%? ré Qﬁ‘[f&{l ohﬁ?fn n of a set of functions
0] a 1 O

ogl cal cons uen a biological system
and for each function of the set of functions, 10
8. r ecemeihngd ofiglentifyiypu thdebewmingrget obalbiolagital eystapf it hHdisease state,
function, the nodification of the function
COmp@P#P&spondi ng to one of an inhibition of the function

andeRiviid MiderideARfiSftiochl a sbL¥Gh&@Mbns of a biological constituent of a
biological system;
running the computer model in an absence of a modification of the set of functions to
produce a first output;
running the computer model based on the modification of the set of functions to
produce a second output; and
comparing the second output with the first output to identify the biological constituent

as a therapeutic target.

9. The method of claim 8, wherein the modification of the set of functions comprises

modeling an inhibition of at least one function of the set of functions.
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15 running a conputer nodel based on the nodification
of the function to produce a conparison out put
wazsoretied with the function; and corrpari ng t RET/US2004/029639

conparison output with a basel i ne out 13. The
10. nethwpaethpd of elam &,zwhwh]@rtbq: moﬂ}f@a@m élsetlﬁf dignctions comprises

r.e I r ses of the
mOd%P(%I 03% %loélyg}géé{rlr? asan @%%th&fo&h@ éeg%%o ﬁﬁrgssset of
functions is associated wth at | east one biol ogica
11. proeesstholl of bleinp Buwhdreinyconfpating k}mgéecmid qm:}mt@ﬂ'ﬁethe fitst output
The, nmet hod of claim 13, wherein_ the co ?r &g
includegsideaiafiving a didieisnes batyesn e seeondy m%@ﬁl W OUE o 5
using a plurality of mathematical relations, and
12. de% RS Bf‘iﬁeﬁﬂ?gfn%g 23R R tarkB& ffaliislobRAl dy%iﬂhﬂ%sdlsease state,
ining a paranefric change iIn at | east one
compresifge mat i cal reI ation of the plurality of mathenati cal

;ill‘eeg%}lt"}q}% ‘{Sﬁ"élds ﬁ&gﬁ?e an Oﬁ% aegfofg%rgém 165 a{l?%oﬁ)g%ia{]constiment ofa

bioloRal ystah;iaan of the function incl udes runni ng the
conmput er nodel based on the nodification 25 of the
f ufreerenfuapiipr of thheet gbBBWHRNSSf t he nodification of any
ot her f{’%g&tv}n 881]‘ i3 lt&ede ?1# Oafmo&ﬂf'i%ﬁdnocgﬁhe Abrctidd) %e modlﬁcatlon
nmet hod ot ¢C St heT conprisin running t
of the diutibe I‘comehdmgl td e dlananidbitioh odithe ﬁuﬁctidmeand a stlmulatlon of the
nodi fications of the set of functions to produce the
funcieme| i ne out put. 41 WD 2005/026911 PCT/ US2004/ 029639
17. The déoc{jc SRR drSdMBe function to
|dent|f§l?§g at O%epug%rq%dr.ggigisr?g??gﬁ? the set of
pnﬂﬁun&tmnmﬂmasohmmtm@oaawdﬁm@ﬁbmﬁEwHWLmné associ at ed

compari son output with.res t.he base e out put.
18, The SHTEPHEH Bt C‘EP%%%OE?&%PEWﬁé‘rba%%‘rlﬁﬁrouuspuﬁg 5
receiving user input identifying a set of biological

13. asyay meddQFichid 2\vhéreint@ie dbmpeRsinodelneprbsemes 4 pinrali&_,ndf
nmodi fying the_ at | east one function in thf set of
biolagiiest! prsicssses g%@awl@gscql qesiems §nck gaeh fcBpp gt thgset of functions is

asso&g{éﬁt&lihuﬁ%as %181'8g HEéSg of ﬂfe%gl%raht%%f gﬁﬂggﬁﬁ%‘i‘o&gse&

ng a hera 1 C target a bi
systemin a disease state, 10 conprising: receiving a
14. us&he inoktintdi dfictadmi 18nwhérem &etcompuﬂeunmdclanpremntsathe plurality of

oSl constiien o 5 blolon fals Hekeflug e
modifita€ibh 8Phel nddof YMENR e ABAS | Iﬁ‘farﬁéﬁﬁc change in at least one

mathematical relation of the plurality of mathematical relations.

15.  The method of claim 12, wherein executing the computer model based on the
modification of the function includes running the computer model based on the modification
of the function and in the absence of the modification of any other function of the set of

functions.

16.  The method of claim 12, further comprising:
running the computer model in the absence of any of the modifications of the set of

functions to produce the baseline output.
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bi ol ogi cal system 15 running the conputer nodel in
t he absence of a nodification of the set of functions
woaoospreeduce a first output; running the conpuPer/use@el29639

based on the nodification of the set of functions to

17. prcuoethad sclaimy 12 ftpler;compiisi@ghpar i ng t he second
out.put. wth the first. out.put ' I f . I
oi P Eiaat e ditiet B st & GRS af i dioronce ints

associdled dbBpdFRbR 0dtpaf with aésiedt o thatteseiine ovgmei vi ng the user
identification of the set of functions includes
identifying a set_of biological processes of the

18. bi&@@ﬁéﬂd of glaine iy, fuHBerSOMDEIFINGD| o] 0gi cal processes
bej.n £ i i i j i i e at least
vebRSRRE g lqdhipk Bseaigbolunsiagaseedibg iy

one fukiétdn; @md i N the conputer 25 nodel includes

representing the set_. of. bi.ological, .processes usi.ng,.
G oRogR R AR Tupgiogrin dirser ap 1Bl ahagR Sl te
- Al Bt MNRahe Y8 t he conputer nodel based
b1olo%1}] tﬁae m?di fiacat iagn of tghe set of functions includes
executing the conputer nodel based on a f)ararre,tri :
19. chAmgethpdobidentifzine acherapentisdarget ofz biplopiep) Qitent 3 @sease state,
set of mathematical relations. 42 WO 2005/ 026911
COMPBETIRIS2004/ 029639  23. The nethod of claim 19, wherein
C OR8Ny iskeidestivation of puét offfirivtivheof 4 bistogmal partstituent of a
. includes: identifying a difference between the second
biologigabs¥steid the first output; and conparing the
di F[g%cl% . AcdrPbaBRO I s¥BdUBnctdnddh a LomiBlitBPRho41 of the
idg(fgll% nawgbt lg?a eu'ﬁg tasr get o(% g bi ol orglﬁ%al
biolepyaid eystém; a di sease state, conprising: receiving a
user identification qf. set of biol ogical ce .
< SBEHH 86 CHRELTO] Jf B Ra7oE She A1 0Bt R 3RF G Functions o
dakoh agt 6adpusystem the set of biol ogical processes
Pro be‘?ng a ?Bgset of the plurality of biological

pr oomésthe ca@puterimode) basasioomniibe stodifirgiipn phtherset efifyagtions to
of a nodi fitcaéi on of the set of biological processes
prodpge 3 5eeq0d QUIRUE A4+ o4t put : running the computer nodel
bagggpihg e s¢vedi bipat wah tief filsheutpitto ddentifypthe dialagical constituent
processes to produce a second output; and identifying
as a ghegapfepde Kgss bet ween t he second output and the first
output to identify the 15 biological constituent as a
th | : inl€ei i FiBatRsh, of the set of
20. | BRI or BEAND, whoeil TR et el of
funguiooc@sBess identifying a set of biological processes of the biological system, the set of

biological processes being associated with the set of functions.

21.  The method of claim 19, wherein incorporating the set of functions in the computer
model includes representing the set of biological processes using a set of mathematical

relations.

22, The method of claim 21, wherein executing the computer model based on the
modification of the set of functions includes executing the computer model based on a

parametric change in at least one mathematical relation of the set of mathematical relations.
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corresponds to an inhibition of at |east one
bi ol ogi cal process. 26. The nethod of clai m 24,
wohersaépit he nodi fication of the set of biol ogPcalus2004/029639
processes corresponds to a stinulation of at |east
23. onBhdingthed ot ellkinp i Bowkereinzomparing e speandsmtsit viihgherfipst output
lu{éherel n the difference between the second output and
o first output is predictive of a therapeutic
ef fdeet fyifs 4 differaned bétGatn e sedont batme tindthelfirst cagputpdnd
processes on the disease state. 43 WO 2005/ 026911
PeRRrnethodifmce withs thieehpld valtei dent i fying a
therapeutic target of a biological systemin a disease
St L5 st
24 Bafetno f QRENTYRE 1 RPHAARY 7 i ogRATGotom in a diseaso stae,
compribinyg:i f yi ng a set of functions of the biol ogl caI

const.i f uent ni.n 0 [
o e B OO AL SO GOSN P TEReE OB U
biolddidal EstiRiehiPdtta blf)}é)f%fb'apﬂlsieﬂﬁ {16OI¥P B 86108RALProb s e by a subset of
the nodification o the set of functions to produce a
thepétealaim@fbmlwcalpmmssﬁsnparu ng the second output wth

the first output t ntjf ! . :

coep e At mddtt R bbisled {fs RLBARRGBY the et of biologica
procEREI O Dréduce ladirsn utv\,her ein i dent [ fy| ng the biol ogical

constituent inclu i denti fyi n set %f@ 'dﬁj oql cal

pr Bwaingdhe a@t%létplame@el\hasqsl e Hodticaion p5f ¢prological

constituent as being

procgsgggg%lpg%{de asgﬁorﬁhe set of bi ol ogi cal processes. 15

30ideftifyinped didittrae betmican A2, scodndrapitput iané ftei firgt ovgputheidentify the

set _of blolo cal rocesses i ncludes running the

bwl%%a?rzﬁl %H%ﬁa@smga@mtﬁ%? ‘the set of biol ogical

processes as contributing to the occurrence of the

25. di Tﬁ@ﬁ%ﬂﬁﬁ@if@lmﬁ@l WhereffEhb afbddicatib@bMhdQet yRsIBLRallg6cesses
conputer nodel represents a plurality of biological

corrgspourisds @s infibitine obpideasypaabio piocesie set of
bi ol ogi cal processes is a subset of the 20 plurality
of I .
26 o1 eGSR Sy AL I OBl pocses

correspélhdsde&.stlfrmllatmcdf ableadtogt ballogicadparsssof the plurality
of bi ol ogi cal processes, running the conputer nodel

r}g%égp L ca%y g]%pg thfqbl ol og%ecalt¥£rq%§€ gutputandthe

first %\1 Pﬂ'ﬁédlcﬂemstﬁeraﬁﬁﬁlc%@em B &ifichgorc&MBakdtoPBiological
utput wth a baseline output.
processes on the disease state.
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32. The nethod of claim 31, wherein executing the
conputer nodel to identify the set of biol ogical
wonrosdgerds further includes: identifying the seCcTml2004/029639
bi ol ogi cal processes as having differences in their
28. ash ortmderf identifiying i Semapsutip target wif 8 iolegiprd systers in pdisease state,
basel i ne output. 30 33. The nethod of claim 31,
COMPi¥ei n t he baseline output corresponds to the first
oytipitying4 b¥b Z00%0AAGHdnt aR¥CEiatdd A0 4 QROG33taBE. A
met hod” of idenfifying a therapeutic target of a
biidesifyingla ssieftfunstions af thedielegicakegpgitueBonpri si ng:
executing a. c re ' f: :
o1 G dap RpF LRI ElnTRE Bseh drdiRbd TRt of fmctions o
prodtgfeaq‘ndﬂ@ﬁmg state, the set of biological processes
eing a subset of a plurality of 5 biological .
privaRiss e cmmrimgﬁeﬁba%d sp %@P@é&a%%%ﬁﬁ? gL gf functions to
j .t h.4 he set of biological processes;
pmdl?%zﬁgst%{:ﬁ/dﬁﬂléﬂﬂat’ %gt of functions of the biological _
C odvdipating tiie, seearchoftpuiotiilothe dirsttolitpus tt idefitifyftlgeiplogisel constituent
ei ng assocjated with at |east one biological process
as a [erapefliCHRigPly) i ty of bi ol ogi cal processes; 10 running
the conputer nodel in the absence of a nodification of
29. t hensS@EMBA of Hiakh DONFhdrein iitRE € (e Hiblogicalodshptitient includes:

runni ng the conputer nodel based on the nodification
of idemifyingta ssf of binlogicahiaropessesssriaied with &?ﬁ‘oﬁlc\l‘éeaé"’aftﬁfﬁt and

a n%e%giﬁﬁ rd)}g ?iﬁiec!é?ﬁa? ?&%ﬂ%eﬁyﬁs%éﬁn%"ﬁtsg&iﬁtgf witht8d seP U Pidlogical

t oY ological constituent 15 as a
procésB&y apeutic target. 35. A conputer program product,
stored on a conputer-readable nmedium for identifying

30. ? O’tl“llgqi{gg %atoiﬁ E@ggé%ﬁrg&g&%ﬁéﬁg Iﬂlletn sg:g B@io%gﬁla&%%sggsl ificludes
m@%@@éﬁ%ﬁ%bdé? fo ﬁleﬁnﬂlli)tgl etFQ 51 bRASIi G pidtesses hs@msitbuting to the

at e, e conputer representing a set of
occufrencst afdhsdisdasastaicol ogi cal constituent of the

bi ol ogi cal system 20 define a virtual stimulus, the

Vi kpual St us .hepre ' I ' f
s1. g Thgheul B elR S0 PhERb BB PRRboal SR plkidfiy of
biolchikGEE PrRedbs bihthie Bioldgicd] spdtérthei Settof biplegiced @ravefses &ta subset of the

out put; and_ run the conputer_ nodel base& on.({ hef £
plurality pffaiplogiqahiiogessess apt B the SRy BAdY ie idengiyahe seto
biolo-ggg 1 Eltoggﬁgg in@fuqgd.ai m 35, wherein the instructions to

I he the conputer nodel further conprise

| nédrreact biokugidabpmbeéssod thee mimatity eftbjologichl mypesgsasal

pProcess runeS nolrfg tLQ gorg{)gtlmp gllocciglbased on a modification of the biological process
to produce a comparison output associated with the biological process; and

comparing the comparison output with a baseline output.

32.  The method of claim 31, 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.

33.  The method of claim 31, wherein the baseline output corresponds to the first output.
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systemusing a plurality of mathematical rel ations,
and each function of the set of functions is
wazssaeetied with at | east one bi ol ogi cal processTaR200M029639
plurality of biological processes. 37. The product_ of
34. c| AnmtiEe] ofiiflentiéying alteerapentic targstod ¢ bigjogiedlisystemya a disease state,
virtual stinmulus 30 further conprise instructions to
COMMYEiene the virtual stinulus as a paranetric change in
at edeBdfils a @MuEiheTBRtd idahtifiyel sat éfbiolobichiropdsesahattcpniribute to
of mathematical relations. 45 WD 2005/026911 .
an oe@TENIS2E e Slivasette,3he sctiof biglagicat prasesses beRg 8subselof applprality of
.o conprising.instructions to: identify a difference
m°k§5gplgé&$%% second output and the first output. 39. A
Pr dentelyingH Mol dicanconsitinefptuissiciatebetith ke seeaf hinjogical processes;

: 2&2;&%;??@? @é%gé&eg %{flgfec‘tgé]grg%glt (igng@tggm%mcﬁon of the set of
ﬁmctE&&Go%ﬁI%%Sch%ecﬁwﬁﬁ acih& gﬁe BRI A hravaseds ied pﬁralit;g of biological

1ol ogrcal systemin a disease state to produce
procéxasel i ne output; define a first virtual stinulus, the

first,viptual sti e o i oat |
L finpine the, e et 1599 S G RBERERPL & ol Rl bF B spfhg Hmctions to
mpd?%ﬁlﬁ&i&@buéystenl and run the conputer nodel based on
e

first virtual stimulus to produce a conparison 10
outyuingdbs ewripittercmodal hagedeonsthe sodfigatien phthe sef of fgetions to
roduct of clajim 39, further conprising instructions
mndﬁ%?a§§9iﬁgm'm§g%%nd virtual stinulus, the second
Vi eérgdringtthéndcosd o@ptesih therfistoutpmdo fdentifyi tha baflogical constituent
second function of the biological constituent; and run
as a therpewifpdtest nodel based on the second virtua
stimulus to produce a conparison 15 output associ ated
Wy Erib%te? & VEUilct, Qfbredtdn a SRBpRERLHEIHIO mealudi, Tord@entifying
35 furpﬁé co%ﬁ%ﬁ%?ﬁb instra%tions t%: identify at |east
a thevapeutié targee, dopsisinizuingtuctanseprahetostapsmapiogrrshae pepcessor to:

DR Gk SRES bl SE00FA TR Wbompter moce

représ@ £t BF RHCAMSITADBISTogicsl hsEtuent of the biological system;
conmput er -readabl e nmedium for identifying 20 a

t hdefneevirtalsimydus, theorsval stipgluspepreseating A gasdyiagasipn ef the set of

ﬁumgo cause a programmabl e processor to:. receive a
SW%uter nodel of a biological system the node

i Nedriie BemButet tibatliih yheodbsewmede kheprirttuadstiamlusep pesizne 2 figst

a plurality of biological processes and operable to
Ompﬁﬁééﬁ one or nore clinical outcones associated with a

patly ﬁ’l? | BhpHieS£R38 takéH &'Eth'é%a‘f SLMARSE té Pidddhce a second output.

identi ylng one or nore biological processes of the

plurality of 25 biological processes, the one or nore
36. bi Glhegratiakt gfickimsife whowimtheiitkmctionsda dgfngdierggmputer model
ﬁnﬂ?e? %81%%)%%6%918%0%&15 gede%rﬁg a% urgfi)tryeof %&dl@éigﬁlpr&%gs%g "B e biological
system using a plurality of mathematical relations, and each function of the set of functions is

associated with at least one biological process of the plurality of biological processes.

37. The product of claim 36, wherein the instructions to define the virtual stimulus
further comprise instructions to define the virtual stimulus as a parametric change in at least

one mathematical relation of the plurality of mathematical relations.
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nodi fy, fromuser input, one or nore paraneters in the
conputer nodel for one or nore nodel processes
woanesgggandi ng to the one or nore identified bPormwgzwaln29639
processes; run the conputer nodel using the nodified
38. paThnmbémcs of olairh B8, fmhelmommmmgrmﬁelctlom)wpr ocesses to

produc ut val ue deI I n i cal
uEBT g s sy Fy T e on SpBRERbr A g imsbe
processes as a potentlal therapeutic target. 46 WO
39. 20R%r8&RH Mor& i Mo20pdeA 681 A3diull)dorpidentifyingef thedapdutic
42, ‘wherein the instructions to identify one or nore
targeﬁmetpnsmeo@sés%sn& aperalilicle crpsta RTe BTABHRAN S P ERFPHIE:
i_nf t
Theexeglrltg ﬁ’tque"rc chef &t Z@ﬁlgggrctghs 5 {%ggﬂl ap&ﬁtsea\é@ Lid&Sto pittuce a
basehm@mpmtl ons oper abI e to: provide the out put val ues as
o oo s il el B bR oo o
a ﬁrs‘t QRGb IOFQ b%o@&él&a‘l' %ﬂléﬁ'ﬂ?&:ﬂ?@ﬁh@%hﬁoé@d s§fa ARl each
otentia erapeutic target for use as a therapeutic
t arupethe ﬁmnputale:abdei dpasetdtvm the Setyirtust stireylus frpiodiens comparison
nstruct e|ve a user identified biologica
O“tpEtoq%‘i"i”lt?fem QL Y% nodify a function of a
. biological process identified as a potenti al
40. t hehapRdubtolchigsy, fukther ﬁﬁﬁpﬂ&nglﬁleﬂtudtfmmlto
i ncor porati a nodel const i tuent, repres [ t he
bi B¢l acwporégmwltsaemluﬁ, theseeand Vi 8@1%5%1118 he
modﬁic% ?19#)?9& 81¥&5 Wi BEAL bfcﬂg%j@eflf Slgstt tt?énttzﬁ‘ﬁ nodel
cons Lent e one or processes
as &ﬁﬁﬂhabaﬂpl\tﬂet otl¢iébasstomthe senoad wirival stahulos tepredsce agmnparison

del ge effect of _fhe.one or nore nodel processes
OutP&??Sé%‘tl%t B’ﬂ:‘ht]hees e constituent on the one or

nore clinical outcomes. 46.. The product of claim41,

41. F UTHBBFodaeaadlatini 1o, ﬁﬁﬁiefbtﬁhpl@dtﬁgﬁ@@ﬁ&wnetdo receive
user input creating the conput er nodel of the

bi identjficatileasyenecofithefirst fngBempandsthe 9@@@@5@%@@@ daving a
.stored. ) i
aifrEtdd b oo ap poreBanpr SfaCintR o} phRERE b0

to cause a programmabl e processor to: 20 receive a

42. USEY coniifitér pro@ain proded, storbd Ohagomphtec—waslablb wegalium, for identifying
selected as a potential therape t| c tar

a thftri‘ll?él‘flp tRjeel GRIPRIISERY 1§§trlaqt1§g%g1éer§% gfqecau'seeg BFQ%aIﬁmable processor to:
pl Y af\%t yd&ﬁ)%ker%od%l 5f b BYEA sy%Ye?ﬁ Sii0 hﬁﬁél‘iﬁblﬁ& ? a plurality of

unctions associ ated and operab
modebpiebesseseremesmg aqilmralltyaif binloglortmsocsses @hétOE@r abtettmm@del one or

B o S5 S KRR TRR BT | 1
f ungdeh@nier ﬁfwﬁﬁﬁ&ﬁffyl% ohB 6r Riofd Biglogilal FRB8dskd oAt plurality of

biological processes, the one or more biological processes being identified as being
associated with the one or more clinical outcomes;

modify, from user input, one or more parameters in the computer model for one or
more model processes corresponding to the one or more identified biological processes;

run the computer model using the modified parameters for the one or more model
processes to produce output values modeling one or more clinical outcomes; and

identify one or more modified model processes as a potential therapeutic target.
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44, The product of claim 42, further comprising instructions operable to:

provide the output values as a graphical output for the one or more clinical outcomes.

45.  The product of claim 42, further comprising instructions operable to:
examine each potential therapeutic target for use as a therapeutic target for treating

the disease state, including instructions to:

receive a user identified biological constituent operable to modify a function
of a biological process identified as a poteﬁtial therapeutic target;

receive user input incorporating a model constituent representing the
biological constituent into the computer model of the biological systen;

model the effect of the model constituent on the one or more model processes
associated with the one or more clinical outcomes; and

model the effect of the one or more model processes affected by the model

constituent on the one or more clinical outcomes.

46.  The product of claim 41, further comprising instructions operable to:

receive user input creating the computer model of the biological system.

47. 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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