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WO 2004/114195 PCT/US2004/018485 PREDICTIVE TOXICOLOGY
FOR BIOLOGICAL. SYSTEMS COPYRIGHT NOTICE [0001] A portion of
the disclosure of the patent document contains material that is subject 5
WO etipyiidgHBprotection. The copyright owner has no objectiondw/tisenos/018485
facsimile reproduction by anyone of the patent document, as it appears in
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[0002] The field of the invention relates to predictive toxicology. For

example, methods 10 and gpparaisiar \dspifying a potential toxicity of a

therapy in a biological system are described. BACKGROUND OF THE
["QRHEI%‘@@}“N%% 1T HE i @rtceAAasBTRS BigPRY ARkl dTied stis subject
to SEPYRBhIISERYEDN. PTaCHRGALHESHAS; KAIGA BRRNRY 18 Ack ORI production
- cﬁroval tAs II?e}rt of the drag discovery prog\t;ss{, als blologlcal. Drocess or

YBibi8gTcH s metiett apeBe Tadmnsa s 4 i fordrmrap lifies patent

filenodedatiniiieoitargetidentificaticanibiatidationhaNextethe drug

discovery process typically shifts to the development of a compound that

can interact with that targefinpRotharaReiicaiNrARpopriate manner (i.e.,

{Oéead identification and development). But fo take a compound and turn it

Atd a Gradietfe EMnpBmESHREDE BRfiiradaraomn atie iR mRelmethods
and hgyibags e cuesting 4 Yhaitis eptiong aravhabstitarashould beusedto
de§%ggf§a particular compound for subsequent stages of drug :

evelopment?" When dealing with the interaction of a compound with a

complex network of biological processes, achieving an "optimum"” is,

mathematically spesidhg>erntditnyaiaie 1 W HABIGHEY words, the
[0esNPog shaMghenacseBaRISRI RivlRalOMe: NEBHIRERRIY, pre-clinical
tod ffica&:iausr. tdi%fwl\aying 25 1%propriate ai:c ssibility. measures absorption,

distribution, Tetab SRS St oek PRHOH e BATER) el ghies gy process, 2
bidpgrepriatephar melogitakbtimaititqpharmiac idyirifin as messttaget for therapeutic

MergQyet, th com Il[ﬂg? j‘} I fe. at.dgses anticipated for
mtherape]eu(l%ig ’e%icacyag 0 8% erﬁae%é)c?é?? F%aﬁ?'re et%’?ﬁgéeﬁl%s dﬁ‘"y"B’ﬁW Hew
tyRiFabY tBifsdpdbesle eapmanief asampsnnd thateaisetad pithdhatimigerinef

thedipash falAbpinaienclinical and Clinicsh (iR 30801 A RIgNicat o take o

contribution to these costs. in particular, about 53 percent of drugs falil

CORBARY PRASET HIURACPE LS SRR ShRA iSRG B fedavadn dee-like.

Thatisegs dueqtestinexpatisdssysient-sidesftetts assadiatrthviiascenplex
etwork of biological processes WO 4/114105 PC'T/US2004/018485
P e R AR e L e Ao SRmen e e
ntesepiiararya compound with a complex network of biological processes, achieving an

“optimum” is, mathematically speaking, a multivariate problem. In other words, the

compound should be acceptable on multiple fronts, including being efficacious, displaying
appropriate accessibility measures (e.g., absorption, distribution, metabolism, and excretion
measures), and displaying appropriate pharmacokinetic and pharmacodynamic measures.
Moreover, the compound should be safe at doses anticipated for therapeutic efficacy. |
[0004] The costs required to successfully bring new drugs to market are enormous and
continue to rise. The large numbers of drugs that fail during pre-clinical and clinical testing
are a significant contribution to these costs. In particular, about 53 percent of drugs fail
during Phase II of clinical trials. A significant proportion of these failures arises due to

unexpected system-wide effects associated with a complex network of biological processes
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feedback control mechanisms can react to molecular interventions from
drugs in unexpected ways and can contribute to the incidence of adverse

W tg)ﬂ)(j/cllg}qents. [0005] Currently, criteria for advancing compounds into
su sequeﬁ? stages of drug s development are often incomplét&'Enaopotriys

predict the compounds' clinical effects. To reduce drug development

thacosisrbshimprovestlisical BuccasspiatesBnauidhe desiabient ouatory

faegtl)iac lncat '?e)[arl hose com]g(_)unds that a]éﬁ predicted to produce toxic
eventso.r% (%% FeVBUS AREHRHES MY PRSI RiNEE e figes in unexpected
walieinformatits teichivithueimddehcehé mbiateroaticd decbrigues.

allal iGgs teclhni ically attempt.to. predict 10 biological
O S B B - bndearsaenore
devglomaraidrprreinnespreissiondeterlwhitdichémoinfpumadic s leahhigies. To

redié '@@@fd@&@ﬁ%@éﬂt PRl %&Bﬁ%aélﬁggpﬁ%é& ?a?%)smva%% Qé! desirable to

. associating chemical characteristics of the. compoun th a particular
el ety g@%ﬁfo?@é?ﬂ?@éﬂhﬂ?ﬁﬂ‘é%?@iﬁf%@ﬁ?&?i@t@é lipduessan correlate
[0006RNORS HbgeRe:0p R Aigifedio RIMCRAIRE FRla ML A RASHEWRE techniques and
ch é})ﬁgg glll%g{{:cal tgandltl%rsl, f?uch ]éechnjques are generalg]\;ncapable of .
Rdependenty and BiFci/ THEPTRINGG ESheigues dnairdicmms iaar wWisids,
biogrmgescans tudhyormphysidlegit ah eanditio aroftenicapnehdRling of gene and
istingui ghange se th siojogical candition. .
p% O%%r@%ﬁ%%?o%?&naﬁcgi% é%%&%%gﬁéﬁﬁéﬁh% ot éﬁﬁé‘ﬁ?{&' ﬁo%ngg?ﬁggl%
biolpsital SppRsaSi P pRBRSIBRA datassatisin g rhansical lyhabadevistt i Désalatedimd
witeel saficliss Beosslasspaasaffect or be affected by a biological system
a le.. [0008] Chemoinformatics technigues often require extensive
W‘@ﬁbwﬁ%%ie 8¥°aﬂ%9%&aé}°%t?ab@ﬁwﬁ AP RATRIEG Gh g8 BESOFSEPiA
expresion dpace ttep restaiatiohybivpattsidendidbaei esnaliesstee iguesy
. I t to seament a.chemical shape space hased on
e o o e cbrerde
chapashvisierd S mphiveivieginmiquedtioniofckronletipe dftutedshed | fahapadsses
thaP SR IBRPRRIRIR 8081 DcRNSSeNr&RE G INA Rialogical ufgglgf@rp Lapmot
environment, such that chemical shape often cannot be accurately an
PSR G A BN BEPISE R g s aeat A Mibishion uvslly ebsatv ot the
isolaed nefliete tusowiadgreof mheatieal ahrpgrdhedbpensionably 958 as 2 whole.
[0‘1% ble hé%glen ce)zralelt ok géigﬁ:d bg/ (R{%ectin the true vector space into a
ower dimensional Tepresentation. 50 FIgHE S RHEA o frftbegpical
shapsyehidinkapsilsdgk prbs empatiohtrarecdistapeestitpreftaminal Jnapeticular,
: L : Lot edictive value of
P A R S R e
on igf5Eet ASFOHaUMSIRATE A GRsBIGHE AR andddel esipsbrespdaveldpdtaeback of

sudnethatmeaig that knowledge of chemical shape is often incomplete and inconsistent,
especially in a biologically relevant environment, such that chemical shape often carmot be
accurately and completely characterized for vector space manipulation. As a result of the
incomplete knowledge of chemical shape, the dimensionality of the problem is generally
reduced by projecting the true vector space into a lower dimensional representation.
However, when projecting into a lower dimensional representation, true distances in

chemical shape space can become distorted, thus limiting the predictive value of

chemoinformatics techniques.
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apparatus described herein SUM MARY OF THE INVENTION [00101 In
one innovative aspect, the invention relates to a method to identify a
otential 5 toxicity of a therapy in a biological system. In one
V@%Bﬂ%ﬂﬂ? the method uses a computer model that repreBeRgSa08&0 1583

biological processes of the biological system. The method includes
[ooewcutmg; nglﬁemmelfgﬁﬂﬁﬁ%@ eniifvaaficl ReiQlRiplegicalRsacesses

contrib tln tge occurrence of a toxic state of the biological system. The
appr%@fﬂ% eﬁf ShEMEEs identifying a set of biological assays based on the

first set of biological processes to and testlng the therapy in the set of

biological assays to iRy . YO Nprocesses modified

[Olﬁmthe EH %%ﬁna-\nl%@ %gﬂgt M&Hﬁ@éﬂﬁlﬂ%&%@?@'@ﬂ%}a@l@t@ 9&8&&? a gotentxal

toxicity of the therapy based on the second set of biological process

toXiE 1 ahsrmy & %ﬁ%‘@&tﬁﬂé HsHEet, Inennoehedimelatss feethod uses a

coﬁgm@wd@a@hab&grm@d Weet! BIONS QRPHINERbsheEompigEfegdable The
nff ni ir:wbcludes code to define a 15 computer model that represents a
me% ? é

P Es SO TP g AP é@@%@ﬁs aHat SeRbDtRierea RFpEesses
comhdditing adshdnchnlescodia todefintca Vitte ol StipitUssTde Vittdahethod also
i B B o R O e Dles

set o | Processes, al’]daffzfsley Ication Is aSSOCIa OXIC

ana et ﬂftfetbmmg isdhsysterhbidlngicd mﬂﬁw’eme&h?dalﬁi'@ weedidmehuriférlogical
proB&dkdas £ugedoaxeeathe sampuiesdmedellased2 Qd@ﬂtﬂ%r&' 'Eﬂéq:lotenmal

stimulus to generate a virtual profile associated with the set of biological

toxiptxsddhe ¢ I BESERIP RO FHOlRAWINESSR80121 For a
[odxatter Undeassianaing afih aspa&ur@laﬂﬂz@i@ie@@@efegmeﬂgm@%a&mf

g S o e e 0 e fefine o

escCrip |onffa enin COﬁ un t e acc
compitT r;@@iﬁspﬁt@epr@hnw@ aeﬂ oﬁ\bmiag;ddmdnemﬁ@amg altpolteritil dpxcity e

coﬁlﬂﬁ%ﬁaﬁ)ﬁdgb"f’e DIIRRICAL YL AGEHY @'dflﬁ ASmRed! #%ﬁﬁrso%tpe virtual

invention. [00141 FIG 2 shows a system block diagram of a computer

stigplsArRRIFH TRt o 3blerstenp éwhér@hmaww&amﬁapf biclogical
pré@fiarendade nﬁfé@ﬁéﬁiﬂm te @a&mﬂe@@m@m&&mtwm@%wéé L len.
Th3 shows an e n%%?d8 ule, dla am of a computer model

PRGN i SO, SIS G408 PUOAP IS ggompter mode based
onm@m:ism@mne%ge@m@ Fitud phafils asexaspliiofha sampisidsaicel
pr&!&%@zﬁa glucose levels predicted by a

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]  For a better understanding of the nature and objects of some embodiments of the

invention, reference should be made to the following detailed description taken in
conjunction with the accompanying drawinhgs, in which:

[0013]  FIG. 1 shows a flow chart for identifying a potential toxicity of a therapy in a
biological system, according to an embodiment of the invention.

[0014]  FIG 2 shows a system block diagram of a computer system within which methods
described herein can operate via software code, according to an embodiment of the
invention.

[0015]  FIG 3 shows an example of a module diagram of a computer model representing

hepatic fatty acid uptake.
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computer model (shown by the solid curve) and plasma glucose levels
tracked in a free- feeding situation in volunteers who take part in a clinical
study (shown by the sequence of data points). 5 [00171 FIG, 5 shows an
vaxamples9§a biological response space, where various cor@gqmgq%g[,?s 185
categorized based on respective patterns of biological response. [0018
FIG. 6 shows a. flow chant for identifying a potential toxicity of a therapy in

[00Lplna hitdiAFhratet BT RCRSP YRGB atkma easlipif foragslicted by a

congnbosisaen(sBbEhebinke siin ci (PRI JshawraflawmaRarfetee-

. _identifying a.potential toxicity of an_envirgmnental agent or contaminant
foodz RABGIE MRS S 5 4R R ABEER Y S hE B GRemence of
dat{@OR03)FIG. 8 shows a flow chart for identifying a potential toxicity of a set

th i j iologi ] ding t bodi t.of th
00 B g A s
confpordsErniseidizaarns brstseonvemtetivietatietes piddidtigstbxismsiogy. For
[00SXAMRIR:. Matheds AbY appasiusdarddentifying.a-pientis J@mt%yaﬁifdﬂl a

therapy in a biological system are described. In addition, methods an
Parigal BAHETH S5 erSERP HEr FFPERI? el s ussartinsde itirgrabodunepiify of
invénpasticular patient or a particular type of patient to toxicity of a 20
ra 0072] Some embodiments of. the invention use computer models
00 e SR A0 S A 0 e L G B oot
ag@oh@r&etémig@bi@iogib&ﬂ:@@r'&sfeﬁesu cle@sdifnr t@_mmqﬂbedbiwkmgiﬁ&ie invention.
[ooRdTPONReE; ! RAYGE DY AR &xR0 ﬁﬂ%@lq%gQ#%M%%%B%f ey Qg%lﬁherapies

_underlying molecular and cellular dynamics that lead to toXic events can
in e Sos o RReVdihiD PIhERRAAHEY thBgdry aitPprovide criteria to
identify biological assays that can characterize biological responses to
therapiepRT RECED BEIORDEIIGRaOISSBYE CRICSENS 0D Idenkfys
potential toxicities induced by therapies. In some instances, results of the
[003idlogiEaibadsaysicafitheiusedito éritify peidenie df biolbggaFrespenste,
metACAT Qﬁptﬂmr?@éﬁﬁﬂﬁﬁgoé REEAIER IR (0PHAARIG ﬁl%ﬁ%gg)g&ml&stem

a biological response space. dvantageously, therapies can
arelearEbRSri e ddhidery Biribpde N@&%@@&ép%@%@r@%ﬂ% etpmbegked
ideanibiplpgicplimspursesthatisdnfated Homahenicalrh e pstRistic®xitity of

WO 2004/114195 PCT/US2004/018485 Biological Systems Biological

Eites, Biological Constituents, and Biological Processes [0023] A
[00Ls1blogicalsysenithcansinfihd én femtexamplenanindividaBl ol caticpHeetion

biog(]é Cc%.ﬁl%ﬁﬁy&gﬁﬁilggew%@ac%rg&? rc‘:h%agt%%%g b%fé‘é{'ct:ii 1%'9!5('3%@6, such as, for |

anism such as
example, biological response induced by an exogenous drug. By using computer models,

underlying molecular and cellular dynamics that lead to toxic events can be identified.
Execution of the computer models can provide criteria to identify biological assays that can
characterize biological responses to therapies. In particular, the biological assays can serve
to identify potential toxicities induced by therapies. In some instances, results of the
biological assays can be used to identify patterns of biological response that can be to used
categorize therapies into recognizable classes within a biological response space.
Advantageously, therapies can be characterized based on observed biological response

rather than based on biological response that is inferred from chemical characteristics.
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individual human patient, a subset of cells of a multi-cellular organism, or

a population of 5 multi-cellular organisms such as a group of human

patients or the general human population as a whole.A biological system
WaAASdHslude, for example, a multi-tissue system such aBaRATSRINOUSSS

system, immune system, or cardio-vascular system. [0024] A "biological

BioXRIEN IS0 BEANGIPRARSORIRISA MWD ALIRIONCAl YSIANY: I SRR ses

Instances, a biological state refers to a condition associated with the

[0028EUITaNeR.0s dcdQ wetaf biolodical-precessesi of A ialogical systemndsion of
1use herein,lthe term"set" refrs to a coIIe\gtjon of one or more elements.

ce r%‘:%b?ﬁ? 571 SUIEEPARSPe HeRSHRd 1B PRER BBt THe b 2s an

indvieimé hisrehap sttcan e dhe Sestie dradifidieillmsonaingianagspulation of
Elen}?qts of a set can.share one oh[;nore common c!;jaracter' ics. Each , ..

muyti~-celiuiar, organisms such asa eroup o an patients or ine gener. 1 an po ulatlon

lological process of a |oIo§|ca}3 system can interac acg’corcﬁng 0 801
as hivhodfical metrgaebaystrth wnelsp morsladditioralitbiclodictsurovessasuch
as @S RIRlgisalSYsiemL AR biplogicahRrosgssss.ghange relative to

each other, a bi.o1ogical state typically also changes. A biological state
[003Aicany duplsieebiairareiis fotcgrAlTeRarirakBihwhiel sibgiesm. In
so@é%ﬁ&f@ess,i latsfglfé_tgwahs@f&-aﬂ_am@a %%n@ﬂ@&ﬁgi%&ﬁ@é@ wan tiM?@xéﬁée ofa

example, a condition of a nutrient or hormane concentratjon in plagma
R T A M A g
colﬂmﬂmgioﬁbsmsrmssemmm}ﬂmmhmpmgiyeem i@amdﬂypmmmmm of
B CALAG {Aﬁdﬂ R &a%'é%.‘éx?é@aﬁ{é 8?&%9«%& L@%%%%%%‘%Pﬁ' OIS o set

respectively. These conditions can be imposed experimentally or may be
carg ghaiftiotsop FEsEN eGP chetRaicBbIeyiEarb piedeaic A priestegiehp Siatesitaad

sydiEHIOR ﬁﬁ@r%@|é&%rcfﬁ[g%%6%ﬁé%i@l§§l@ﬂiE@Eﬂ@nﬁ!ﬂ@@i{ﬂ BlA&K KRB iSaRfitional
rest, a condition in-which the neuron is firing an action potential, a

biolpgiaftisrerr AT the e ertrbI iR cas g MRSk BISAT R Fhgpeg relative o
eactooibinatisioiteaodtafs griaiie nRsampless. bivlsgiogl sladat ofpacabildeionds on
ofgl%s anu}rien can inglud .%%oqditio in which a_person Waken§h
various pioloegica. cchanisms WhHic 101081 Tocesses mieract wit € another. A
rom an d?/ernlléjhf ast, a condition. Justafier a meal, and a condiien
bidiepivebratraals 1O0HS] qummbahméi@fandﬁw@giaﬁ'mﬁmm_e condrigtration
in [RIGHS 19:AR-ARAPHRR! af30namiropdiian AssaciptRgwiil: 3 biojagical

~System. A toxic state can be associated with an‘abnormal or harmful =
biggerbTiaieharapsiabr bty bRaerem A B blogRIaF RN 1R S5 sharacterized
byl BEEARERS, ¢f IoxieBladesiede ks daanvaabeitinniassasisieskwith these conditions can

negGEISCe ol setol bioloojeal pracesecs of o biological sysigm, where

logical processes
A PiCIbAILBPH04/01 84856:playaircleds, dor almopinad coivbtinfin efiédt e acuron is

ot FErANY QG AL SRR /0L PO REIGAL, RYRIG %‘otémlgﬁi%?c%ﬁ%%&% Qfhvich the

observed in, for example, a cell, an organ, a tissue; a multi-
neuron is releasing a neurotransmitter, or a combination thereof. As another example,

biological states of a collection of plasma nutrients can include a condition in which a
person awakens from an overnight fast, a condition just after a meal, and a condition
between meals.

[0025] A biological state can include a “toxic state,” which refers to an abnormal or
harmful condition associated with a biological system. A toxic state can be associated with
an abnormal or harmful effect of a therapy or other stimulus in a biological system. In some
instances, a toxic state refers to a condition associated with the occurrence of a set of

biological processes of a biological system, where one or more of the biological processes

I
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cellular organism, or a. population of multi-cellular organisms. Examples

of toxic states include conditions associated with cirrhosis,

imrnunosuppression, nephrotoxicity, 5 myelosuppression, tachycardia,

viregulan heartbeat, hypertension, and. mutagenicity. [00261},%,5}3{'@9&8% 185

constituent” refers to a portion of a biological system. A biologica )

constituent that makes up a biological system can include, for example, an
Pla drioleanararoesrEak ae Hera il niias cf Ashiian cantim stieeiutein the biological
sysenstitlinnic ef& canbination dheres: cexapwlesaf Qipéﬁ)?éﬁ% cRARIItUSRIS-
Ceiﬂﬁlauge DNA; RN(A;OE)r?t?insé;)fnzymeT hormones; to cells; organs;

ISSUSS b HoNs of Cele RS, S 6r% B’é\ﬂs?@%‘é@fulg?‘@@%ﬁé%@@}%ﬁéﬁms
ingdenitodtionrssauinttei v@blgintomiplaxeslySeeomesy: aRgBRIAN0IE,

i i ri es. chemically reactive molecules such as H+; .
R e e P e A e Bior
[0924dh bibldandesicoheitiénent adbioldgicabsisteadsnlinierhsystaccoidingogical
colfifRimedhiolpaicahipeshanist i ane. QLRI addliangbiological

mec

: : ) ; a-cellular
constituents is of the biological system. A biologica anism i%ﬁglc% '

COBTGIOGRER BOHY Rt ERES Hitehatt Wiitre el aitonTEr sy e keihinagen thereof.
Exanknevet bivbiglegicalsimachs s b aNay eive,; i exaRRS R DIRIogiGak.
ceRiyStem's synthetic, re u!ago%ﬁ h?meostatic, or control networks. The

It Aehom TS BIaI QA e SRS Sk RPSAR SHEP S er R Igsysuch as
migschopisa.asyisihCitsitrangfbres fipn afone didlpiealcoeristil entiftd dhges;
ngHheine disstohsicaldniaracian o s xariaus iplogieal.cnsiiue

et in;
indirect interaction of various biologic ’

tint S biol | constituents m%d%feﬂpﬁ?rougah
angh popphEvRE e R e il ogicaberpstthent wet hitsinal opah Aan interact

acchialng ealdpie 6ess clafekf AN I ITRCHANP 1R R81RBIRIARIRRR a1 constituents

e.

A BB RET 5SS feRiPlOE TECBTBRIOYEMEB Lt L PSRt interact
wishure aspbet b ixdtogicabsystenwiogatbianGcalitheatnaiwo k8 nvolve, for

| cfi e biolpaical constituents. Biglogical processes can
oA Sep S e oA OCH BSRR R
nisrapssekopsbislosipctgEtsnewEn pletiproressekidhatoo esemyplithirs prtiatic
trERMARLNEN AR HYRBNaRLAl B 8! ﬁx%%g&k%ﬁ%dﬁo%ﬂ%ﬁﬁi‘ action of

organism. Examples of biological processes include biochemica _
VRIS AN AR SRS AR ST H Bl R R A S Ep Rl stk canegyts
madidndchenitahratmiays biowhich selesuescate duilt mpdaprayide

gllular steucture or energy stores, biachemical pathways in which
O o e e R BBt S msdaeayeen
biplegieahyeniviivhichSrotéiogicalictsionacid prewurstrseres \WGlogical process refers
1020083 AIR F Ol FRIMAN A Baounesized  BIURGIGAL AU e

of such biochemical pathways include, for example, enzymes, ,yntﬁ
wWihénremdied isrsians Brovasashs tiplasingrratitentpdRiele giog pragesses can
inBiolagisalxaasrsbaskanialserineidelfosexampl e Higealing 884 &oRlPkIso

include, for example, processes that occur within or in contact with an environment of a

: tween . biplogical constituents of a biplogical system. In some instances,
of S BHer frotees RS Ry

cell, organ, tissue, or multi-cellular organism. Examples of biological processes include
biochemical pathways in which molecules are broken down to provide cellular energy,
biochemical pathways in which molecules are built up to provide cellular structure or
energy stores, biochemical pathways in which proteins or nucleic acids are synthesized or

activated, and biochemical pathways in which protein or nucleic acid precursors are
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pathways. Biological constituents of such pathways include, for example,
primary or 5 intermediate signaling molecules as well as proteins
Iartici ating_in signaling or control cascades that usually characterize

ﬁ%ég)%gtﬁgﬁys. For signaling pathways, binding of a signalféd/bioRd (#8485

to a receptor can directly influence the amount of intermediate signaling
symibbelatEstinkd g‘aalicmiisemibnﬂmﬂﬂmaatb@l_@agfﬁ%%m%mg{ggg}ggQT)ggrglple,
en%%‘?é's ggé%%tgg%%ga Vgg/v%}éﬁ)rotelns. Binding of signaling molecq es

Can influence activities L0 of CONUTAT BratEitEsh I folEsms e widesing the
[OfaFiscripiidairstate ofsseceln Theserlodd iardxeateins aes.0fte iiliBRKaNt

Aifestorseficsi iyl initiated, by a signal. Control pathways,
? sucﬁ}tas thosg coﬁ?%l%?#g 8tﬁg gtlflrrsﬁlr(\i%l %ﬁ%v%ggﬁlr%alﬁ %%V@éﬁ‘ﬁ%ké%?‘%ﬁ%(r@f

m%@fﬁﬁl@ﬂﬂ@%ﬁﬁﬁﬂ%ﬁél?ﬁ@ phtswesising Qlﬂeticmﬂﬁnﬁtﬁﬁ@@ﬁhﬁg’br control
caSigeinBacalbar RRIS AR {QW@NV&?QOFQPQ eﬂﬁ%goeprgﬂ%%&sf eben(iI éggf a

. coqtro%ltéé aCEieve a consistent outcome, 15 such as, for example, ¢
1SID MR Ch D A EEERI Sary sty A tsRe folivp el uionfidinatiohiais signaling

mebnsesuehcandhtiedupetioning ok canirel BRUMYR A deggg.}ggpor;

' - mutual inflyences of proteins on each other's de o
ot D B 5. S B DR b Fee v it
of csHuive rrate pathiw dys ehanseskiftctimpintainmpimaiiavels of sellilathese

melahelites inthey apging environment. 20 [0029] Biological
Ze rocé%ses can be %g%%rﬁﬁgﬁ%f Sleoracr%%%grl,%?caes B Gy signal.
“%‘é?é}’éﬂﬂweinﬂlﬁ% Asihersreriallingtihe irehig ahgrosessiscufedh vybied) share
SOhli@ngi%[t@e@m&tﬁ%&ﬁ@bgﬁﬁﬁn%gejqﬁgﬁ L?Eﬂ&ci%ﬁ%l? Y)%S’c% Cgr. vents
argkegfgp&%ﬁlglggé lg?)qgttégjergs beﬁ)nglng to a particular leve can interac With
biologicat conatitiants BeSngtdFBine covelston st elsmmsissmicagsome,
sugferfefallyrorgitates]fdovisbiotogicai-oonstitessroelansinttoi25 e owest
RuBlsiA RAnshi ' cess.is ane in which a biological constituent
O e T ol R bk B o

~inthe process can Interact with ano

- madiated by segaaindieaswasiresininsomensthidherchicatqerotrssitfienhas

actngiaf @8/ iReeh s. | laan.in.a hiolagical process
e 0 Aok e o P s
Whers e 3Rkt FS&?&%PEB?%&H%@F&’E%%@%%%J@W@@p demgineraciruithent.
109 %er I dindogicpt oﬁ@g&tﬁm Qﬁbﬁggﬁgﬁ@ﬁﬁﬂﬁ%ﬁé%&%o&%ﬁ%gﬁ of
: : . Therapies “therapy" refers to a type o
L Se P aHen o AgbeOE B BPEsS Bilogicar eyt
corgitnents %’ﬂb@§mé@9 ehierifdot of otdy inalistaieodiadpigloghsatuents

beRysiemdy haaunekeanRbislogicalmechanisms, Iheraples hatcan,
lev%e a&%%d%%ila 5 biological system can include, for example, ges !

e & cehgﬁﬁ;ggs’ reEipiPTAgigakss from biological constituents belonging to
the lowest levels. A non-hierarchical process is one in which a biological constituent in the
process can interact with another biological constituent that is firther upstream or
downstream. A mon-hierarchical process often has one or more feedback loops. nA feedback
loop in a biological process refers to a subset of biological constituents of the biological
process, where each biological constituent of the feedback loop can interact with other

biological constituents of the feedback loop.
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thereof [0031] Drugs refer to compounds of any degree of complexity that
can affect a biological state, whether by known or unknown biological
mechanisms, and whether or not used therapeutically. Examples of drugs
wehwetypisal small molecules of research or 10 therapeuti(i,gjllﬁ{ﬁ%tu' /018485
naturally-occurring factors such as endocrine, paracrine, or autocrine
factors or factors interacting with cell receptors of any type; intracellular
such as elements of intracellular signaling pathways; factors
[06% ate fgam otg,er_ qatU{aI sources;. pesticides; herbicides; and )
InsecticlddeBRgEEEN Rad el aiTBl e ca R aHen et 2l to 2
bigheapysiikerDNA snoeRiNAndisa teatibodiess Niusasobagigiat@bth biological

' ' S ced by bacteria and viruses (e,g,, toxins) can be
S B R e o ned 5
biglgeisebiisitee e forkdaniplexdntsredistedvohangesinithedgter @fmbinations
thdfasrscription or degradation of one or more species of RNA,
drug-mediated changes in the rate or extent of translational or post.

(04 eiaboher PrGE&L SRTEPSH B b FHiGHE Boffisepties g caveefifsrs @ biological

stetd)angeseirbineaie of exteskebiegradatieniehone oLMAreRY BFXIGINS.d
inhibition or stimuylation of action or activity of one or more

drug-mediated latior
I TR G T A RAE L FEGU G BRER AT BB by
théreeraictingendsh; aajurotbivcDmuigs fhebincrehse mtesicsiimidaie, theaaveline

- Qb RUMY0ANR AL A9 hiolagical t%9”89%%$ﬁ'1§§3§§@t%%65 2fgrred foas

"activating drugs"” or "agonists,"” while drugs [ rease rates or mﬁ‘f[‘%i?g
elemenisafi BRragaiiiyrot smling nebrerio e icolttitdemo bantarefeomds;

petficlBeashoUBtGLARIgS Qr BAtag0RiStan K1Q8 GRIAK APRICANANS OIS cd in

canalso i Iuﬁ&éor xample, compositions including more than one drug
&gk ¢ c?h%%gﬁ%% o i}ﬁ%%n EBP AR iR XL SoPR STinEne iramiiEntgents
prid0a2] by batditioatol ditgss (lb.ghmﬁthﬂglﬁaﬂmmm&%ﬂ%@clﬂﬁgsa'I@Dbiological

j e ironmental chan at can affect a biglogical state,

e o T e A ere o Woreamen o e
of fygpssEvieherapesadatiyn Pieimplas ot epsiton i@, chemgesieluctanges in
th6RADBESIRIEHMREAIMIS {8 Or AJEMASIAULE SIevalian of 40 &)

exposure to radiation. Other environmental changes can include, for
PobusRiles: grtedirtad hapes T tin gret-Rrbmb PHingmesamobees (@ gore
prefeart; @nrp-fasdingd omgbiesn oS 206141 A4 b0 5 REFAIS2ARAOLRAB5

N I T
profidn.vBryigthaitientasompositisis)dedhg by cbtatingioylefels of ploysigialogical
coRStiiLY© Eﬁ%ﬁég@ﬁn%ﬁ %%W% éﬁf‘gse% “agonists,” while drugs that decrease
rates or inhibit the level or activity of one or more biological constituents can be referred to
as “inhibiting drugs™ or “antagonists.” For certain applications, drugs can also include, for
example, compositions including more than one drug or compositions including one or
more drugs and one or more excipients.

[0032]  Inaddition to drugs, the methods described herein are also applicable to
environmental changes that can affect a biological state, whether by known or unknown
biological mechanisms, and whether or not used therapentically. Examples of
environmental changes include changes in temperature (e.g., a temperature elevation of

10° C) and exposure to radiation. Other environmental changes can include, for example,
changes relating to feeding behavior or nutritional intake (e.g., short-term fasting, long-term
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5 [0033] Moreover, the methods described herein are applicable to
combinations of drugs, combinations of environmental changes, as well
WS senbinations of one or more drugs and one or more environmental
changes. For example, the methods described herein are alr)J% iCaBIa hi8483
combinations of drugs used to treat different conditions, such as, high
fasigodnglessatecadtitsiitigh bledepeh digstetoticandlezhpeer a sores, self-
fee@ﬁ%ﬁ%qﬁﬁmﬁﬁﬁl%@ﬁﬂ?%Qaﬂfi&éﬁbaﬁg'@@@@ﬂm Applied to a
levels. Als

biological system at the same level or at different Also, various
COTERIFHEANEY GTISHBES EBlAtEm Seidpectsa Pyapins T ChNeEieal Gyatambatation
thetBgfsame time or at different times. For example, two drugs may be

applied at the same dose or at different doses, and at the same time or at
(O o MTRRE eV e AT BIGIBRHEAP SyR ML TEeAT FHlues,
comtethtdss aceaviingiamsdrieesabodimgnis ehibminventonieast bere drugs and

ondBPIEMEDted Using 3 ng%h gmatical Mo dg%' %Qaﬁl%%ﬁéﬁssﬁé‘éé 3P Lin are
%lologlca processes of a |olog|caf(sy§ &m.in particular, the
aphathlsrtrativabirrdidel cddmeprasehtotheas difbftidlogibitibprcoek sedighihtpead

prsh@! MARLMAHCRlISI NS ERT IRIANGE: ING Wabamaticdl Nede! CRhents

20 represent a first biological process using a first mathematical relation
of gih SOBEUBHIPIBIAB GTc APPHE s iGINFaS EXEAY Ah AR ErmRe Pl er gHToment
1evr§1a.the1a¢a_b ,ﬂ%a&ﬁga&jmenwm%ﬂyhimml : i?xﬁ;l:acﬁlﬁ B&%ﬁ)ﬁ@_&iﬁ?ﬁﬁ&hﬁ%{caﬁ system at
escribe a behayijor (e.g., timg evolution) that.can be simulateq by the
o A A LT WTE e RE AN T n BB RGP S

doseathenhifftcalt tods| cemugfnenintdractonbdiftong tiadables, where the
variables can 25 represent levels or activities of biological constituents of
_the biological system as well as levels or activities of combinations or
dgeregstevegeiseintavienical yu#BUS biological constituents of the
biological system. In addition, variables can represent various stimuli that
1003 be HISPHEGY MR BIORG ALY MO {6BEET PhEbENGVI SV dRables
im@darbettdflisigeaddyem sit dfrpadahietorpiacitd @ddnod baslogiatiheroadicad of a
viff9deh SeLexamples RURMEters can ieRrssent el valuesof varebles ica
aff-lives of variables, raté constants, conversion ratios, exponents, an
preeasresiitting 2 pefrahretthemTheab et wiqpar divrctestersantherndhgratical model can

refR@hralies]dlations e, Mmathematical.moasdel 1 semengansss,
parameters can be used to represent intrinsic 9 WO 2004/114195

biplesioe) SGEHBYRE 85 LI AR AR pb T atifEn et CoriResnaticnd TRt ardtypically
in€tRnaldofl upneesimHis wavidesshenidciaciars. fQriambislogiaahpystenh be

meihemtites nhoitl timedefarrdnteractions among variables, where the variables can
represent levels or activities of biological constituents of the biological system as well as
levels or activities of combinations or aggregate representations of various biological
constituents of the biological system. In addition, variables can represenf various stimuli
that can be applied to the biological system.

[0035]  The behavior of variables can be influenced by a set of parameters included in a
mathematical model. For example, parameters can represent initial values of variables,
half-lives of variables, rate constants, conversion ratios, exponents, and curve-fitting
parameters. The set of parameters can be included in mathematical relations of the

mathematical model. In some instances, parameters can be used to represent intrinsic
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5 nonlinear; stochastic differential equations; differential algebraic
equations; difference equations; cellular automata; coupled maps;
eqguations of networks of Boolean. or fuzzy logical networks; or a
waembinaiier thereof. In some instances, the mathematical relatigesQfs thes
mathematical model are ordinary differential equations that can take the
form: 10 dx/dt = f(x,.p, t), where xis an N dimensional set of variables, t is
chappGigrigRIaH ftnEePSHE Griptaha R FTEoHA. R BHFSISS iy pprgpmental
factpadpineienslanehf dgseeftinction that represents interactions among the

o105 TR s et el oyt e o
cxarepkeseriisldifeptidielcomesnteatiofinandiiffyewhitkoregresemit iswlinn20
nong gg&yf%ﬂggicfﬁ{ﬁ%fénﬁijeg}?ét%%@@?f&r&t\@/al\ééb@i%%ﬁﬁ& QRGO

) A representatlon |ol’og|cal _state can include values or other
equipfelera calsle riteEmaitCoupiab By Ppadmbteio iAo s slodpekiapociissEs

locfhfRResHied i@ Anthieh:.Aepestied xeculion scenaiQatSoRia! relations of

instances, a biological state can be mathematically represented by values
the gpafhempticat BYIVEH HIHET TR HEHReR3! BPanabiBal cadnlsdbggor:

simulated by, for example, numerical or analytical integration of one or

moréxidath&matical relations. For example, numerical integration of the

ordinary differential equati fined .above be.perfor 0.obfain_ .
S P e et
an Moloprosisteltecbvepairmestan, @shipatefundde hefimmsteyitHnBasiéns among
the XAO3BLTNRRQIRAAS arcRMIRLIG SOMEAMbeslinaRts okihs. invention

can be implemented using a computer model that defines a mathematical

model ofgbiological systep, . Computer models according to some

embodi s of eTn\énti““ﬁ“Can be defined- as, for example, described

in the foll6wing references: P&terson et al., U.S. Patent No. 10 WO '

2004/%}141_9[5__ PCTRIS2004/918485 ,6,078,739; Paterson et al., U.S.

Patent No%4,069,629; Paterson €t al., U.S. Patent No. 6,051,029;

Thalhammer-Reyero, U.S. Patent No. 5,930,154; McAdams et al., U.S.

Patent No. 5,914,891, Fink et al., U.S. Patent No. 5,808,918, Fink et at,
WhgrsCBhEACRIEEPIS S5 OPSP lRerssAnSREPLPeTBlBTRAR PPy s ulin

coRMRdrAba, Rateisenehalalebters V,, V7, P, MCR, F, and 7, form p.

[6037] A representation of a biological state can include values or other indicia
associated with variables, parameters, and/or biological processes at a specified time and for
a specified execution scenario. In some instances, a biological state can be mathematically
represented by values of x and p at a given time. The behavior of variables x can be
simulated by, for example, numerical or analytical integration of one or more mathematical
relations. For example, numerical integration of the ordinary differential equations defined
above can be performed to obtain values for the variables x at various times and hence the

evolution of the biological state over time.

Computer Models of Biological Systems

[0038] The methods according to some embodiments of the invention can be
implemented using a computer model that defines a mathematical model of a biological
gystem. Computer models according to some embodiments of the invention can be defined
as, for example, described in the following references: Paterson et al., U.S. Patent No.
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by pRufeeey AP BHER B S EPATS

s Publication No. WO 00/63793; and Winslow et al., PCT Publication No.
WO 00/65523; the disclosures of which are incorporated herein by
ngfgor%nl(ig in their entirety. Suitably, some embodiments of the invention
GA"BE HBRemented using the following commercially availR5TE CHH (i8S
models of biological systems: Entelos(r) AstlunaPhysioLab systems,
6,0 fntzlosadvetaholist Bhysiokall) sysiesm); aneEotelpsn, Adipoeide No.

Cytolal'T: systems. to Ot r Is of biological syste n .
60 G AT BAY Sanes erBBaen e T R REHE: Doy Iy Tt
No.shfd, Bstarioks; al cdhipiteerhbie b BEHIE j Fiple meht EbPn@atent No.

diments of. the, i & cr{m i rat valuation
30 con rlgét%:%el ggaagn% gﬁ?ﬂ#@%ﬁ%ﬁ%&es. %ch% ﬁig%%é%r%%gd%]’ ga&r?
PubiéggnteselebiFI0 JidaP pPecend d¥inslavioRiel Hiérahidisrtisn e MRAP0/65523; the

dis@Yalrateihe:im %he&%%@@%%%@ﬁ@ﬁl%ﬁi%g&@@' REASE8SESme

at a higher hierarchical level. Thus, the computer model can provide a
embRgitn7fAbIEIRYEEIR BRRSRASYSHM. FHe duniplearrgsaerean diso
avaPEOVIdR Grass- disaidinancdbseryaiiansstmaypRSyrihesiviefkiofonfatiaams,

from,two qr more. disciplings into a single cqmputer model . or thraugh
I e e R s e e e TS
Otbcamputermededilafded tgimipierivent sorhe webdimentseof imdrvendonents
of t%%qn%ngéﬁ\rarchical and can reflect a particular biological system and

anatomical factors relevant to issues to be explored by the computer
(003 de| I Frevie isticgetait ARWR RIS FRb Pspa iy SepianeHdane f@?ﬁq%ments of

thedatall@invnichLbeigrarchaends Aiaftast distatathbyuaLadistaative
intended use of the computer model.%ﬁguse hiological constitue

ts .

! BRAEH R e G RLTBappca!

levilerhierailohy danibedite stibse Bidkrdewbhrddwesaubhceititaidevebeanes at a '

lﬁgg?gl! %&aﬁ&ﬁ%‘i@ l.e '1%'1%' ot%'e(a:%r%gﬂts HHRALS SHC hrgi% e'g@nuq%BVNalﬁable view of a
roteins, chemically reactive molecu es, and subcellular organelies.

bicBegieal soysewindiidteatpiiotagicisl syl ey smrpedasipiofyriksasations
thr_\’y%gh fg,m%ﬁé%ﬁﬁﬁdﬂﬂmﬁﬁﬁéfﬁ ¢haldheoRilQeiFaheoRRINENES. Riiputer model
|

individual biological system (e.g., represented in the form of 30 clinical
or fyeuphdbiknee pRraRTE RRfrEstRvePErtRb RS fisqmbag A
[oeQNpUiEmaHebcal denieseptimpieneat siale @hobinlogical Gystemtibn can be

.virtual stimulus ¢ e defined t s'mulaf:esastimul S Or pertyr a{ion that
L AT RS, DT SRl LB B Lol Olep et

issmsde bearxdoradiny Pl anmatatsrthatiekh 8 leyeOo? 061411 4144198h a hierarchy starts
anlﬁ EHR2004(04 BAtoniared simuiate dne, o dvetion 1 8d 519D ARk M) ended

ead to a toxic state of the biological” system. By selecting and alterin
use9é e ResrBUFE RN isle rBeeriEeP IO BIvR GRYSHESHET hranestiiaiad afien eacaate
at XIS AR IES loksoR Lo BRdiBRRIE 0 Hh @ INE BHIQRINSSI RSN The

subcellular level can include, for example, biological constituents such as DNA, mRNA,
proteins, chemically reactive molecules, and subcellular organelles. Because an individual
biological syétém is a common entity of interest with respect to the ultimate effect of the
biological constituents, the individual biological system (e.g., represented in the form of
clinical observables) can be at the highest level of the hierarchy.

[0041] A computer model can represent a normal state of a biological system. A virtual
stimulus can be defined to simulate a stimulus or perturbation that can be applied to the

biological system. For example, the computer model can contain parameters that when
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or altering one or more parameters can be performed automatically. 5
[0042] A computer model can be executed with or without virtual stimuli,
thereby obtaining outputs for a biological system represented by the -
womautenmodel. These outputs can correspond to a set of PCT/US2004/018485
measurements of levels or activities of biological constituents represented”
by the computer model or measurements of any other behavior

aligied sivaplae Mihizduehice Sbidssiomibrear tid oo osiccastant spickasird,

syﬁéi@.WiﬂE&ﬁﬁ@@hﬁM@@@%ﬂgﬂEﬁ&‘é@)@Mi&fﬁyﬁhsr&Wﬁﬁ%BmQHlemmal

_mathematical relations as well as interrelationships between variables,
sl IS & oG Pl L BB B SEE RS DIRIa1 S RS HERbR caleoting

orimitttide anettiplereodaesar funtigrabaredsthatmaibam,grouped together,
esen I odel qof a biplogical system. 15 [0044] A
o e P AT SRl Sl e
obfaingeitbustike, HPeeaisytimperterrntrst by dieinothputkevetdpmEhesof
oUHIRREISe 4SRRI HNa EUEL B JRE-HAMENF AN apqc%xmggﬁegﬁsv?gi%'G-

3 describe the behavior and oxidation of free fatty acids in t
CORTE BB SRR TP IR E freraty Aends ier At egly of rae sthzot oA BT
asidefasiRgtoaRisic3idheomaditetdiagram includes various nodes, which
t variables.included in th

es e computer mqdel. In.some, instances,
O S e D R S o eed o et
l‘emmgmadamﬁwatmgpiﬁwl mmmmmn@mm@ammﬁm,
pa%@e&?gﬁcﬁof%‘?o%%%ﬁB?«SQ&%&V%@Q%WQ @ﬁ%%e%ggg l‘ecag ﬁﬁ&%ﬁém tiple
ude t be de a 1b€

represent state N variables having values'that can ennine
medpks il dirsatasey b iriavsrined togafhes hstret Adees sarplss model
ofdeiryopiRers stag differential equations. 30 Parameters of a state node
inelude an-initig) valu ngﬁgrnd a status (e.g., value of the state node
B AARP AP HEE SHad CaPissine hepatic fatty
acRD@tAk ¢ 4 9B RTTNBRO0AITBABE N tths decHiesharitesiAosiatesheda in
haye. iti meter of.. hal:-life.(h). Function nodes, the .. . .
e e e b L RGbAl T g deton
of free fatty acids in the liver and the conversion of these free fatty acids to hepatic

triglycerides.
[0045]  Referring to FIG. 3, the module diagram includes various nodes, which represent
variables included in the computer model. In some instances, the nodes can also represent

parameters and mathematical relations included in the computer model. Examples of nodes

are discussed below,

State nodes, the single-border ovals shown in the module diagram, represent
@ variables having values that can be determined by cumulative effects of
""""" inputs
over time. Values of state nodes can be determined using differential
equations.

Parameters of a state node can include an initial value (S,) and a status (e.g.,

value of the state node can be computed, held constant, or varied in

accordance

et
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Norte variables having values that, at a given point in time. can be
determined by inputs at that same point in time. Values of function nodes
can be determined using algebraic functions of their inputs. Parameters
BPL0HLBRode can 10 include an initial value (FO) and a BERESTe04018485
value of the function node can be computed, held constant, or varied in
accordance Mty spieified:SHis 1) IR04EAS SHONN & Gordn BHmS ks
various nodes to one another and represent relationships between the
nodes. Exgﬂ%ﬁ]écg @9 arrows are discussed below. 15 Conversion arrows,

the thick arrows shown in the module diagram, represent the conversion

of variables.represented hy connected nodes. A conversion arrow .
incicins & HH DAL R BPCGHI SN o/ BBRE e

7
" tirctercahibpradsneled as "M" to indicate a movement or "S" to indicate a

0s1 S(aie AGUMEN AL SRec uEnnaAES LG INRUIS
unction nodes. [10047 1Il\/%)dailil'grs shown ‘f%{épm%ldu' e"l(%aigc%équr%ngfg%eniﬁieby
effects that'fitieés have on arrows to which they are connected. The

types of effegts,argaualicativaliindicairdyr Sumkeladadheoxesshawn

in FIG. 3. For example, a node can allow A, block. 25 regulate ED, inhibit

Q, or stimutstes Rt B F & bR By BHARRAA p664818arade can
of a computetlndedeliaambenemanmd withtactaal. cldliead dataiMifonode can
data, or in Yj%/%o%?t%te@%éﬁ gh}g\{vsfaoqqlm x ison of Rlasmatglucos Igvelts i)

predicted by a co?nputer mode ?&'foﬁvn%y e &0l &urve 1an‘°éi’%°i {marena)
glucose levels tracked in a free- feeding situation in volunteers who take

[ofast in ggﬁﬂ&%&yﬁ&tﬂ&b%&@ﬂ@%&ﬁ%ﬁﬁmgk RdRAREINS) 10043}

For certain applications, a computer model can be used to define one or

el hiRiHiRaioRs Dodtio S eI EHERY DIts SsripiekPsistel can be

z_i\:;g sgciated with 13 WO 2904/114195 PCT/US2004/018485 different -~ - - -
repre

septadensiRigae ertRYSeR: ERRIRS MRS RYRNE GePMRHISEpresent the
model. In %)articulﬁ}rl, v,%'ous CO“E%” tions of the computer mode| can

repres&t; 167 ¥4 PR RIO RSPt BisiBgidhr Sy STEThATMY
differentcintitnsicictianhetenidites;s diffpsarfteextemmaminfveacespier hetbirdAecan be
ObSEVWQQé?e%%Qd o (Gl A0 Sward. B manifestation) of %h%{P'Q%Fs%Lte.
system can be reterred to as its phenotype, while un erfylng conditions of

the biological. system that give rise to the phenotype can be based on

gertetio, fagions, SRIOYBaRIaH AN LROASINe:RfRinasy, skill in

the art will understand,

[0047] Modifiers shown in the module diagram indicate the effects that nodes have on
arrows to which they are connected. The types of effects are qualitatively indicated by
symbols in the boxes shown in FIG. 3. For example, a node can allow , block _,
regulate El inhibit E], or stimulate {7} a relationship represented by an arrow.

[0048]  Outputs of a computer model can be compared with actual clinical data, in vitro
data, or in vivo data. FIG. 4 shows a comparison of plasma glucose levels predicted by a
computer model (shown by the solid curve) and plasma glucose levels tracked in a free-
feeding situation in volunteers who take part in a clinical study (shown by the sequence of
data points).

[0049] For certain applications, a computer model can be used to define one or more

configurations. Various configurations of a computer model can be associated with
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phenotypes of a biological system can be defined with varying degrees of
specificity. In some-instances, a phenotype can include an outward
manifestation associated with a toxic 10 state of interest. A particular
whenniypa dypically can be reproduced by different underlyi%ﬁgsggwjlg({]§_ -
: . . . . 485
(e.g., different combinations of genetic and environmental factors). For
example, two patients may appear to be similarly overweight, but one

differsmicren Sositiened veckmesbsybratensesaigtibnife comnmer serdeledald

parh@uRyepneighthetansenl dirhansniestieehisespYRbUSor example,
onfigurations of a computer model can be defined to . represent is,

i S S AiG EOHEHTahS I d B0 S B AR e
difbielogicehsystehenAlernbsive W06 inegostjlineticit sagiot Ssaanfigairations
of.the co ter. model can be defined.to represent different otypes .
e o ] S atE TOOACT T e R AL ARG g o
condlitgmrmpfitar Mildgk ey ttealiss giattedswithtbe pastioiar Get ol vahdesifrnetic
facRRLBRGIRIS QL e cOmPIar ROl TR RSP GRAG AU A8 A% B8,

associated with a first set of parameter values, and a second configuration

rhepRiynse elssbilaggahivterseedha SSyTpsaTEmEry dRgEscHiamdsn n
sorﬁ@ﬂi@zfﬁ&f@i%ﬁ@f&?ﬁf : @J&Eﬂn&&i@fa%aflﬁmﬁgﬁl‘éﬁi%&ﬁ@zg@sgildiﬁé?:@wi_th ati)xio
conflgurations of the,co uter mode N be_create e an Initia .
st DL Ao AT [ L BB RR AP TG VTS OBl afierying
comgbififigufatiorlicnhe ardated hasstamntivendi tial configurdtiondsy). For
troduc the initial configuration. such as for .
e B L U 03 by crweigh
beoies RAGoRPAanserEPEY a8t e pheldinddbas Toreiainpteaussefcheirii
lifddiyde BiRIRRE NP2 RO B8 iseMs 70 BERYIRKS MolNRRE BUBERRHNSo represent

parameter values can be grouped. into different sets of parameter values

difffeent aREE e oS A S IRE AR IR P R BRI iR Rl faptem.
Alwtierhadiyely ioténjoanjomcteinene i saatda0cCanfiginatian skofithean be
omputer mod n be created ba n an.initial configuration using
e B R e e o P P R i e co-pending
[0Q5% colowmeel instieas, dppiivagiontionrdte povipetentiod et ithachtMesthroet csinetith 2

paﬁgm%%%waﬁ%ﬂyﬁ%%{@m t§é@b‘1’:§5@@r 91835@“?9&3 Lglﬂﬁpgoﬁﬁ uration
Computer-Based System Maodel", U.S. Aa%%lécatlon 14 WO 2004/114195

may T AR ST i BuRBrs b af Ry 209181 12556, e @ Msreh oniisgrdiopmay be
asslis@leswalod webish istibeprparates-hareinhhyiietes anesie fistestiradh the first

0 51% Computer madels used to implement spme embaodiments of the

S BRI A B g St O AT AR To VAR S ot

bagleberibe chitizheochepetiding aind cocowndw paieiithpphcationvaduPater sofferent

cofiABHEM oA PRAFMS ARG Meshaddar Yialidating a-CampuieroMeda!l’s Hodification
Application Serial No. 10/151,581, filed May 16, 2002, the

to the initial configuration, such as, for example, a modification to one or more of the initial

parameter values. Alternative parameter values can be defined as, for example, disclosed in
U.S. Patent No. 6,078,739 discussed previously. These alternative parameter values canbe
grouped into different sets of parameter values that can be used to define different
configurations of the computer model. Alternatively, or in conjunction, one or more
configurations of the computer model can be created based on an initial configuration using
linked stmulation operations as, for example, disclosed in the co-pending and co-owned
patent application to Paterson et al., entitled “Method and Apparatus for Conducting Linked
Simulation Operations Utilizing A Computer-Based System Model”, U.S. Application
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disclosure of which is incorporated herein by reference in its entirety.
Computer System 1u [0052] FIG. 2 shows a system block diagram of a
comJ)uter?{stem‘ZOO within which the methods described herein can
‘883 4td WSoftware code, according to an embodiment of tHE Tttt @ms-185
The computer system 200 includes a processor 202, a main memory 203,
Seda. Giptic mamentdqdwhichare eaupiedbyrbys wBeh TNaeaBReherein
system 200 can further include a video display unit 208 (e.g., a liquid
by g ERr RIS ED™) unit or cathode ray 15 tube ("CRT") display unit) on
[oostiich aaispitiiteidackcersdae displayed sdine aabyditehts-of SySIEMA0H can be
can alsg inclyde an alphanumeric.input device 210 (e.g.. a keyboard),
ittt e St
owgehpratio ApgEvid® 2 6P {egqra spikkei) rmathmnatddiklinteffateldbvicea
coffpe RSk ey ahbineludera fompier feadapls fediym gls in

ich software 220 can be stored. The software 220 can also reside,

disglomitetEIyhora ARG ML ARt prlai AcHsErRePIOReaREST within the

processor 202. The software 220 can also be transmitted or received via
Cothsnngtwarkrinterface device 218. In some embodiments of the invention,

one or more components of the computer system 200 are not included.
[0@B]Metfict 2 thédertifyseccRdikriialidgxicitf etanihecapys{@A28) Rhidin which the
540005, A6E0 U0, 0BG ATREUIREALS OIS INERIPN SRNREHEEE 1% ne

identify a potential toxicit ofaat erapy in a biological sfétem. Th some
invippdighcdgctprmpiéthouscenAR) derdagseer e cuen Bz R Sussaptbiity 26 aand a

staRB G DS AL A RACHEpIAN Hy Bes fopatient dodxicity,ofm 1RIBRY fi3ther
, C5%054] FC#%B. d’l, shows a flow chart for Jdentlgf?unég‘?a potential toxicity of a
IGHERAY S BRI SRS s ek, AHBBRIMY TR AR dintEAtBH diepathode ray

ulinyETRion) ditstepiAPon whids state ivkthe dialobiodksystanaddeniilies.

he 4gXic state ca associated with, for exampl irrhosis .
T e o gn, o comor
coffrebigaicel B VO L0077q4us¢).950BE TV S RO0 /01 8485 ahgentinéian device 216

(c.BYRRPERSION.QF MMitRgRRicily-rAX HER-L0% 52 $AL AIRIAIRQIGA]PROCESRRSS o
related, to'the toxic state is identified. At sg:&mz a cc?gé)uter model of
r

COBRY SToTBRAIERISPEEITIS | d R MR EGRI AL PR GacTFisproBentaftiaredRo can
alpfbitlegicaleate sspardatiheiinietae hans nehvsern i i@l gisal the
rocesses. In some instances reviousl veloped.computer 5 model
S e R s B g e e T
intgxecutsdite Zdeniifisone onbedmudiiclofibalipvotksseschticaltathgponents of
thé’@&Hﬁﬁ&C%&feﬂ?%Q)éix% state.Theq0one or more critical biological

processes identified in step 103 can form, for example, a

Methods to Identify a Poténtial Toxicity of a Therapy

[0053] The methods according to some embodiments of the invention can be used to
1dentify a potential toxicity of a therapy in a biological system. In some instances, the
methods can also be used to identify a susceptibility of a particular patient or a particular
type of patient to toxicity of a therapy.

[0054]  FIG. 1 shows a flow chart for identifying a potential toxicity of a therapy in a
biological system, according to an embodiment of the invention. At step 100, a toxic state
of the biological system is identified. The toxic state can be associated with, for example,

cirrhosis, immunosuppression, nephrotoxicity, myelosuppression, tachycardia, irregular
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subset of the set of biological processes represented by the computer
model. At step 104, a. set of biological assays is identified. At least one
biological assay from the set of biological 10 assays is related. to one or
winavesafiihes biological processes identified as critical to the @xig; Statey 1 Alss
step 105, the therapy is tested in one or more of the identified biological
assays. If one or more of the critical biological processes are modified
hearfcg, hatRyREPR(SHEH TR thePsmy i iR iRl g ToBtaTaRi e
to (HOWE :the hidlegigalisysterp(stepak@®nplftanaateimdie ofdheicrltivatem is
biglogjcal processes are not modified (s 06), the therapy is.15. .
et AT o OREHTANy .5 e B ear it (e gpegons
betvj@D G5 bibhesforegoingseisdussion ipstvides amgeviersholesliawdsoaputer
mod YEPAE BLR0I0R, ARRIRIRkIOXIERY P SRR AHIRIRA KAk onted 1o
system, accordingto an embodiment of the invention. The following is a
idennbrengetaiisdcdiieiosisio Pt B atbio it AG6RE Be WA teie statep gl he
onelS0R64 AstisedibeRin; the-tesn idalated ta'andits exRmmatisabiample, a
equivalents refer to_having a connection. For example, with reference to
subsgef firp1sHl BIAIBFIBIORIGREATHITUESTUE  BiatkY R TYE St ﬁ%mtb%‘?» 2
set I@hRIGARIE BigOFicRIpICe ssekihiadechisk Healtaxigy State fHeistogidablogical
rocesses.that affect the toxic.state. biological proce hat. .
oo A TALEY 11 & To A o B O i o T s Sl it tovi
statproesspd @aniteslRBrigan tifitel vasee ermiafenh s alisiiiokegal sasays. If

one 'alf%mf'étm@&i@ﬁﬁo%ﬂ%ﬁﬁﬁ%&%@i&% thediexis @ate,cBk RO (step 106), the

Information used to identity the set of biological processes can include,
theyepvdg Afspiislararrnamaraialy i &kﬁ%}%ﬁsm FHLEBHGEIOR)-oft one or
moREssaRsceiibetbivithie arbrattipeisehmranitter Mmeselcant-abepialevant

- -sources. -[00571 For ex le, the toxic state-of interest may.be - i
lde%ﬁ% %ﬁé‘é@ﬁﬁ%ﬁé’ | ﬁ%@fﬂ’% g‘&%ﬁ%@%%%gs S é%e% %Igs?drug.

n eéxogenou
[00S3irhoSisci$ctypiviallyl assotiatp viltts lvesmiibrosismiewlstnfighoddscdentifying

a pBSHE! &%&k@?@%ﬁ %ﬂé?iﬁ%%&_@oliyars@g@&ag&%wggtu REUAM ABIASS: HiShe
~~organ (e.qg., bl

. . e duct blockage yielding jaundice or portal vein ,
invieyperteRatofe drsits aning daklsddiie stV emy THesqemttieersapsr
ridiglogical processes can include, for example, 16 WO 2004/114195

PCT/US2 0 04/07 ,84%15 biolg ilcalc{)rqpes es that cause %h%,gvl%r tfibg esi%
[065¥10giE1 15 oRESES aCHRe LAY I}\C}eranﬁ%i%%%r%ti%gfo&?ca PrOcasses that
haviig masifiedias. aesudind theviihercfivcosisootar tOMbnstioftivorgiohl For
pr§X8IPIE DI RONGRl RIRGRRE AR felelRd 0 alROSIS FAR AL DIlRgcRk: te

processes associated with a whole body response to lysis of hepatocytes
toxhvataiee BdngorhpbwiircikebaEansitis fexiy statey bielagyabriepesses thal are
n&RENISRRNLRIIRGbepatecyins 4aR BR @ssoriates Yithol S¥AIPteRRsses can be

known as "fatty liver." The lysis of the hepatocytes can alﬁo {)e
identified based ori information available to a user, mmformation available in the art
regarding the toxic state, or both. Information used to identify the set of biological
processes can include, for example, experimental data, clinical data, knowledge or opinion
of persons skilled in the art, outputs of a computer model, and other relevant sources.
[0057]  For example, the toxic state of interest may be associated with the induction of
cirrhosis by an exogenous drug. Cirthosis is typically associated with liver fibrosis in
which fibrotic scar tissue replaces normal tissue in a liver and causes dysfunction across the
organ (e.g., bile duct blockage yielding jaundice or portal vein hypertension due to swelling

around the portal vein). The identified set of biological processes can include, for example,
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associated with the release of liver enzymes into the blood stream, which
leads to a symptom known as "elevated liver enzymes." The lysis of the
e s can also induce a systemic inflammatory response that )
W%\%%Zéxggﬁher cellular destruction and ultimate if) liver faild’r(ér".wH@r%?ﬂ(9:5?3“/,83s
biological processes controlling dynamics and changes in biological
biol stadgispeasrdees itantifiect Bishydialegicabosdngtiuiants sstiereastadehotiver

ﬁbroes\{se, ﬁl)ti%l%%'lrc]:zl. erid%Q tgéetg? 910 551351&];3 qgnzgréguﬁ %f t}\o%fvterll%gregs%f g)ljglogical
Processes’| ntfied in s ep o1 are represente in the compu’tér model of
conthiesbioichicalisysee vk oyl exbniperRIGcSshowsiad is sathofibistogidale
biolB é?%g Pocadbb e 43,9&@@!@!{'%@%?0% 9@&9W&¥dﬂ§@ﬁ) q‘%\ﬁ? qu?{éb%%%s that are

cirrhosis. The computer model can be configured such that execution of
engefiged ST GEesPBIEr ANewsHbr widiliatitnh 6hasecethset of bedaiemies can be

assdRil0gicah Rresaseas RRNE 10XiGistale: of intenest PORM Refesying ta steive

103 of FIG. 1, the computer model is executed to identify one or 20 more

assq5iate P Hhe cE'5eas ke teAmRetdNe Qahlosrinterse: Whirk Ladidater
symipedetaambe ‘exacitadivitofwiirouls Welsal fstishdpsobreexanipanituce
atnorma hometostatic state,t Ii%/er r@eetsgibiglgerpco 1IiE)ida cgg e r%)ée tentgad
B A A A TR TS T e OB UTar G HerSs SREWAA FIEH45
livethfei baise I tityhbsisicdegignh platiesses ipids laridivera suitachthtogisity can

pio PREEEPIEREUE D ING SRIP RS, Mafshias A JAE s ANALICHIAR PALWAY can

or a 25 failure associated with molecular dynamics surrounding that
be idgi#fified. Introducing a modification to the computer model can represent
[00S8] EXSEHEON SEEBRIA assAeialest with thel exic.siatedching sadifigatinre
can be introduced to represent, far.example, an exgcution scepariq i
o R T G T REATE TS I B PR OBt o EBTB Eatis Shovrs o
set tdmidgithepiipetoxsdstape b kxampierthatnedificaio d caivpeent of
. introd ] : i fatty aci
e by A RO b o Shca e ngh [ AT (o
mogied pllassdHeyatiativg yidhio efcshempaionarsSiiely firaiasechictfaphgsoxic

stailtighyeerde concentrations, in him, can yield structural damage to the liver
and can induce lysis and death of hepatocytes as well as elevated liver

0087y e e BRSGR Ktredih 47 vie SO ET Y BETyEstiuryraigone o

moTdigdiesidiingcelutarcdamdgettantirothiee fiireedbroSissanthpoartingel can be
R LAY 9?#%% Iigclon-associated with hepatlis, Inhe gase

~ Of CIrrnosis, one or more o fhe events described above canactas a
livesiwtabrérofoditpidsisaERe tariowitdihe ectapiitctainedeliprdel theeswpeior

molM5E QMR $HEN ASHQhSXRANPIRIANANMNML El1frof 06 3510V ARE 1B A &R Mtant

be evaluated to identify one or more biological processes critical to the
toxigiticarshs gpresented in the computer model as a failure in a particular pathway or a

failure associated with molecular dynamics surrounding that pathway. Introducing a
modification to the computer model can represent an execution scenario associated with the
toxic state. The modification can be introduced to represent, for example, an execution
scenario in which a lipotoxic state takes over or in which there is a progression towards the
lipotoxic state. For example, the modification can be introduced to represent
overproduction of hepatic fatty acids (e.g., induced by an exogenous drug or excessive
alcohol ingestion) that increases hepatic triglyceride concentrations. Such increase in
hepatic triglyceride concentrations, in turn, can yield structural damage to the liver and can

induce lysis and death of hepatocytes as well as elevated liver enzymes in the blood stream.
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interest. [0060] In the case of cirrhosis, the toxic state can be represented
as outputs associated with, for example, enzyme activities, product
formation dynamics, and cellular functions that can indicate one or more
Wil didal firocesses that cause, affect, or are modified by tlre i Ostoxion 18485
state. Typically, the outputs of the computer model include a set of values
The R SPESANL IBNSIS OF ACHHRS. O IIRACA SpnStiivan'S. 0L A% GHhE"
behavidr of the toxic”state. E)aseq on these outputs, one or more
cirrlsiskogjivskpiovessed aeth wishdesigiiistelh dbecriteall Bigogoarpgdesseaf the
evel Q081 TRE sompuiermadel pan heexecutedQ repiesent armedificatien

to one or more B biological processes. In particular, a modificatioi to a
modsirERecHsPet BE R OBE b Rde el i EBIpLTRY WidB &I faehtrse dpuis
can egraR At CarRation de=0r thedsigrea ©i pastelationitbatweriihe state of

biological process and the toxic state of interest. For example, a
miteEyification to a biological process can be represented in computer
[0060pdeltdhic entify thiertegrethtaonhi stat¢verbbel ogicabprocess i gatsaspciated

affects, or js modified b toxi A biolagical-pro
e B gy ons
thatpradedisits observeetdinodisebriveasriciBthrann, $61d Risimisedifigd by the

toxf0odificatipninaRiclpgical JAracesmpakheJenresanted i e gompiker
model to identify the d%ggree of connection between other biological .
TePYSEREEEE SnPtEBNaE RiakesitobesEHERG: Fhar HRRnRTRtiRar s dRHS
statee [Besdnting adiokpgicabprocesschivloeicabpmediiec-ta teplaieante as critical
bi {nodiﬁication to the biological process. A modification to a mathematical
101081Ca1 DIOCCSEES. . .
retation can In¢lude, for example, a parametric change (e.g., altering or

[006pEciffirmrompdemmoréeparabrtsraitdds tpsotintednpdbiihiéon to one or more

 viofEtemRlEALICR AR N ARIRARHIMDY DAl Ahens Gl o

variables associated with the mathematical relation, altering or specitying

in eompeerRRdchin oAl o lsarea Al APPIRS HRA ke Al AP PG ADFOEH 418D

 betéRBARIRANON thengebotdiemativeipatanaler wakies. R beatniledierdidsation

“for example, disclosed in U.S. Patent No. 6,078,739 discussed .~ :
o BRI PRE® ARG SRTCIRHSN PRl R HER o to which
therhodlificatipns as, dorsexarfiple, disslosdifigd U SheApplicition Sbidél diw] process

carpf% %?E%’t%se% qgsgé{ﬁ%‘? tﬁégxggy*g‘%eiﬁyxvlgoa%%%%%ﬁis biological process is

PCT/US2004/018485 [0063] In some instances, identifying Critical
obsiteshiie arpsteredisderds fiel e YBp NFARFca i ligEnuitR AYialegiels
pré@es Eb!ﬁ%\é%?[&@ﬁ?éﬂﬂﬁrﬂg higlpaicahprereskRaibaiR&gielade dotentdtion

toxic state_ of interest. In some ipstances, sensitivity analysis can involve a

belwiR SHR Y R RO RS REEP P BRA LS HESE N their degree of connection

[0G62{he OXéstates mathematical relations representing a biological process can be
modified to represent a modification to the biological process. A modification to a
mathematical relation can include, for example, a parametric change (e.g., altering or
specifying one or more parameter values associated with the mathematical relation), altering
or specifying behavior of one or more variables associated with the mathematical relation,
altering or specifying one or more functions associated with the mathematical relation, or a
combination thereof. Alternative parameter values can be introduced as, for example,
disclosed in U.S. Patent No. 6,078,739 discussed previously. Also, linked simulation
operations can be used to introduce modifications as, for example, disclosed in U.S.

Application Serial No. 09/814,536 discussed previously.
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s Sensitivity analysis allows a user to determine the importance of a
biological process in the context of the toxic state. An example of a
cg&q rocess of greater importance is a biological process that )
V‘i%]ﬂcreaggéft?”e severity of the toxic state. Thus, blocking or irﬂ%fﬁﬁﬁ'“ﬁ[{ﬂm&’
occurrence of this biological process can decrease the severity of the toxic
[0068dte. in sowanksbrdesindsai HivlggidatProokssdiiat pleyssecmarelinipeainitvity
ol indhe faxic stalR1Q.typical ighen ranks, Tha rapkcordering,
e o e e e
relagtgyie Hinforecippopantaoe datsoamioweirregik sappicamanisisgieainvolve a
rank @ﬁ@ﬁﬁ%%l@éﬁé@ﬁf&@&gﬁag’é@ﬂﬂglﬁi{]@%&é'H?QB%HCE@E B40eQ6xic state.

i
identified. as_critical biological processes. 100641 Following identification

Sengitifitic AP BieIs GArHroceskede B [BF Bioegisr of HEeiga el pregssdn the
corﬁé&t?ok@ﬂe Iﬁ@ﬁ@fmgiﬂi?ﬂlraﬁm | E@&Q@ﬂﬁ%’%%@@r%ﬁ&ﬂ@é?ﬁ{ce isa
. -——-_least one of the critical_biologica cesses. 10jOgICal assays .
b et e, R EL0s S s I o loSHene of wtbiing
the Cetlibhased dsbaysobegichiepperéss meddeaithadothe xaneple ciciteccidtsites In a

( | i [ d.f h i tj d th
rani\ecigdeﬁgisa gﬂg&%ﬁ% pﬁ%ﬁ&,v&at gfﬁlg)s ééﬁ@&% g%p%g ﬁgq{?iéﬁ%%”om e

cultured Th a orcell line cuftures (e.g., at have been

typieatsferthedigmmiandridiizaank pi el ma)sh dUnras froTrersgmminer, such

thaDHBBRERLTIB AN MARIDYIRG R taieHale .y &AIRea%e: &%&'.stlﬁiéﬁli:?})
. be derived from non-human animals such as rats, mice, and so forth. For

biolgeial RIOREHEHAL R ORHRSE FRIFHOMALHSATPRINIEH SRR Gridied as

crithenivlvgiednantmeds that are animal models of obesity or diabetes.

ima dels can include, far example, non-human mammals_ such as
S R S e

asspphihidertifindatsienlt0havihg set tititodrgicabrssalisende. desigesdmpiailuate at

lea8RAL MRAEIS; Of BREsHY-PLAlabeIes can include homozygous obese
(ob), diabetic (db), fat (tat), or tubby (tub) mice. 100661 For example, the

005 of HRopdRAcal asasy sAearchE BeShmeti e validite dAwBE fsanimal models.

Cellﬂiﬁ%@kﬁsﬁ}@tcﬁiﬂi&%ﬁslﬂﬁ&iﬁzﬂﬂr,]dﬁﬁie@lh;ﬁm&@cﬁf@&ﬁ?ﬁl@s%@.ggég§@%gicaﬂy
hepatic triglycerides. .30.The pat s that induce ¢ SIS eat

ror e T (R S A R A R AR e PR
celtetheuttawe @n b@s(tlh}@dtﬁdmm@hml thtimul ﬂﬁﬁ linujdlﬂedeﬂved.ﬁon} normal
hxﬁ‘é%EPJPﬂHﬁ{'R{lﬁﬁ%@h%ﬁg'Q?o&ﬂd%’Eﬁfé Jyvgaeells: ThIRQYeIPIRSUCtan IR fom

turn, can result in the overproduction of hepatic triglycerides. Pathways
nopRE eSS tHelirtidadeirtestlep 1oty Eoyonanpie polis may be derived

froRGIAHRPA0MALEA8R-heRal: HelvGesidremasResiAIM dhos e halireaUldikLs of
SIS A ot o bl feponaes (£, BOgEel
mise, fatthpadyairfsttivhith apretiatidelbiclegicaliadady wanhhedesignethls having
a toxic state or a disease. For example, animal models of obesity or diabetes can include
homozygous obese (ob), diabetic (db), fat (far), or tubby (tub) mice.

[0066] For example, the set of biological assays can be designed to evaluate one or more
pathways that induce cell lysis and death in the presence of increased hepatic triglycerides.
The pathways that induce cell lysis and death can be identiﬁed using the computer model.
In this example, a hepatocyte cell culture can be subjected to external stimuli that induce
overproduction of fatty acids in intact liver cells. This overproduction, in turn, can result in

the overproduction of hepatic triglycerides. Pathways that respond to the increased level of
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[00671 With reference to step 105 of FIG. 1, the therapy is tested in the
set of biological 5 assays. To some instances, different levels or amounts
of the therapy can be tested in the set of biological assays to determine
Wheoiditisamount at which the therapy is potentially toxicPEoUEampleRs
different doses of a drug can be tested in the set of biological assays to

hepdQ %ﬁ}%@%ﬁ#&%ﬁ%ﬁh‘%’mgg'e%%t%g@lﬂﬂlcl%ﬁ Rt DAL AXIG AR AN cat

t
exa e, | : t levels or amou_nts of .VaI’IOUS drugs OI’ various .
respensardpmebitiPEivahigaroRass Bespsined. with e St bre| GETCAIRESafs.
1evel00R8 L E o ingisxrrsiretpriietersiwn g setef hivladiealassays is

~evaluated to determine whether one or more of the critical biological . .
[00670ce 868 T hEAn SRS HOBY - TyBrRARdiRtstdn BF SLhtiRiglosical
assalio|ogicah precass cahe-gdelershine dhyuavatdding e yhahaviaset in the set
biplogical constityents that make,up the critical higlogical process., In.
o D PRATAF o BT SEIVLS B T IBEHAl SAG g by Bonebitny
toxicaifdrexdetpleniiccAnbitreroMethgd-of betertmininthervotiffdatiopiofl assays to
it iglogi ' i ggsS | of a.
e R e v
diffgrer derrticl anOMHic] PrévesdBeHrE VAROU FieH TPARLHPOAL P Sardtfossted
in nendlosagtivitiesi akhiglogical constituents can be 20 measured.
Measurement of transcription can be performed, for example, using a get
(006 proB LTS RS CaPBHRIBITC B RRR b SR AArE
deteproine svinalyeinaltdendoiAfShe veticashiBidAcsbpuences ,ammo@iﬁ@(step 106).
Typslga%éfg %%?ﬁf%%ﬁ%%ﬁ“é%ﬁ@&h%?%@ﬁ%%&8& Qé}{/ée%‘e%% ol Eg}wgﬁﬁ’aﬁng the

sequences o A analogs or mlﬁ']ICS, or combinations thereof.

behpalyrrfdidtigess soiiveatsohprorks wdhpersisHislps® nersetiddn
" parBEHYERCRSs SHEN AR S YIERENe AHEONLGIRRHMS SRONCNGES hEeSRhother

polynucleotide sequences can be synthesized enzymatically in Vivo, .
melgR éﬁfé&wl}ﬁ&ﬁ?&ﬂ%?@?{“&fﬁalw%@%é@%‘?ﬁl@8&%&)1,"“8 VR Rraluating
cha@pzymaticaliy e vitkhidlbeisetREprobag wuaditc¢an be immobilized to a
[00%8!10' 5’1[‘89}0%11%'& 2yrfage, which, ad DE ROIONS ¢ rbﬁ‘qn‘éli’é’a‘io‘%é@e'isoe% S

example, he'Se onrobes may nclude polynuc eotide sequences that
modiBeditaehedtca.ritudetioto soddrragioritiveoibialegionlfitestiBEmheasdt of

meRQRES R@é&ﬁ%ﬁﬂ%ﬂl%ﬁ@&ﬁﬁ&y&&m AR MODES: A5l R IEXAMPI sct of

disclosed in Sambrook et al., Eds., Molecular Cloning: A Laboratory
profrsribish Inzids 1SRRI RIS iR BBrLeBorBes e Bk SER PR BsHde
DN ¥eqRaeh @IRIQ8 N g 5lig SPROFEOSIUEIRGE oA Renaiglass, esdalastcos
DI\%rfa\ce. hi some, instances, mefg%lreme t of transcription can be 20,WO

GO PSSR CRSSATS T805 AGES) POBHch i e A FoL A e
PobfprideesicAcmiencar rdytypis atlyyihelsydeisesi ol idudeppbrtomsurfacadhith
syrﬁﬁe%'édgﬁg&%@}ﬁ% Qéagé[ﬁgegr tﬁ’l@&%%légﬁﬁg Qéq%réﬁqggﬁr%e synthesized
enzymatically in vivo, enzymatically in vitro (e.g., by polymerase chain reaction), or non-
enzymatically in vitro. The set of probes used can be immobilized fo a solid support or
surface, which may be porous or non-porous. For example, the set of probes may include
polynucleotide sequences that are attached to a nitrocellulose or nylon membrane or filter.
The set of probes can be implemented as hybridization probes as, for example, disclosed in
Sambrook et al., Eds., Molecular Cloning: A Laboratory Manual, Vols. 1-3 (Cold Spring
Harbor Laboratory, Cold Spring Harbor, N.Y ., 2Znd ed. 1989). A solid support or surface

may be a glass or plastic surface. In some instances, measurement of transcription can be
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various genes (e.g., a majority or substantially all of the genes) of a genre
of a biological system. Such microarray can include a population of
I leotide sequences (e.g., a 5 population of DNA sequences or DNA
V{r?)f(]?lr%{)?c%(%flébpopulation of RNA sequences or RNA mimics) TnHIGBAL &8s
the solid support or surface. [0070] Measurement of translation can be
maqesidipediacdordit ghiceengtal inethedsA ktcrexamplgicihpladere melid
sopIOPUCIING of preteins ysind. proteome teshnigues. san he perfamed by,
Bonstruc INg a microarray in w ich bindirig sites inciude immobilize ‘%Lg)
varimonsoion@ antibodied specificadivlyi el protaasenvodeddyeojehoiegical
sysbories 638 B ISR IBL ubsRRtA eRconelibeanepdete o o

proteins or at least for those proteins relevant to the action of the thera

poplafen<th MBE RreReRIeRIRINALBIHES ST Baratte 66 RA forwtsfTsTe RN A

midisgasadiniHatenandiangdntibediaseA Laboratory Manual (Cold
S&rln%\garbor, N.Y., 1988')._In some instances, mongclonal antibodiesdcar% ]

[00B - o M Ersgmero SRt e RRrHETRSARC TS Mradigighajods. For

exapasedbigerante seqierne dimatealshehgt proaasionalianjibedyabeay,

wfroteine iom.a.coll are coniacied to fne micioaay. and binding, oL e
P pro elnsycan Be assayeéllwfh c%nven iona egﬁnlques.',& ernatively,

moppoteinbadib b csepaifitad taripvemirrerstonedeseh e keetropivorésighodies can

be HERNSAS siRsGRANRIS LIS clase it damehflsd SELEIBFIRRDBIERR
of Proteins: A Practical Approach (IRL Press, New York, 20 1990);

relSpaherBRIRs et hodrmboing Aicdd Menecional Anigsdianer hagroduced
as, ERHAEGAL UiRbI0EAD6, YeRSE 1211509; 1o3Boane: Lande:- 1996/ Seianceld

P P R NP s

" symletirpphidde Sie glomd avsédond dimensibaseihe eswitngsequence of a cell Fora

| . o elding. .
moRSINR {%%% Sa%?&&@n?é‘@%%%}’ﬁ% %%Q%&%&%@%?%M&H&Bﬁ%xndmg

or examp e m ectrqmetrlc 25. tec nlques, western .ottlng, .
of therminieiBlotainzgaRaYR MGth SRFBHEEh tpTRBISYfo dIteEi B LYiag Ofgies can be
septaERa) PR NHeERINAL GG edHERENE s RCNIQUaS A OWsclosed in

identification of a substantial fraction of proteins produced undér ﬁgiven
3

Hepibib sl HsrumBResihaffdRig i bkeamipial APREmStERL yEgiyhew Yok
198qpesedcigakdreignby ia06ehsoarivaifiect-ty, Seletlon ot 09aredrEsSsiBaphbao et

al.,p ﬁ{g& Luxaera 6{151%]99[99;31]31%%&%”1%%05gi%g\c/%@ﬁl%%%i-gﬁgi%%o-dim nsional
constituents, such asproteins, can be périormed according to several

gehetatiobhovkstsiraeabniyp it viy daptive iperformadsye dnst duprmbrafollowed

pyliprhemigal RLphVRIcAlIRtosds- AR Qs A thenactivityBeiREk opherograms
characterized. Where the activity involves a chemical transformation,

cap SRR 6T BERBEECTREEET 2 PARY DB0R AT, mass spectrometric
tedRGIGHeS 2RO 4 o\uitiman sistid ral Sukistisiies pelgidibeatatel @fonoclonal

anggon 1];05[ r.'?n iPn e%g'eﬂ ggdrﬁﬁgr%%?a m\{\épgg%c}ggnca:i%%yi%1011 techniques allow
identification of a substantial fraction of proteins produced under given physiological
conditions, including, for example, in cells (e.g., yeast) exposed to a drug or in cells
modified by deletion or over-expression of a particular gene.

[0071] Measurement of activities of biological constituents, such as proteins, can be
performed according to several methods. Measurement of activity can be performed by any

functional, biochemical, or physical methods appropfiate to the activity being characterized.

Where the activity involves a chemical transformation, cellular protein can be contacted
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involves association in multimeric units (e.g., association of an activated
DNA binding complex with DNA), the amount of associated protein or
secondary consequences of the association (e.g., amounts of mMRNA
wiweniseribad) can be measured. Also, where a s functional agtivitys2804/018483
known, as in cell cycle control, performance of the functional activity can
..pbe measured, [0072] With reference to FIG. 1, the potential toxicity of the .
el T R s
invdveneseoctitioalibiologicalprocéses, isstheiadam of biologicaldbRbay bintliset
confI BN TRIORRSRES A B SUULEALR ARG RIAGREARA MELIERLIIES tre

sing the computer model can be compared with a set of biological
assqsrgiendes MpaEoby IRt thbrapy hethesdedneioticdt aesuy@ e Fhe two
fin SR LLBIRRGIEMBIACESSER LRI LATNAFRHIRRIRE K188 ARBH8RPhctivity
correspondence of the two sets of biological processes. [0073] As used
canfs&FSHE erm “"degree of correspondence” and its grammatical is

joogguivalemisdriende @ Fa@tiorsbiphetiveenitity of traieelenants taddreed
being compared. Exam of.elements being compared.include sets.of

o ORI R SLRL S8 A BAOHIE B /ag ol ERuNICRIE L Gopgs o st

of Bmmr@éssmg.tmfaégiebgtmmmmdem@ﬁ@m blebwité thedesas) of

1deRGFEE e RIS MAhematcal 9E RoRRRNEmatical &@M@g@aﬁlﬁmﬁ%

being compared. Mathematical agreement can include, for example,
moéife%?ehy ioberenindihipt of tidasital spuiemdhaie getovidhialogical processes
canBEBREFERIP BhhvesetsdERislouisatspraaesses) @k siafistical sesimnant
O%% ., Statistical agreement of two profiles of biological constituents).
Y %@fnathematical agreement can include, for example, qualitative

[0048Teementcidtwee Hielcenarfidegeingl comparad {067 4} Titregdegrediof

equggéfi%%% %%@?{%C%Qﬁl}gﬂﬁgﬁ WEELR QI PIRIRQIAl BCESRS 48 Eeui?g“éo@ﬁaemd.

ed using the computer model and the other set identified in

Exgaplss isiofbreals dsingorenssddichidetrdsbteiningitakizipgestanenthaieiys of
bicbdniareststhibednie stk ofshinlagicalibracesses eoUespoRaEIRze Yathen

the therapy can be identified as having a high potential for inducing
deserbaithSAcird HiBRETE Sy SIOR, RO BRIt BORGH DowHiFAh B 15ty
elepate ®dienitinchit dnadhtiealhifdneredtical binldgitalepfocessesigreverlap in

modified in 30 the set of biological assays. If the.twq sets of biological , .
e r R, e WA R s i

- preasdsen)ing sielsiicploteresaldr (helusivitpiosi cigyemmentadiotogicdiley sidnelFopal

coBABRRlE), adohateRiallanlaxisibhcan A identfie gx'&ﬁ}?@? hielbQE tRBeement
10

critical b|ol?\%ica] processes are not modified in the set o ogical
be‘é’f&"s&&‘)@?@? EFYGERIRHES5 PCT/US2004/018485

[0074]  The degree of correspondence between two sets of biological processes (e.g., one
set identified using the computer model and the other set identified in the set of biological
assays) can indicate the potential toxicity of the therapy of interest. If the two sets of
biological processes correspond closely, then the therapy can be identified as having a high
potential for inducing toxicity in the biological system. For example, a high potential for
toxicity can be identified if most or all of the critical biological processes are modified in
the set of biological assays. If the two sets of biological processes do not correspond
closely, then the therapy can be identified as having a low potential for inducing toxicity in
the biological system. For eﬁample, a low potential for toxicity can be identified if most or

all of the critical biological processes are not modified in the set of biological assays.
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[00751 For certain applications, a potential toxicity of a therapy can be
identified by generating profiles of biological constituents. A virtual profile
W k%i(()}lcl)lgli_cal_constituents can be obtained from execution of a computer
hodet WHeFeas an experimental or observed profile of biolB&iEA&IS2004/018485
constituents can be obtained from testing the therapy in a set of 5
[oobiplogicalcagsay syaradie, (Bpdiemial Htbalier e airentahprofile) tipiaaly
includes %fetolp{).\/:illues1 and each value_gtan1 beﬂ? so_'atjd with one. or
B B LB TE &1 AR SRS Rk, R AR I S A I8 A SR A 5
canfiaroiametitahreprestntatiarahthectavelidr vaotivity of operonsmater observed

iologlical consti ~In. some instan e virtual file of biological
profS SR ERAPUE R L SO B IR S eI AR PO
biolglval aseey10 Hfidisdival constialenexpedorsiaboeiie) Vinirallpriofiledes 2 set
of IRIZICA CRASHIMERLS, 1BeLOMRLISEIMALE Fande LR EaHIed IR ddaRily

one or more biological processes related to ataxic state of interest. In
Tyrisate, irstaiields, aieberBuRIcHSH SPEa/ BT SR bRt i HopresbRteyel or
actMOdHiCALAR 100eNBiClb e cohitlingical PieeassRS-pAkic W ANeducirg

. nodification to th t del 1 t ti )
biof A 6 REC IR TR SN ERE P RATRURE 6" AMGEIEARH = =
of batbgeaintmsiﬁmdtstq represent overprodgction of hep_atic fatty acids that
[0 rea%‘o’?tgg%‘i‘&aféﬁ%ﬁﬁg89&18@’&&%5‘H&5&?§&m§8§%ﬁé@8§ QDS GO DIIEL

model produces one or more outputs. As discussed above, outputs of the
exqsginpinddamddany prcamrintingecal Werepoagtdothtn séprssiaie kialgres. In
sorA6 itigs-af Bivlegipal cONSIHUORS 060N Aihe R RENAVI Bf LREIOH Gne or

state, These outputs can be evaluated to, generate the virtual profile of

OB SR L SFRR RSPt LIRS E iSRS SR AR HPOr tBE BooTagiRapode!

carCRpsiitie Risceatuibervecasa hisoonikd ittt iestoxiic stake. IMosgapanictiarly, —

the virtual pr redict or infer the urrence, of thgst XIiC

mo %catlon C 1gfi|g} rggusgc{\{g rta(%)r SEIT ‘overP (8] c%mnogcf‘ieg?%c atta/fat?_} at

state and c_an f e USQ as a agr_mstlc Crl erl_a or clinical sign e toxic
incgtases XH OO TS Feoréx apnpialreiecutibricottion cbihpotammiotabdelproduces

ondWlicaie thahadaricilarRatmay contihwes to.cell ivsisand Ei%@ém%ﬁaﬁlde a

presence of elevated hepatic triglycerides. A virtual profile can"be
set e valufe tAbTrEBTE MR AR iesiofhiplomical creiBieads i ®r efain
belgRNQSAIBAGIhe pathaydndhe piesance-oiielevatedhepatintighcarasse of
bi his irtuatl.ﬁ{rofgle an serve as a b{gnngﬁ&lr of girrh%)gis1 30%1 O78%‘tu ;
EREUTCR SR o pUter B aer ean prodicE Variots St St otiputs A g
serverzekeltiom aalysithedoxbespesforoedipariithéasst stefottplisdbl g enesate to
pré&%t%f%%ﬁﬁ%f%%cﬂhggéwlﬁ@ GNSHHE A éﬁrb%@%pi? at(}.ﬂggﬁggﬁé) I:riteria or

~outputs can be associated with different points in time and can represent
cligighlsiga sdiths ttiaffica particular biological state, such as, 23

[00777 For example, execution of the computer model can indicate that a particular
pathway contributes to cell lysis and death in the-presence of elevated hepatic triglycerides.
A virtual profile can be generated to represent enzymatic activity or level of expression of
certain genes aiong the pathway in the presence of elevated hepatic triglycerides. This
virtual profile can serve as a biomarker of cirrhosis.

[0078] Execution of the computer model can produce various sets of outputs, and
correlation analysis can be performed on the sets of outputs to generate the virtual profile of
biological constituents. For example, the sets of outputs can be associated with different

points in time and can represent a progression towards a particular biological state, such as,
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WO 2004/114195 PCT/US2004/018485 for example, the toxic state..
Correlation analysis can be performed on the sets of outputs to identify a
set of outputs at an earlier point in time that can serve to predict or infer
wiheo@eourrence of the toxic state at a subsequent point in timoe/Exempless
of techniques for identifying bionlarkers using correlation analysis are
described in the co-pending,and co- owned, pater licati
o P G RGO U AR METIER Tof O g, BlaboRere e ©
idenGympetef Mot 1idiSaAsplivation SerdiN ea 673 Pdonrgdiffey infer the
occu%e?gggq 1her 12 7002, the ﬁ&%@ léﬁ?}%fiﬁ\( hichis insorRgIated:hergin by or
reference In its entirety. [0070] The experimental profile of biological
idengdistitbimerkar BEnganeiitEauIY VaRTEs RS EthinderromeRetn g the-
owriREs RN B R SeIoh Biglagispbaasays ke PAR|GHIAL: the Selield binlugiealying

_ assays can be evaluated to identify biological processes ified
Biogges %Pfélagaﬁﬁnaﬁ%‘cgr&iaﬁﬂm|Ug%@§§£§}§?c§ﬁ%§§%?h%ﬁﬁﬁﬁﬁf?§g
Dedhgoaradified bieledicalb precssseislincindesmeasurinilbyetéomacivities

.of biological constituents that are related to these modified biological
em”bartgcesses. These levels or activities can then be used to generate is the
[00EXperfertalainfitebfibitlogicalotegetiaertE {OUBOITMRE hremE iues
obrRiologisal canstitvents. and the.cxperimental arafis of hiolagigal, the set of

constituents can be compared to determine the potential toxicity of th
biolegipabgssare q%ﬂﬁfﬁ@%@%&?i%ﬁwmlﬂ%’i}rﬁ‘iﬂ%ﬁﬁéh?szfa‘inﬁﬁéﬁF§ B
theth}§y SXBEY inesttalimelie Avpiealtpiwithbtebdde fespiFotiveivainet fied diological

commpon set of biological constituents. One.20 method of comparin
POy GG e o AT ST A B et g e o
the@spodidtatbivitbeiba preesrofilcBhSa bty dompaniisatiee armbecd bnagdifyggosrate

- 'hé%%%a}f%?gieémat %sﬁigq!ft&%@%?gb&gﬁ@g@erme»xam—ple-, values-ofthetwo

S can be represented graphically, and visual techniques can be

[0088kd T ireviorsl tiefdoafrislestcaheonstirens Bddhs e Eonipialismfiast

bioRSeRerfBed hyscalculadingoreicenisgamittenansasninay adurapb 2hdhikerapy.
two profiles. In some instances 5 degree of (jorre@ ong%ncerof the t
% él e ©

R e s e e B corliprofil

etwo profiles, an
typilegreeof iaonies pepaees shieshier usechtwpredict tivdqgitdnvabtoxioly éine
e therapy. For example, ikthe. il re statisti

T SR ROl s o i tn il
asdpcleiciby ibxioitivin praibiol SHieaCoRERRON 9o RrfoRs WitE M pistifes
AE NPt siRtsticallv silan dhen thetberrraan b identifiestashavingd

a low potential for inducing toxicity in the biological %stem.As ngLfﬁ?tf

n

d
sRRAAE AT BRI ISGLI PEHRSR RS LR TRBIutE & SBEST
exthigRheldhprbaselinervluesmantbineapoletitiabtoxtaigefliférences in values of

the two profiles. In some instances, a degree of correspondence of the two profiles can be
determined based on comparing the two profiles, and the degree of correspondence can be
used to predict the potential toxicity of the therapy. For example, if the values of the two
profiles are statistically similar, then the therapy can be identified as having a high potential
for inducing toxicity in the biological system. If the values of the two profiles are not
statistically similar, then the therapy can be identified as having a low potential for inducing
toxicity in the biological system. As discussed previously, the virtual profile of biological

constituents can include a set of threshold or baseline values, and the potential toxicity of
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WO 2004/114195 PCT/US2004/018485 the therapy can be identified.
based on determining whether values of the experiment profile of
%‘?&Q}??ﬁ gonstituents exceed or fall below the set of threshold or baseline
values. 60’81] At this point, advantages associated with the’ figtolL 18485
described above can be appreciated. Advantageously, the methods can
theubergoneputeridsotils toriddntifdccseinh wisthgicallassayte Bagesetaaf profile
of PYOIBIEARARIANEFAD DL AP NGB ANE AP, A0S ROSHIAIEM . values.

characterize biological response, su , for example, io ogica
[00dpondbtintRiie By aniusrapyorresl s bfihastokbivlogicdlassays: be
apifieBsauSes-saidentity Paltare o diglogic b HEaRATSEa NG PAle NS . Of ¢

X ?iolo%[:cal response can then be used. to categorize therapies into
biofggisghissie JASSEhRItivE Blotsgatre bp drsenssHee fsyatelaadaccurately
chegactesponidingidal iexionte) Baii-texier ifiaren] tynesioiltedsHies ifhd-20y a

forth).FIG. 5 shows an.example of a biological response space, where
eSO R b ERR BBt bt B P LR T aRumaS e oologca
respigig ivhl desptmse o Abpatieiniokhiolsgical tiesponsestota dhesafiyeadtrapies into
. I s ' ical processes madified by the .
o o bohfe aprne fo oxi,

notsiarggichifesni e 8 Indvisistagebsfrihbiap§ govis angsample of a

biotharacteszachpses ARAbsentr: Q&h@%@ﬂ%&%@&f&%&%&%{?&%
iological -response that is .inferred from chemical characteristics. [0082]
pa F%ﬁﬁﬁél%‘&%‘é%%f&ﬁ?f@ﬁ%ﬁrEﬁ%@%%ﬁ}@ﬂ%ﬂd&?&%ﬁﬁf&%@%@aazépresem

forprowigiée byetwhliologianpiescand wadifisl ot eshodimenis: afdiological
e T e S B o W

entifying a potential toxicity of a therapy n-a 20 particularpati Frasn

be ghatreinaz e irasad patdserorddisdettalaetypesof phticitefchgseonhiticgleal
resBRBOhRUBRRRAIERE: IR HAIIGWRESsgEePtibility of a particular patient

or.a particular type of patient to toxicity of the therapy can be identified.

[00%A| anta ROTLRE Lz bt FrecHiio W ebr de dismisseribere are provided by
wabiofatkert afiowiel 'tyuaad@agfmmmla@aamaﬁ§w§domf BliZ€me

nd. categorize patients based on,thejr susceptibility to foxicity of a 25 .
“therapy. ?Ség’ff%ﬂ?;‘.gt%nsﬂ%%v%fg S@J@Qﬁ%ﬁ%ﬁﬁwwﬁy sy ina
pangsitapefientieeamparacdariivuian paifet) orappuaitidatarygeadpafcpagiants,

ARSYUOI0G 1or 8 adimen inyent 0, a toxic state of
pe interest?%iden%%?@%gp %@&?ﬁggé&%@(@%ﬁ %gr%g%g%%@rigfagae% %m 2

Pagtgnian fersiate st sacininsirindilys Bomany esmimitdeniiinel Avutingsgud3ome
emiepriesen inevsehaddrialqgicat prosessasandt thadniesastions helwgsn s

as biosl%giC %I rocesses. he computer model can he defined to represent
The par(ﬁcru ar patient 8t group %tﬁgﬁré}?t?dl AR SRRt R dosicHgrEe
theggpifigurations of the computer model can be defined to represent the
[od%%ﬁtlcuﬁhp@tgﬁ&kg’%%&%@i& ﬁ)t}l,‘elalélsltl Sndgig%%%esl%daﬁ%%/c%tyaof a therapy in a
particular patient or a particular group of patients, according to an embodiment of the
invention. At step 600, a toxic state of interest is identified. At step 601, a set of biological
processes related to the toxic state is identified. At step 602, a computer model is defined to
represent the set of biological processes and the interactions between the biological
processes. The computer model can be defined to represent the particular patient or group
of patients. In some instances, one or more configurations of the computer model can be

defined to represent the particular patient or group of patients. As discussed above, a
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25 WO 2004/114195 PCT/US2004/018485 previously developed
computer model can be used. A t step 603, the computer model is
executed to identify one or more biological processes critical to the
WoCHUHErt® of the toxic state. fin some instances, a virtual prafils004/018485
biological constituents related. to the critical biological processes is
__generated.. This virtual profile can, serve as a hio crofg& f I Sel
e e O R R R P T
exequied fotidpififeotteeoronots e nbeiofitheo tesdes statis ah ithbpegisitasardifeniec
stat% reup Qf RRUSNIS: [Qg%aﬁﬁﬁ}ﬁf% 606 sRLPLNIOIREIGR! RBR8YS IBic critical

. _identified. In some instances, the set of "biological assays can serve as a .
biolggghstietesstitoRSRIR-tHE sUSERBtBING Lt tRaBarte datopatieRe e toxic

statQr AR O RAteRtS teHioxigiha of the dherap Akleastane dialogical assayr the
from the_ 10 set of biolpgical assa¥s is related. to one or more of the

OCCSR QA RS SELT TR HRA S BRSPS R BB BB S some
[00$aStansesithensed efthibtagicglcaksayss danlbeifiedighedniraisedopsiies set of

. virtual profile of biological constituents. The f biologi .
g i S e
patitaigr, aroglldiastdntassagyidivafobpisiaisgitalvessondaslqaiesl agppy from the

set @#ﬁf(ﬂg\gﬁﬁﬁﬁ DeBYMOPRYRIRIOLIGRLTS FRABERAESIPIERN MRntified as
responses, proteomic responses, or a combination thereof. At step, 605,

critifid et Sgeal BESHS S RIS B e PARIERISH SEHRACEt b oaHF
basP@HL S viRISebalcbitlogisglassays nan heTiesteddieiolegan thsing the

. caurse of a clinical trial for the therapy. .In particular, the set of biologi
B

asstiyprapyvopiheiphtical acspatiest (Oregrouglofhatientsh Adsbr ativel phpvimozgral

R "fé’éﬁ&%&”ﬁ%ﬁ?&ﬁﬁ@‘%5&%@@@@8&&%{?&%@&8@%@%&%@@%@@’%@éﬂ?ﬁ%@ﬁ0'5;" T
ate the

condifiqns that include or simu » presence or effects of the therapy.
thejpesefhiolpricahatssy s ERise EMEBISIOHRS BAtkiBlGGiERreRtRmRRHs Tanset of
biohﬁéigﬁ%gaﬁ@a&ﬁ%;t@%m&_' ﬁeﬁ&s;ggafifr@@J@@&akaw?yﬁiﬁﬁmﬁzﬁﬁﬂfwgnefapy
patient or_group of patients. one or mare of the critical biologic
I B BTE OB A BORTHE SErthdiany fs TETeAHER 6 Beia
apgmi@ﬂﬂltyettap'mtmﬁhg)mmiqaiampamimmwlgmrﬁpabfqu&tiehl@gaﬁep\ﬁ@?)'mf
ot (691 b silicahialnaeal Bacesaen Ale0RLMAAIPCL(SIEBns ot

_ le therapy Is identified as not being potentially toxic in the

inqhadeien mpatiche oreproap of catenisiisibsTans) oves] metaKetHeYr

exSARIRAIE: seme srpkadimentsefithaipvantiondpiaedorisantiingid s30of
otential toxicity of a variety of other types off stimulus or perturbation that

. POte ¢
biqlagbasipRed 15 ABHATGRT S B PEREH a flow chart for
[oédentifyingrapetentiaf thxicitiical hioleriviipnooesital agenidfiabtemtnantia

theara%i}Q gg %ggtlﬁ’é/d’c’ %%'Qe%&%%ﬁ%irﬁ%ﬁ?z AETN 9&5@&5‘&% patient or group of patients
(step 607). If one or more of the critical biological processes are not modified (step 606),
the therapy is identified as not being potentially toxic in the particular patient or group of
patients (step 608).

[0086]  As another example, some embodiments of the invention relate to identifying a
potential toxicity of a variety of other types of stimulus or perturbation that can be applied
to a biclogical system. FIG. 7 shows a flow chart for identifying a potential toxicity of an
environmental agent or contaminant in a biological system, according to an embodiment of

the invention. The environmental agent or contaminant can include, for example, one or
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the invention. The environmental agent or contaminant can include, for
example, one or 26 WO 200411.11195 PCT/US2004/018485 more
compounds of any degree of complexity that can affect a biological state,

WIHEMHEL By known or unknown biological mechanisms. At P& 604018485
toxic state of the biological system is identified. Al. step 701, a set of

moRielagicalgracesses selatett tadblexioxihstaie isrddentfieskiAl stap, 402iar by

computer model gf the biolggical system is defined. The 5 computer .
o OO R Ll B O ek PG L BFISRE Tiereinigece
syshetieentiitediological Proeessesblnlsgime instances; aqrevinesiyic state is
.. _develop ter | ical system can.b ed. Af step
R R R S i
comppvise ssedetrrivatwditHie setufantagioptmecmssicsstadeha et o, heigeen the
'biog%@gifgg&éhéés%aﬁ@ﬁ%@eesA%&@fp}ed@@%g@kaﬁ?a&ﬂ%wm%

[

_ of biological 10 assays is related to one or more of the biological
biolgeaksaientsdind oty te hidernstaie madseis Fsuigisio identify one
or lae»er@iramgmalﬁaﬁafie@rcﬁﬁaaamiﬂm;ﬁﬁsdﬁsi@a ;i@tﬁi%oﬁ!{clfﬂ@f@ ofithep 704, a set

hiological assays. |f one or mare of the critical biological processes are
o RSEEN TR FOLT e Dol S R U ESP EON CRTHARe Tabit e
asSaALs b@m@ﬂ@dt@m&l Igﬂi_m{'rc _trﬁﬂméﬁblokigéﬁ:ai‘@)estem«@téﬁ§M)cdiioﬂewﬁle toxic
staf00IE QLR SrficAl DislaglcAlpaassPs e ALl madiien (RieB. 1081 Jbg.

_environmental agent or contaminant is identified as not being potentially
biojggiedhaseybiolbgiear yate nf tBeepivos) bioeire! AEoachspRET BREsIdstep

7060mMe avbadinesntsehihe bventientelatadaikienifying s RateRtidtoxic in the

. toxicity of a set of therapies in a biological system. In particular, a potential
biolSRER) OF GEHUR DN ARG Wd?ﬁﬁ%?n‘iﬁ%?_ﬁ}in?\‘ﬁFé?ﬁ‘aﬁ’f&‘ESﬁﬁ%%f%ﬁﬂt

maodéfiete(tidied 20 tAduaniageonslys soine esnbodimeritsiddioifdoapredietion

pofdhAYeIsE NIerACtionS betasn, distoiherapies, which adverse
interactions can induce a toXic state cﬁ a biological system. In particular,
[0085ine embduithentsaaidw somsreaieibmeniadiirsnivariactiont aiskotibms 2

po@ﬁﬁ&%@%ﬁ@@@éﬁﬁfeﬂﬁf@@ 'hfasb%'i%é%i %%Yé?ﬁ_.s egiacHANg 19&@11'?1%1
predicted for various combinations of therapies without requiring each
ol R B AR P A LB RS 2 b BISIoRRea <38 Eci 608 EF Kestifed:
Adcshewgeanfioyy wines tiasddiandifid alexpRienidal doxicitnotasahet dhasapiesyeen
.0 a biological system,.according to. an embodiment of the invention. At
A e LA S BB EA RS AIAHR A IOt AT SR B0,
sysietoflbiptogivddprovesselsorbiatats 2 aheltoriedttitmistidémtificthightdiep based

on32e iR WE%BW%Q&&QeE%(}%ﬁﬂ E[X%?é%‘ﬂﬁe?’&’cﬁ&im% Iég![ﬁeedicted for

computer model represents the set of biological processes an
i SRS RN AR 5 ST TR SERR8 400 A GBI e s in a ot
of BieNMgusl\aslayeloped computer
[0088] FIG. 8 shows a flow chart for identifying a potential toxicity of a set of therapies
in a biological system, according to an embodiment of the invention. At step 800, a toxic
state of the biological system is identified. At step 801, a set of biological processes related
to the toxic state is identified. At step 802, a computer model of the biological system is
defined. The computer model represents the set of biological processes and the interactions
between the biological processes. In some instances, a previously developed computer
model of the biological system can be used. At step 803, the computer model is executed to

identify one or more biological processes critical to the occurrence of the toxic state. In
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model of the biological system can be used. At step 803, the computer
model is executedto identify one or more biological processes critical to
the occurrence of the toxic state. In 27 wo 2004/114191
wBQT$206/1018485 sonic instances, a virtual profile of biptagicaéo/o18485
constituents related to the critical biological processes is generated. This
virtual profile ¢ nserve as biomar]cer fthe toxi Gstate More
som g ARy T o O b bt Ao d AL b bioogien
pm«thafsem}cgwnemc@lofl’ﬂhie toxie! stafddratireyiiogibairegstendt §:4 60B9gtaAG.
Mofl 1’?’9413 sekQfiRipiogicalAssAsJS idenifinduAl I5gstapsPintogical

the set of biological assays is related to one or more of the
Owbﬁ@-‘r@g?c%fltb@é@é%é%@ ilehtifreel e asbfigiYlated to the toxic state. At step

100895, eactiiherapy &f heaab atihesanies istesied inOREO5IPBISWiiilssay

iological assays. At step 806, the set of biological assays is evaluated.
Fory RS B B LG BB o B TRt SFAE ROy G
idediieragas 6£LQ thetsetofhherdpiastdn Somme Histancashanpxgahimentdltherapies
rofjle of biological tit ents can be ener for each.ther ft
SR e R N
evaboneliteentstdaniseogererdiedogasédrorerredbatitng feodiBdacuoltidsepy of

me%'mﬁ@!ag?e@%%wé that.ats relatedeiaRiglagicatiproassntmedifiae B
a therapy. [00901 At step 807, a set of virtual stimuli associated with the

oanchq smpateblesarchdhriany ofdhs 15hATCBRPE it PRI &R Bamental

pro@edinesi i eathdharapitotihe sgtairtinar apies /A Miksalistilullisocantivties of
efined to represent a mo |f|c |o one,or more of the bi

bl B Ce TSR Gt S ) Mo e B BraTes e e e oo

[009BTanciisstep\Bbi al sstimfivius datibeltefinaditd vdthtagy m%tba@mcs amdeﬁned

gl éjiQ%ﬁ?ﬁ!‘?n‘?i‘h@%Q%%eﬁ?ﬁﬂ%ﬂ%%@ﬁ%l%?ﬁﬁ%‘@ﬂé@&%ﬁﬁ@ﬁﬁ&y

‘1 At ste 8, the computer model is executed based on the set

virpfa)istiralssenulbe éﬁwum@?rﬁ%né@rﬁwekéﬁ%w PRSI CRY DPilest Hirdeaical

proddtRLisn ABAISEYSSBE-ARPVEh OsEPsIBiBfkEaC @Wtehf@@ﬁg hﬁ}iﬁlﬁﬁﬁy;l virtual
include a set of values that represent levels or. activitie Cal

SURWHS B AR S5 BtReP BRRA IS SPHE STTIGURE! SRR Biftbuts
coﬁﬁﬂd&t@‘gaim&hed for piie dietagryinfer the occurrence of the tOXIC state hi

[0G]/C 23,0 t%%h”&%%peé&pmgdgﬁ@ Bge&ﬂga%%fggg With dhe. wmuﬁramﬁm
of gree o

|olog|ca? congtitients o produce a de correspondence. If one
Exerwhioreodflth eouriticel biedebieaiprocensesmgie phdtiiie o adegseer above,

cution e thecrmputermess) (stari8: the setofithstaRiesisevel
%g‘éﬁntlfled as lg%?l?ﬁ potentially to%,lc in the bjological system (step 812)‘3 s

acBRE &y thBIISHe goeﬁﬁmab@waffbﬂaB@&Végrafe%‘m%aaﬂﬁﬁéammd%ﬁse
ougxesutianofthiecampytetinedeh 30 riep-8e)cihd tetokihenapies ésme
inégegl%ggechegg orxll?pul%se o B tc%rllltlly?eltr\é& Wi 1IP 1et Q?ﬁ%lqlol%ﬁ?e of biological constituents
to produce a degree of correspondence. If one or more of the critical biological processes
are modified based on execution of the computer model (step 809), the set of therapies is
identified as being potentially toxic in the biological system (step 810). If one or more of
the critical biological processes are not modified based on execution of the computer model
(step 809), the set of therapies is identified as not being potentially toxic in the biological
system (step 811). If desired, the set of therapies can be tested in one or more of the
biological assays to verify the identification of the set of therapies as being potentially toxic

or not potentially toxic.
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system (step 81l ). If desired, the set of therapies can be tested in one or
more of the biological assays to verify the identification of the set of
j being potentially toxic or not potentially toxic. 28 WO
%%%@%%31@9%5 PCT/US2004/018455 [0092] It is contemplatéd tHat Yh Gitss
more of the steps shown in FIG. 8 can be performed for various levels or
[009fbuntsiorezemptrsed fabiitherset st ofidrapies thidentifificorhbinations formed
forQfalEMRIS Qe RBPMAL I WBIEH he S8t &f dhera 93'5315%81‘%&61'8%%@}{ NG ations
example, one or more of the steps Shown in FIG. 8 can be perFo meg]ﬁfor
of Nt AQuETs fuahidr thy éffta?é)@{e%ff@ rigs e indntioyis. dombimatibnaok or
modese shokibe: sabeh dugs farwhich therensiaR USRI s SQELOXICIR: dHIS of a set
or &lso contemplated that one or more of the steps shown in FIG. 8 canbe
efformed tor addh ?téoé]tgfdjf%?ér%ﬁ}ég?%Bm,f%%&%ﬁ@ Vetienigntial
forgombiyationsab csugsiplaiotscombinaiionsaf eRefoamental ERANNSS be
' bipations of. one or more drugs and.one or more
B e et i o Mo eqonatons of
druggpesiinaneanphonlicng eherdted fontilsdtobtharapidb sanbaistanediintins of

ondaFicsiatfumal Slch- Iﬂ&'efgﬁ\ﬁmg&%aﬁpﬁ%ggg% i@iﬁl’ﬁﬁ%{%O%E%g%l%eﬁ that a

virtual stimul| defined for the set of therapies can be similarly's
set QA FHRSE eRlpbPRURt Apretied darpiset génksmmiestonn hnsietdilionaptiérdpy
forofaity texgsis afod @nampiditiamnab g wasiimulys: caribedefingd hased a9 dheq
Of%%ggti%rslegae%%esrignnﬁ%al o@%l‘ie' The computer mode| can be executed
ased on the 18 addiional Vit A SR FEPHHE b oHL- BF bosgperated for
an pditionslylsterschiirterasts tinduii tolddentifyvatpdteitialioxeitye dkthed based on
thedldiional eLamIFRRIBINAHAD WL ORP GEANCLE, ISIARIGS QLG Setof

therapies. [00931 An émbodiment of the invention relates to a compute

0o B driRttalE v BorrperemreaarieusEdiordaring stimul to
ideadiypLiet-axecisiably 600R MereanforResoMUNgRLNATIONS: one or more

theSOm %F{ﬁg@ggeg}%nted operations. The term "computer-readable
medium 1S tsed "R o include any medium that is capable of storing

[00§8 &ncddingbsigesnduisfiinsitivliehssrcademiotperiermips tet including a
TRIRAdS. daser N Jhe media and, code be those specially

* designed ;ﬁ%é@%@'ﬁ?ﬂ}%ﬁ%ﬁ ‘gﬁfpeg){gelsuéﬁ e %@gﬁﬁ%, GrRFEY iy

vaTlQus CoRRPRIR RIPTeRBH eRethiseiiaBls torth Seentyavingeskitbla thvelium” is used

here@P eI hWArRdidsh aRtS | 5 di
¢ ugefiwg arts @gqyméeéfg{&ﬂ{gey&ﬁcﬁ%@?t%@g{l%ﬁg%ppy

%ncl%lde, but aéae% ot limjted to: magnetic media such as™hard

ISHRIOR T FREGH ISR TSR ESRa FATEds drerrhedciermo Wkeaneria and code
mafdlegrapfipadttigassimegneto-optinglaediasyshnsdenptcalfiskssc gty
e B L e S s i gevare

Store and execute program code, such asa

- artgirEgreplasiieyptogreadalate dogivadieldces: are not limited to: magnetic media

such as hard disks, floppy disks, and magnetic tape; optical media such as CD-ROMs and
holographic devices; magneto-optical media such as floptical disks; carrier waves signals;
and hardware devices that are specially configured to store and execute program code, such
as application-specific integrated ‘circuits (“ASICs”), programmable logic devices
(“PLDs”), read only memories (“ROMSs”), random access memories (“RAMSs"), erasable
programmable read only memories (“EPROMs”), and electrically erasable programmable
read only memories (“EEPROMSs”). Examples of computer-executable code include

machine code, such as produced by a compiler, and files containing higher-level code that
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30 ("PLDs"), read only memories ("ROMs"), random access memories

("RAMS"), erasable programmable read only memories ("EPROMSs"), and

electrically erasable programmable read only memories ("EEPROMS").
wBxamplaswef computer-executable code include machine cedeysoah/@s1ss

produced by a compiler, and files containing higher-level code that 29 WO

are SOOI G RE0040 10480, A0 EXCQUIRHDY. A SORNIEL USiRQ 2
interpreter. For example,”an em Iment of the ‘invention may be

inveimiplemanbednusingelzvd neind ] ave.diher objeeworidenieerisroghammmgning
lanéﬂ%%%%%gﬁ%ﬁlﬁqgm “A%&léﬁgiﬁ%%s%%ﬂ{ﬁﬁ@ executable code include

computer-executable code include encrypted code and compressed
encrpiRsl B o004 MBRESTRE cafcembodiment of the invention may be

[00giWNIRaded as & CAMRHEBENPERURS T RHaMbHGh Y IR the RIegram ayier

transferred from a remote _comprqt%r %e% a %Seée_\}/er) to a r,ceqﬂuestingé ;
ProgiBRErte. BREARE R By Ay S AA S HAT RO HES oA dat e o8- @
serwig\e Oraihetprepagatienanediviierinty camnfuhisatpririniedjgdan a carrier

modem or network conpection). Accordin Ised herei I
R S A
conepebodiméntanfithesirararidrhaneip e impieivieated e Hagainder ¢iroTrmyio
readlBk&nkiuf in combination with, machine-executable software

instructions. EXAMPLE 1s ---[0095} The methods described herein |
AnefrisehABTE et EFRRARHRIYS TRAICTIHbIRARLNY it sugwiry in place
of, 6irthesisvinak examplaatherneihodatdesecfitert heseiotzan, be

implemented to identify effects of sulfonylurea drugs on liver metabolism.

Sulfonylureas can bind to sulfo I ptors ("SURS') associated with
ATP-sensitive potassium chann channnels") in plasma

{00AfEmbrEresatididedesalibeiveripiasrhaigiplcosaied/ s 2o hafodregicthadsan .

potgﬂﬁi{tgyfﬂﬁﬁeg cﬁﬁok%AfBr%ﬁﬂﬁé?tﬁé%%ﬁﬁs thus peningithediver cells

) perpolarized and limiting the entry of Ca+{ intg the liver cells. When a
impheapreen el cHrekned HfcoXETER ETHRs o8 L PRI tptakdoBy e
carliveidoRlls Bakpesarirpreased ey ustianeiintacetiviaeATRs patictam

bind to.the KAT? channels and cause the KATP_ channels to close, When
R AT e ANEI b e Ca T R BB el e Bt oyt teve
is Ihwe sivelr celisiogussng tiohEnnekhimtble plaspan. thenkscamestto bpurdiad

hy;%%%ﬁﬁ?i%@@ ARGRI AL 6laRSE QE LT ﬂ%ﬂ%@?%ﬁ&@r@ﬁlemqrr&iﬁ@%@rgﬁnwd;

initiates migration and .release of endosomal vesicles that contain
plapmaliiuenss lasrirssand pbumer i riba Sudhntt Eirelionesmisieeted
pro@tbRYfahtnctaRsng IMsulivhielanse M RERirAcs il paiheaye iae K
e e EE RS O SR PO Bl e Y RS cation
of the liver cells canses Ca'™ channels in the plasma membranes to open and triggers the

intracellular release of Ca™ from internal stores. The release of Ca'" initiates migration and

release of endosomal vesicles that contain insulin, and, as a result, insulin is released into

circulation. This is one pathway for increasing insulin release. An extracellular pathway
for regulating the Katp channels is through SURs. Binding of sulfonylureas to the SURs
causes the X 7p channels to close, WﬁiCh depolarizes the liver cells, allows Ca'™ 1o enter the
Liver cells, and leads to insulin release.

[0096]  Biological processes controlling dynamics and changes associated with cirrhosis

are identified and are defined using a computer model of a biological system of interest.
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30 causes the ICATP channels to close, which depolarizes the liver cells,
allows Ca’-" to enter the liver cells, and leads to insulin release. [00961
Biological processes controlling dynamics and changes associated with
VeG4 e identified and are defined using a computer mBeEEEH4+/018485
biological system of interest. 30 WO 2001/114195 PCT/US200/018485
BiBiglpgicaheonstitt entidrdheGastada:ofavasderdingeaiothaadventofiso
.dciggo isggeeﬁgpligentiﬁe and aret definf(li using the computer model.
! TB g/‘iﬁalnheIcomﬁlu?erursﬁlcl) elis CRREGteE s identify one or more biological
[0p®BLesSbs thaipere matichlsfox inthibsiSd suidfy ascomenanaiood piclogisakses that
xPIPFESSES MR AL, 3ul0 06 8. 5350 SLATNOSR G SomPUler Moficl
can represent a particular pathway t?\at, under “appropriate control,
cape i Hpi the e aupEEh P i reral ames e Heipulo aabsviy thet|ivsler
apbrpeiion atdne computen el cam IR that His RathMay: M OMR Tiver.

activated by the presence of an exogaenous drug such as a. sultonylurea
Exfiig oneduie sATaviproddetict shorpie’t drinitibiva Siiq vrctdbsihyy the
préleaiapcepativvayudlaus: eading deuitensymptan Qidf ithatylvprodByion of

: luating.out f th t del, thi th be identified

b BB e 1o AR TR S o e iram "
“fmyyékwgénbusydln@gldemﬁyim@tﬁhiwpmwhﬁﬂhwhpaﬂmydﬁﬁﬁnﬁﬁed
as @Hﬁ&fft—:‘é@ﬂvaw ﬂﬁ?qg g a?&cufl%}%/ &Q{ﬁftlvc'g Y %?o‘i%a@ﬁﬂﬂ%%pﬁﬁh&?ﬁ QSP éggé%?llous

assays that can be used to predict the occurrence of or progression
Ay a Rt fmne e w v 5 jDo9B)T AeS MsadB dhen eSSt tieduction of
“memputessrdab thenariicabpatBivryRACBilegital sonsHtHe Rt $dtivinge

dynamics down the critical pathway can be identified. A virtual profile of
O BTEBIS QLS PO APRAR R G SRS d Y #fantifying signaling structures
[0t corftnat, Hiredynaouiga il Rearitoalpathvday, drccphiygiptogicgland biological

oPodilicatenshat eelizdn &Q\%ncﬁ%%%?%ﬁé’%g‘é{%@%‘ﬁz”c‘% 3 e-%gie%!?a%ﬁ?g'arf profile
expression o tokines, expression of receptors, proauction or lipias,

ofingiedozed pareritdition bpaemarsiaidivtypras binsterastlina dttheiresitabfiprirol
trlades i te eRsGage 0l fve RS akeacide: AR EGSIate CaR:RENS in the critical

identified. 10099] A set of whole cell biological assays can be designed
PHYMAEHRATIRY (R k&Y IR g ORI R IR primERF esiPR plesTrPire:
pridicabpatihiyily,and hovethpse callitpeprbehavelipiysiologicatiy witieieir

.nor{nal Q(%éneoatatic cogtro}, Giv le%‘fh EQWEO‘?IQHC g&atus 5. ua, 4Set
SgFhdie’callbiofogital assays can be designed to identity outplits when
[0ioxidityctakesioler¢s. biologerd roshystion b lipiignad diodthe finhihokepf
pﬂ%idoE?@Jr:xgﬂﬂrﬁ'{é‘%P}éﬁﬁ%ﬁ’&%é‘ﬁ@yﬁ’é?ﬂy&féo&iﬁéﬁ%ﬁt% ARIASQ HERAS types

triglycerides. This set of biological assays can bé run under particular
beharsrhrianssAL tardsTnare i hpmrgostatic control. Given such homeostatic status

quo, a set of whole cell biological assays can be designed to identify outputs when

lipotoxicity takes over (e.g., overproduction of lipids and/or the inhibition of lipid
metabolism) by monitoring production of free fatty acids or hepatic triglycerides. This set
of biological assays can be run under particular culture conditions to simulate in vivo
condition of the liver (e.g., in the presence of particular growth or control molecules).
These culture conditions can be defined by control networks as represented in the computer
model.

[00100] Given a family of potential biological processes active in the toxic state being

studied, the set of biological assays can be designed to measure and observe modifications
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intIRIARENHE [RdeXHEPrasqRiH AdSlAt %@%@ﬁ%ﬁﬁéﬂ?ﬁﬂf

condition of the liver (e.g., in the presence of particular growth or control
molecules). 30 These culture conditions can be defined by control
networks as represented in the computer model. [00100] Given a family
vob petentiabbiological processes active in the toxic state beipgraiugieshisigs
the set of biological assays can be designed to measure and observe
in Jlodfications, 34,00, 2004/1 14105 RGTLJS2004/030488, n.one ormpre,
%lologlca processes’in VItro_ The' Set oqfebiologlca assays caninclude, for
ex@Rpim bl titslalgiesiva seaynairarael phrsioklEplysiotoyykieegroduction, receptor

exARlgneRrodyclion), [SERRIAL. BXRIESSIOR. AN SPLort). R QIS on of

expression (e.g., expression and modificafion of celiular proteins related

celylth areifiRarpatpivaye Rl Ge REfHEC B BRESSTBATS §Xrasssiesidh sFpression of
geanenlataddethe.clical Rathway) smelexampleswhen sesigningsset

of biological assays to test for effects of sulfonylurea drugs, the set of
BSHBIEYIEH RESATSESN ﬁwfﬂﬂy&nm&a&%%ﬂ%@n&%a&%&mawﬂﬁe
maealcumafiuxf asithendescmadvieside deledbe:, lfil s determlinettibaticase. If it
. nomic changes are also associated with the effects of sulfopylurea
R A T e SRR P e
dr@aasthexetsiticksyivalessayssds idemifieticdne sulfonylurea drugs can
obRiestskinitbesekafhiggical Assaysdailagice aasayR.canH8 L 88

the sulfonylurea drugs in a dose-dependent mariner to éstablish toxic

tesierbie fBgerd Aibiceater Iresav e dtislo8ical aFevaehe maee Basdfrarlire drugs
in pAideraafDitiagicaltesparaasohselyadsiithelselal hinlgigal rEsayS.a

drugs that are potentially toxic and.the.dases at which toxicities become
S ek b e
bipbfgats o ayan dasy o xafetyndbBvtherampdithe dovesinstandesyacities become

, 1¢ nd
and a toxic dose of a therapy. In particular, a therapeutic index can b

ofiseéRhitietirdSaaritiol® Fam T ARIEuS HRSSEaHEP AN IoReT ardieiapsiin

beldio, of 3 callicacions Aase:dnd @evL.dasels SAMRHBESCXPreSpediRSndex
a. "fold difference.”.For 20 example, to meet regulatory(%%n ards, an

CABPE RIS HBLE T8 QAT TOCHIA SORet S A et T 60 3 e tREHP of a0

ef@daxio dose. Adatio:ot dosefficacietisdospranctddoxitidoskitamcalddbe
XpLresse ' i ogari i . For.example; a "3 1o

o A O U8, R SRR S0 o [B o

leaAO0FRkss!ovee thrran tartnxdestiodamsfong amerEipyciTypsiestipndn toxic dose-can
asfficasionsdase ohiarthetany is Wesived framR dpse-2aERPP RS Se WY Rration”

and is expressed in terms of a quantity labeled as EDSO, ED50 can .
cRHERHTHH TS P H5RE MHHA SO HeCEn g ATl s oy g than a toxic

debseiednegy.aTnean ariardh bidodspiessifie tlepreasealafidlofdrlatiee

o : )
rets?)ozn(s)e/%gr%%rgr?cf %f&%?eglsl!amgr%&%g g% a quantity labeled as ED50. ED50 can

cotrespond to a dose at which 50 percent of a therapeutic effect is observed (e.g., 2 mean

arterial blood pressure decrease of 10% relative to 20% decrease for a full therapeutic
effect) or at which 50 percent of patients respond to a therapy. Typically, a toxic dose of a
therapy is derived based on a particular toxic state and a particular therapeutic endpoint
involved and is expressed in terms of a quantity labeled as TD50. TD50 can correspond to
a dose at which 50 percent of patients exhibit a toxic state (e.g., 50 percent of patients
having a white blood cell count depleted below a particular threshold value). When a toxic

state is associated with death, a toxic dose can be expressed in terms of a quantity labeled as

32
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effect) or at which 50 percent of patients respond to a therapy. Typically, a
toxic dose of a therapy is derived based on a particular toxic state and a
vggrzt(i)cyllar therapeutic endpoint 30 involved and is expressed irJ terms ofa
4Nt tbeled as TDSO. TD50 can correspond to a dose BEWHRAIH018485
percent of patients exhibit a toxic state (e.g., 50 percent of patients
LDhavinga:pbite bivadigetiocamnéideptetedirlan aopadicuianthogsialet of
value). When a toxic state is associated with death, a toxic dose can be
PaEd€sed in terms of a quantity labeled as 32 WO 2004/114195
[00P@T/US2064/04 8486t 4rDliduiexappteinf hi)isdidbe, mhichoaqnebgends
(:k)c:tlcl)rr"lil T gsﬁe@l%wrvlgcllcgr }Qf&? r%?(p {notfmé’%ﬁ'gélﬁ gt'f?)nll%?xéﬁe%l HEICa ¢ ho?&t%%%f ?‘etﬁ%me
applications, patents, pu% ications, an other publis ed. document
in itaentihe todheeforreerionirtshiscapieificdadon elsaiaippiedipo raieatppblication,
and SIRELHGR BB HS-BRIBEN 10 1RE Same Sxdentarill. AR ndividualAateforated
application, patent, publication, and other published document was
by §?§§E§i‘ﬂf€ally and individually indicated to be incorporated by reference.

[odmgwlait)gamaﬂmthm@b@@@ﬁﬁ@sﬁﬁmzamﬁh%@i@mﬁ@@e&ﬁed _

CITIC € 0] ents reof Jt sho understoo, those skilled In
e R AT N ST R G
ch@gastit_mjzéeb mﬁb@ abd egaiﬂhh@lfgomsthe mws:t_ispatﬂt wi:tﬂcmdpgariﬁ_tg érom the true
Sp'l'ri]tva%ratls Qg%%ﬁé%ge%égifcﬁﬂgd HQ@Q&J“%‘X&HRS‘&'&%' Bodifl¥ations

€ made 10 apt a partlcu a'r S|tuat|on, m.aterlal“, composnlon of"matter,
maybetierile Broderisaaserah Bliehetaisis Yo apaRrsiHicar sedse oril,
prdBeien«A sushermedificatindsraiedntangpddede mithinescaps of

the claims. In particular, while the 15 methgds disclosed herein_have been
mQfLleaiony Wﬂ%@?@ﬁe@wﬁ&mé‘aﬁéf%ee?gﬁzﬁ%‘aa%%fo%%&lﬁv%rpgﬁ%%
methidéy dibsiolddeheiritersiaostthatcthebedopihat sy bertzoimbupeckions

-pefx%gﬁ‘%i h{g ?tlg:iaa(%ic@lﬁ?rg %‘%%t%{%”é‘ @J‘%%%%g(?lt b%% Meingg.without departing

rom Ings of thé invention. Accordingly, unless speci il(%}iaﬂy
coinblicatetithdreitrdher ordederasdigfoupinycativmap aretiod sishaut departing from

ndiRLaHan of theiinertian A&é@lﬁé@%&é@él %aﬁ&%&%&%ﬁ@%, the order
PCT/US2604/018485 What is claimed is: 1. A method. to identify a
and grappisetekibryRF Attt AP BiGHEgRaf QrieYRIH8- method using a

computer model that represents a plurality of biological processes of the
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5 biological system, the method comprising: executing the computer

model to identify a first set of biological processes contributing to bheYD WISE

occurrence of a toxic state of the biological system; identifying a set of
viiclagicahassays based on the first set of biological processes; i testings.ss
the therapy in the set ofbiological assays to identify a second set of to

Wlblolo ical processes modified. by the therapy; and identifying the potential

VRS BFHE therapy based on the second set of biological processes. 2.
The method of claim 1, Whereln identifying the potentlal toxicity of the

1. therﬁ%@tﬁé&' @0 ?@ﬁ ”Hgl EQ;%&E%?%%&Q@?& mgﬁ%sg'ts ant%e

the second set o processes 3. T aim 1, wherein

meth@dmm@@nwsﬂermmua@@mew@aﬁ plzmmfmf@wiem@d Tobesteden & the
bioMBRe NG Orgam R dNa 1@1 liver. 5. A method to identify a potential
toxicity of a therapy in a bio cal system, the method using a computer
mod&FEHER FpFeSEmiRy S rdéf%tﬂ?’ ABBNE B! 5 CE BRI FEPARBEETSH toxic
colgtaiaiab tbeﬁél@@@@%@/smqﬁe@mpuiebmag@abey@elﬁonflg ured to
evalyate ]ian 25 ef ct.of ea.chlblolgg rocenss f the %ﬂ ] .
biol SGTRANSE S sses oﬁlt(f%cfio%ls'ésa e PIREHES SD NS gﬁﬁé%%?fﬁa&
the cotiyputertmodsl to ﬁlﬂ@mtfgrfénbﬁsgset ohiyslogitaltgiocessed setach
blo%g leﬁﬁcggg&e&%&fﬁ%e {i;h t%&%?]%?glcal processes being modified
e

during occunence of oxic state; 30 identifying a set of biological
assa@@tmﬂtw@%%@m%ﬁé%ﬂm@g&wdmI@gwpaégawf bithgical
prd&@iatad to at least one biological process of the first set of biological
processes; 34 LLOYD WISE WO 2004/114195 PCT/US2004/010485
testing the therapy in at least one biological assay from the set of

2. biolGGicalctissays$ driide nﬁ@e&ﬁﬁdemﬁfsﬁg@ﬁmmgﬁmltmﬂﬁms dachpy

' ncl?u%d%%g%a}ll) %ﬁgﬁ @IO oglcaer gg.l % sgoglcacl B{OCESS gﬁgologlcal

set of ; comparing the First set
pProsigstsgical. processes and the second set of biological s processes to
produce a degree of correspondence; and predicting the potential toxicity

of the therapy based on the degree of correspondence.
3. The method of claim 1, wherein the biological system includes an organ.

4, The method of claim 3, wherein the organ is a mammalian liver.

5. A method to identify a potential toxicity of a therapy in a biological system, the
method using a computer model that represents a plurality of biological processes related to
a toxic state of the biological system, the computer model being configured to evaluate an
effect of each biological process of the plurality of biological processes on the toxic state,
the method comprising:

executing the computer model to identify a first set of biological processes, each
biological process of the first set of biological processes being modified during the
occurrence of the toxic state,

identifying a set of biological assays, at least one biological assay of the set of

biological assays being related to at least one biological process of the first set of biological

processes;

(R
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6.. The method of claim 5, wherein the set of biological assays includes a
cell-based io assay. 7. A method to identify a potential toxicity of.&dyD WISE
therapy in a biological system, the method comprising: executing a
WbHibYtEr fodel of the biological system to identify a first sty Uig004/018483
biological processes related to a toxic state of the biological system;
identifyingiR arl-0fPiplegical assaxsidasedsenythedinskset of hinkagiepssays to
_ processes; testing the therapy in the set o(ﬂbiological assays to identifya
idergify ghareaitcb bl CHMAPS bR Tn A P B S BISFBIGIb ik oo set of
bioBRERAY pravRckeOPeparingditeditstisetalbisiigitedpreagsses and the
second set of biolagical 20.processes to identify the.potential toxicity, of, ~ .
e PR e ot GO RNt e e el ologia!
proceprasents dhesfir segeteaf! Biologicalgprscesses using at least one

matemalicaleiRlon 4RI REtd-al il £ WiaiBREoMParing

the first set'd logical procesSses and thé second set of biological
prosessedeisciudes producing a degree of correspondence of the first set
of biological processes and the second set of biological processes. M A

method to identify a potential toxicity of a therapy.in a biglogical system,
5. the 55 AP IR o0 ORTBERLE et HEC/EHLESHE IRIRal bated

assiyological processes of the biological system, the method comprising:
identifying a set of biological processes related to a toxic state of the
biological system, the set of biological processes being identified by

7. exedutinthtdscolmpifies pateisial 35cTity DN hasOy2064/ Tl og system, the

mehGd églﬁgggf.} 018485 generating a virtual profile of a set of biological
constituents, the set of biological constituents being associated with the

set 6FeRBIBGieApRBBIEssaIsHehTR Mo kst ssFEmIRtsiy s HEEeH on
bidlagisRtebialagisal epRsiitbentsittasting shedfierapysianthe set of

biological assays to generate_an experimental profile the set.of ]
s G e St R R
constittientheathetipy iexhesthentallpgofileshitye sateofificlogicad set of
bicIORRATUENIS. lo.Rraduee 8 dpgtee ot icpiraspandence;,and predicting the
toXICity 0 tﬁe tﬁerapy ased. on the degree of correspondence. t0
comparing the first set of biological processes and the second set of biological

processes to identify the potential toxicity of the therapy.

8. The method of claim 7, wherein the computer mode] represents the first set of

biological processes using at least one mathematical relation.

9. The method of claim 7, wherein comparing the first set of biological processes and
the second set of biological processes includes producing a degree of correspondence of the

first set of biological process‘es and the second set of biological processes.

10. A method to identify a potential toxicity of a therapy in a biological systen, the
method using a computer model that represents a plurality of biological processes of the
biological system, the method comprising:

identifying a set of biological processes related to a toxic state of the biological

system, the set of biological processes being identified by executing the computer model;

L2
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1.1. The method of claim 10, wherein the therapy includes at least one
drug. 12. A method to identify a potential toxicity of a drug in a biolagieal WiSE
system, the method comprising: is receiving a computer model-based
widentifinaten of at least one critical biological process, the atlgasioonessss
critical biological process contributing to the occurrence of a toxic state of
the biological system: identifyin t of biolpgical.assays, associated wit
the GG B TR o e R A RS e
consiglsyichktrssepe dntideviiyte tebet Unlobioibgicatsgrocess modified in the
set gfhiglogicalassayvsiaacidenybingtha.rataniiakiasisieathediuds;

based on'the at least one biological process modified in the set of
biol&iiee Hsdhgrarysm he scshidihislpeirrl eptmpdpoatarni e aaeypraidrrgfile
of iReaddigtegicalisystemthemethod comprising: receiving a computer

model-based identification of a _vjrtual profile of a set of biological
conSHTGRHIEE the VAR "feogﬁ’t%éegg‘{%‘l:m%ﬁﬁi8811%3%‘??&%%@%6ng

expaoaiaiathofith & thxieistatacts thelbiologicaltsystermdde identfyinn a set

o ogsbg%lg iggl assays associated with the set of biological constituents;
]ires?lng e drug in the set of biological assays to generate an experimental
profitecdittihe thetiofibiolofibalteenslifersadsyming 6zkck ONDIWIBEIWE
2001/t14195 PCT/US2004/018485 identifying the potential toxicity of the
drug based on comparing the virtual profile, of the set of biological

H condtittiBirsoshef thénekPerhrertdhprbararin det 8t sisiogrars:

constituents. 5 14. A method to predict the occurrence of a. toxic state, the
12methonlebadptisigtikeceditigid compytetadadel soabribidentfisatiorheheethod
Cogrtus?r‘l)%groﬁle of a set of biological constituents, the virtual profile of the
Selo iological constituents being associated with the toxic state;
identifyangng sevofiviotogickl-hesulidenitvsintadhatHate gstwoitioh loglealcal
proQ SRS U, APRIRI Eﬁlﬁo?%a%%@@g I ABSANS 19 ARRUERELC: of a toxic
enerate an experimental profile
state of the biological system;
identifying a set of biological assays associated with the at least one critical
biological process;
testing the drug in the set of biological assays to identify at least one biological
process modified in the set of biological assays; and

identifying the potential toxicity of the drug based on the at least one biological

process modified in the set of biological assays.

13. A method to identify a potential toxicity of a drug in a biological system, the method
comprising:

receiving a computer model-based identification of a virtual profile of a set of
biological constituents, the virtual profile of the set of biological constituents being
associated with a toxic state of the biological system;

identifying a set of biological assays associated with the set of biological
constituents;

testing the drug in the set of biological assays to generate an experimental profile of

the set of biological constituents; and
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of the set of biological constituents; and. predicting the occurrence of tlhe D WISE
%%&’tﬁﬁjﬂ% the patient based on comparing the virtual profile of the-58¢ " ) ok
of biological constituents and the experimental profile of the sBF &fU§g004/018485
biological constituents. 15. The method of claim 14, wherein predicting the
occurrentéyofaiiectoximsthtexiticludelscpiadybingdaodegrgendis the virtual profile
o%@?&%ﬂ%fo?ﬁ&%@tﬁ&%%ﬂ@ %}}hgrﬁlvrgfll%{ Prr%f' 81’ itl?ee se?etf 5010 ical
biological constituents and the experinienta proh € of the s6t of Bio oglt%f
copiEBmdEtuents. 16. A method to identify a potential toxicity of an
environmental agent in a biological system, the method comprising:

executing a computer model to identify a first set of biological processes

191" contrpifAGaEmbebbanTertEaet o tkristate o fithebiotdgioainsisem;
identifyiena setehbialogicabassays dasesantherfirstaeh gl hielogical: or

_processes; testing the environmental agent in the set of the biological
A S HAAN  "LobENa 280 UF Siolog el (rockased feeimecniyeee

aspuiredmetitdiagent ;sang identifying the potential toxicity of the
envir tal agent based on the second set . $Q of biologi rocesses.
Lo B B A e AR R GG e

cotEReiEFtoxicity of the environmental agent includes comparing the first

set of, Qi ' 0logi ocesse: ofi
5. D D AL R ot
© b iRlpRLed Are i MRS DS biological processes of a biological

systepnsdiotiggtend @lineanétbahs isrid isaih eV it 3h st YIS SRIESEMING: the

a modification to at least.one biological process of the plurality of
R B e R T S A SRy o g e st of

bistaricef thestivkogical system; and code to execute the computer model .
based on the virtual stimulus to generate a virtual profile associated with
the plurality of biological processes. 19. The computer-readable medium

1of clairfersetiré rdinaive Hoadesafdittingiboomputerambie indudes

ieodrd9,dafiom ihedpiality-ofbipladicAlPEacesSE S dising A RULAINM It ofile of the
mﬁé‘?}iﬁ'ﬁm'c | relations. 20. The computer-readable medium of claim'19,

S R B LR A R SRS GTRBE SRR RS e Ebekebis i the

centiiabstimulus as a parametric change in at least one

16. A method to identify a potential toxicity of an environmental agent in a biological
system, the method comprising:

executing a computer model to identify a first set of biological processes
contributing to the occurrence of a toxic state of the biological system;

1dentifying a set of biological assays based on the first set of biological processes;

testing the environmental agent in the set of the biological assays to identify a

- second set of biological processes modified by the environmental agent; and

1dentifying the potential toxicity of the environmental agent based on the second set

of biological processes.

2
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20 mathematical relation of the plurality of mathematical relations. 21. The
computer-readable medium of claim 18, further comprising: code to

compare the virtual profile associated with the plurality of biological

processes and an experimental profile associated with the plurality of LLOYD WISE
biological processes 25 to produce a degree of correspondence. 33

17. The method of claim 16, wherein identifying the potential toxicity of the
environmental agent includes comparing the first set of biological processes and the second

set of biological processes.

18. A computer-readable medium, comprising:

code to define a computer model that represents a plurality of biological processes of
a biological system; ’

code to define a virtual stimulus, the virtual stimulus representing a modification to
at least one biological process of the plurality of biological processes, the modification
being associated with a toxic state of the biological system; and

code to execute the computer model based on the virtual stimulus to generate a

virtual profile associated with the plurality of biological processes.

19. The computer-readable medium of claim 18, wherein the code to define the
computer model includes code to define the plurality of biological processes using a

plurality of mathematical relations.

20. The computer-readable medium of claim 19, wherein the code to define the virtual
stimulus includes code to define the virtual stimulus as a parametric change in at least one

mathematical relation of the plurality of mathematical relations.

21, The computer-readable medium of claim 18, further comprising:
code to compare the virtual profile associated with the plurality of biological
processes and an experimental profile associated with the plurality of biological processes

to produce a degree of correspondence.
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