METHODS AND MODELS FOR CHOLESTERCL METABOLI SM |. | NTRODUCTI ON A.
Cross-Reference to Related Application This application clains the benefit
of U S. Rwowbeietmsh Application No. 60/637,106, filed Decerdsesosbsss22004. B.
Field The present disclosure relates to mathematical and conputer nodels of
chol esterol netabolism C. Background Modeling of chol esterol netabolism
has focused on two nethods to quantify the dynam cs of the particle and

i pid nol ecul e domai ns. One of the nethods nodels the lipoprotein particle
dormai n, enpl oyi ng apoB-100 particle tracer studies to define the synthesis,
turnover, and catabolismof VLDL, IDL, and LDL particle classes (Prinsen et

al . 3. Lipl EIHOBS AR MODEISFORTHOEESTEROL METABOLISYE . 85:

1490- 1501, 1 Lipid Res. 41:305-8, 2000). The ot her
met hod nodels the |ipid nol ecul e domai n, enploying | abel ed chol esteryl

ester and triglyceride nolecules to determne lipid flow between the tissue
and vascul arL.cANTRODEAGHONSchwartz et al., J. Lipid Res., 45: 1594-1607
2004; Grundy and Ahrens,_J.. Lipi es.,, 10: 91-107, 1969). Because these
model s i nvesti gat® 8??‘88#?’5?'??%882??%?@IAfP?iﬁ%'i“f'her accurately captures the

i nteracti on bet weps bfiftidati® BlaRh£ihb bedtit o€ UeS Provibibfal Mjieati@sNovascul ar
conpartnent, hepatic, and peripheral tissues. Provided herein are

predictive ¢ it, EQ6, fibeddPecentber Hol288f-er ol transport that integrate publicly
avai |l abl e data onBI@QqBrotein particle conposition and nunber for VLDL,

| DL, LDL, and HDL bar?lcles, | i poprotein and tissue-associ ated enzyne and
receptor activityThepdsdnegidtlosurt irglaps oi mathepatidal ahecaymitranodeld of gener at e
virtual profiles of blood cholesterol in an animal. The nodels are fully
responsi ve t@olstsrelmpetabisBhar nacol ogi cal perturbations that affect

chol est,gr ol synthegﬁﬁwﬂgg"ﬂ%?retion as well as enzymatic activity and
ti ssue receptor expressron.D. Sunmary of the Invention One aspect of the

i nventi on provi deSlodelitgefshblestertd vsitaholisig has &emprd @y two methods to quantify
the dynamics of the particle and lipid molecule domains. One of the methods models
the lipoprotein particle domain, employing apoB-100 particle tracer studies to define
the synthesis, turnover, and catabolism of VLDL, IDL, and LDL particle classes

15 (Prinsen et al., J. Lipid Res., 44:1341-48, 2003; Demant et al., J. Clin. Invest., 88:
1490-1501, 1991; Packard et al., J. Lipid Res. 41:305-8, 2000). The other method
mbdels the lipid molecule domain, employing labeled cholesteryl ester and
triglyceride molecules to determine lipid flow between the tissue and vascular
compartments (Schwartz et al., J. Lipid Res., 45: 1594-1607, 2004; Grundy and

20 Abhrens, J. Lipid Res., 10: 91-107, 1969). Because these models investigate each
domain separately, neither accurately captures the interaction between the lipoprotein
particles, lipid molecules, vascular compartment, hepatic, and peripheral tissues.

Provided herein are predictive computer models of cholesterol transport that
integrate publicly available data on lipoprotein particle composition and number for

25 VLDL, IDL, LDL, and HDL particles, lipoprotein and tissue-associated enzyme and
receptor activity, and hepatic lipoprotein particle synthesis to generate virtual proﬁles'
of blood cholesterol in an animal. The models are fully responsive to dietary and
pharmacological perturbations that affect cholesterol synthesis and excretion as well

as enzymatic activity and tissue receptor expression.



nodel of cholesterol netabolismin an aninal, said nethod conprising

I dentifying one or nore biological processes associated with |ipoprotein
parti cl eswoi2@nissdsyi ng one or nore biol ogi cal processespasasesdiogss2o t h
lipid flux; mathematically representing each biol ogical process to generate
one or nore representations of a biological process associated with

| i poprotein particles and one or nore representations of a biol ogical

process associ-at ith |ipi fkéj)X' and conbi ning the representations of
bi ol ogi cal pr oceglg' ybm?'ﬂ?rr%poaﬂ% X898 pdel of the chol esterol netabolism
A bi ol ogi cal processapeasTeed iatadionipréviliésahethbdsbor develdpings samputered wi t h,
inter alia, lipid flux fromliver tissue to a_lipoprotein, parti l'ipid

cl.e,
flux from a Mpeedof shelpsterphmetabplism in qn apamaly sad ethqd; omprising,JdentigEng ne
| i poprotein parti ' 0t Qi [ G L iddAeiRANE
di fferent cl(ggsotrglg&ggkg é@??ﬁeﬁe%?%%@(&? Pg%ﬂgioﬁ)lk(%hlgl}}aaﬁ lc?éi})’slsdﬁelt or%raone
| i poprotei n gandredlidogiosl proqeissts fabsoxiafedomittalipid foyas oatiemapieallyi representing
peri pheral tissue. In certain inplenmentations of the in er%tilonb t he
mat hemat i cal € ég}oé%?ﬁlmca?ﬁ t9rECRCTRICAMS §F BQrC ’E?Pbeésf&é“%{‘ﬁsoﬁéi 118 th 1 pid
Flux i ncl udesiogesy aésodiated Wiﬁpﬁﬁﬁﬁ&éﬂngﬂl&és%d%@b?ﬁfo% RJpreshtddns of a

triglyceride, a cholesterol ester (CE) per particle class and/or subcl ass,
a trigl ycer itlelogird) prooess @ssociated vl tipid (fx¢ argsepnatrining thesigprepeptationg ofepat i ¢
enzyme, a per.ipheral enz a hepatic r r ' r receptor, or
a t her apeut ielz,‘og’ébcﬁ?pmﬂesﬁ?(gfd ¢4 ng)pﬁl&eorcné%(%ggpgggs%%@%tg Ig)cﬁjh%l %ﬁﬁ%r}l'popr ot ei n
particlsgs can be A& pulotiogipeadessts aswshtadssitlclipiddthxwiah be aysotiagdiveith, inter
reclassificatjion or catabolismof I|i Boprot_ei n part.icl ﬁs. One Qr nore

bi ol ogi cal p#iésbipisluxchpmiiventissye foue BRORIPEH PArRp BN flHX from 3 EPePTest et i on
forma hepatj.c.. i | IR Liatd ek ibBErotdwyent i on,
t he mat hemat agté 9%%?%2%%%%@@&%%{1g»lﬁgﬁgcéxlirca} %rocess asscgclﬁ)aﬁrgdlvmth

| i popr ot ei n patitle of e samelov diferent whass aldubclasy tipsleihix igmpedplesal tishue to a

| i poprotein particles,.a subclass of |ipoprotein rticles nunbey of
| i popr ot ein lbg}pgqtgqnézg,rtmiﬁ oéSBﬂa}EIBbEWPé’i 1&"’55%38?Pft{éﬁentO&fpegpp?rglotbﬁﬁ8?'e ™

particleg, a chalEsiREniéntAidnRlof (HeEhv&RiBh ARt ndthematicAaBpreiedtdtionarti cl e, a
triglyceride (TG content of a lipoprotein particle, a free chol esterol

(FC) cont entbiofogical proeess asseciatedawith ipid flux inelpdasiacvasiablerepresenting tatalc
receptor, or ,a,thera I ent. l.n Lo | . met hod of
devel opi ng ac}}%ﬁ ‘?Ir()lo&)?%&%glé'g%ed%b? cholgs%rgﬁésper (%B 3%5}1%13: Q8 antdn)?

subclass, a triglyceride (TG) content per particle class and/or subclass, a hepatic

enzyme, a peripheral enzyme, a hepatic receptor, a peripheral receptor, or a

20 therapeutic agent.

A biological processes associated with lipoprotein particles can be a biological

process associated with synthesis, reclassification or catabolism of lipoprotein .
particles. One or more biological processes can be associated with lipoprotein particle
secretion form a hepatic compartment. In a preferred implemeqtation of the

25 invention, the mathematical representation of a biological process associated with
lipoprotein particles includes a variable representing a class of lipoprotein particles, a
subclass of lipoprotein particles, a number of lipoprotein particles, an apolipoprotein
composition of a lipoprotein particle, a cholesteryl ester (CE) content of a lipoprotein
particle, a triglyceride (TG) content of a lipoprotein particle, a free cholesterol (FC)

30 content of a lipoprotein particle, a hepatic enzyme, a hepatic receptor, or a therapeutic

agent.



met abol i sm i ncl udes mat hematically representing a biol ogical processes
conprises formng a first mathematical relation anong vari abl es associ at ed
with a fiwetwdimebigi cal process fromone or nore of thepoiraisoisoais2o
processes associated with lipoprotein particles and/or lipid flux; and
formng a second mat hematical relation anong variabl es associated with the
first biological process and a second biol ogi cal process fromone or nore

of the bi ol ogi cal 151 06253ARIARAALLAL AL Hhbha br OGRS Dgeldrchsmsaat o

lipid flux. The ne er conprise creatl of paranetric
changes i n t hgethbdlRin iBlildesmbihembticatlyatpresentingl a bivdogieal pnaterss hemptisesal

rel ation; and producing a_simul ated, biological, attrihute base n at | east
one paranetr ifenewa@g&rstfrpbth?mhfécai E‘ﬁat_ﬁ’f“ %“%ﬁ@flf"i’lﬁs %Sﬁa‘ﬂ_@t@g w I{ih‘rf’egrgfnul ated
bi ol ogi cal at&&ﬂogf&%@rggésgﬁom&%dr@ok heBRAS5ithIGbcedkdsascid@Bgith one

bi ol ogical attri associated with a reference pattern of a first
chol est es ol rhigfopbutin pagiobadndor fipil flukh endrisrman: & secord mathematipdd relptien ude

converting a paraneter. into .a converted biological vari.ab e of
whi ch change %ﬂvaﬁéélfﬂf‘ﬁgflfnﬁ Wdﬁ‘ ti‘ﬁ(glfségfog?%gal REHE Ssefnéigal Jseg?rh&tgiﬁloéﬁ%a}rjml ,

t he paramet erphgdsf soassiRUrahétd oftHetbidlbgic@grbeeasts abdoonmddneith lipsgrotein

mat hematical relation and the second mat henmatical relation; and,. producing

a series of spammleﬁ@ﬂ/cﬁiliﬂi%@?éan%@ﬁhpéG%@@ﬁ&‘é‘ﬁnﬁ?ﬁetcﬁ@t@sﬁ?é‘r‘ifed _
bi ol ogi cal Vsﬂaléa ke cﬁ%&ewﬁ{ t;%xg%r&fmaﬁljle%gti%%lelﬁlgﬁgfl?Igﬁcgﬂl%%%?d%tdtrﬁétﬁ ?tgape' ng

substanti al | nsrste a correspondi ogi cal attribu
associ atied W fehutiony eidgrehringrasimatatedbiolgicahattritiute bhased eenf lesst ofie si nul at ed

bi ol ogi cal attributes representin second chol est er.ol . nmet.abol i c. st eady
state. Anot heRaraagiEe chyee i Hﬁ‘\ﬁég‘? | ROFATRTEG F%%(’Jli‘f:p%’?‘é‘}a-t‘?dg%@ﬁc@l nedi a

havi ng conput g, ﬁb’bﬁﬁﬁ&l%@i@én@mﬁ e N BhEBIdHIGH attHRARE agsEigtei ON
by a processor, cause e processor to sinulate cholesterol netabolismin

an ani mal , aneith ar¢feencevpastea of a fiest Chrdesterek metabolivotigady state) Thranpthpé gam -

mat hemati cal representati on of ane or nore.hiql ogi cal . Assaci at ed
with |ipoprot®F® efi‘%‘itl'é ;C%Ye‘ﬁggfﬁfmeéerﬁ@f) r?ecls?a}'?r%glﬁélg ?%:%?ﬁa g% o% of
one or mgre bjQhOsk widkh BRAGESstsh pesmeatioh oflchilésterbi intedstatis in amanimpl, the
defining a set of mathematical relationships between the repreﬁent ations of

bi ol ogi cal prrseBeiesbaing pwpeirigd Mothedt legst anedTam therfist %@‘5‘561‘?% et apd
PLSLS ' ;Sgc : ][rstilhﬁ ggcghg%a%métﬂgl JeEibh Ml S3Guditg b B&Hes CPIRRISEA BRESHEAN NG User
attributes based on the converted biological variable, the series of simulated biological
attributes being substantialiy consistent with a corresponding biological attribute
20 associated with a reference pattern of an animal, the series of simulated biological
attributes representing a second cholesterol metabolic steady state.

Another aspect of the invention provides computer-readable media having
computer-readable instructions stored thereon that, upon execution by a processor,
cause the processor to simulate cholesterol metabolism in an animal, and further

25 wherein the instructions comprise a) defining a mathematical representation of one or
more biological processes associated with lipoprotein particles; b) defining a
mathematical representation of one or more biological processes associated with lipid
flux; and c) defining a set of mathematical relationships between the representations
of biological processes to form a model of cholesterol metabolism. In a preferred

30 implementation, the instructions further comprise accepting user input specifying one

or more parameters or associated with one or more of the mathematical



or nore paraneters or associated with one or nore of the

mat hemat i cal representations. Alternatively, or in addition, the

i nstruct iwoo@aweisncl ude applying a virtual protocol topchasomdelssos

chol esterol netabolism Preferably, the virtual protocol represents a

t herapeutic regi men, a diagnostic procedure, passage of time, or an altered
diet. The instructions, opti onally, may conprise defining one or nore

t ual t t t h d f
Pl 5l RS RSl RIS M o o
execut i ng thertﬁalrpwban tm%odﬂésﬂdshdhﬁdar@lbﬁmebolﬁﬁﬁatEferablyeghelmlhaJlde i pid

and particle nam cs, rather than only pgrtl cle dyn m cs or O({,%%Eﬁ’l EI d
dynani cs, tH%FO RldERreEMtS HiBeTARGWI [eSMeRy & @&B%?&‘Icé’r%e WiSaBISFHE LRTUN P

therapy r es%ﬁt@%dadqg Ff?k Mo, %%aﬁ?lrﬁ’zﬂp&) nrisk Ia@ﬁinlng'o?ﬁ or logd erably,

the nethod inc es applying a vif prot ocol to the cOnputer nodel to
generate a settuajfpanmtqnuts representl ng a phenotype of a b| oI ogi cal system
The virtual prot nre reish i nter al (lia a H tc regi men, a
di agnostic proced ‘?témo LSRG 03 fhg inygntiogproyides; pgthogs {nuqlﬁgcertal n

i npl enent at | §Bfestekd) %&ﬁioh@xfn iRdh RinSal F RIT AEE6d SOﬁpﬂélﬁgéﬁd&dtlﬁg fe@omPuger
dislipidema. The nmethod of sinulating cholesterol netabolismcan also

conpri se accoepddl dgscribed abaysuBespise ttioyingudmiepid andppiclsabyammicsy wthsr thagr i abl e
associ ated w :Wh)agrﬁc e%xléarmcg o”?ﬁlgqfﬁ?iw#lés eqﬁg&tlsatgf tﬁ@ﬁw@ﬁﬁcﬂf ark QaﬁbfeCUt ing

t he conput er provi des a syst

conpri spng ajf Mmopelingahsdiic tmfapydeswnmmnmmrmmmgamse ba]raﬁd:emfahe bptsls stored
t hereon that, upon executi ang a processaqr, .cause .the processor
si nul at e cho?régef%%l)blt HBEHE IHHeS APRINGH Yepal PB‘?tO%Plft? COHQ’é‘Fert"eq'dH Ral, the

first user t éehg?aﬂ?a{ se?Ble&ﬂEhtg rr]%ﬁ?esreﬁﬁ ¥ Bhéhotypelof 'aweg@zﬂ%%tteﬁ‘l' MheQieuadr NOre

paraneters socl ated wt e mat Hemati cal Teprésentati ons defined
by the conpmretocolecadabpresmt;smteneha (arthqralaawdcc@glme&@c@mﬂlaa@epropeduﬁi,nal t he
second user term n?P operabl.e to fVI de. t.he set %@P tq, a, second

R

user. The cdifStReEP E’gd%fbarnealﬁeﬁegtqlgtc %?ﬁtgmplfr@fleé?%? b Ofo}‘tputs

mat hemgti cal deyreb GRS £aREIskM StaRRE gOdislipdamial qihememid Hsaaeatng clagstabht ed
with |ipoprotein particles; i |) mat hemati cal ly representing one or nore

bi ol ogi cal pretebeltsascanlsclomPse AFeERing psed ITIVG SLECHHMSIONE Pr §OFS PAGCEISSet  of
mat hemati cal o 1.glalik Q3P Vit SRS héke RREERRA AplelRartns Bidt RO1 cal

executing the computer model.
One aspect of the invention provides a system comprising a) a processor

20 including computer-readable instructions stored thereon that, upon execution by a
processor, cause the processor to simulate cholesterol metabolism in an animal; b) a
first user terminal, the first user terminal operable to receive a user input specifying
one or more parameters associated with one or more mathematical representations
defined by the computer readable instructions; and c) a second user terminal, the

25 second user terminal operable to provide the set of outputs to a second user. The
computer readable instructions preferably include i) mathematically representing one
or more biological processes associated with lipoprotein particles; ii) mathematically
representing one or more biological processes associated with lipid flux; and iii)
defining a set of mathematical relationships between the representations of biological

30 processes associated with lipoprotein particles and representations of biological



processes associated with lipoprotein particles and representations of

bi ol ogi cal processes associated |lipid flux; and iv) applying a virtual

prot ocol wo 2béwmesestt of mat hemati cal rel ati onshi ps to gemreratseood/ossho of
outputs. It will be appreciated by one of skill in the art that the

enbodi nents summari zed above may be used together in any suitable

conbi nation to generate additional enbodi nents not expressly recited above,

and that suc odi_nen . nsJ £k . . LESENt
i nvention. | 1o %%Sﬁﬁ%%%%%’ @fp’%ﬁﬁé}tﬂﬁ%\?%@h&&éﬁ Fﬁgg sart isan wil |
under st and tfhathefnbtcal kcluvidighips cegaktdieasdief owpuare for illustration

pur poses only. The draw ngs are not intepnded to Limt the.scope of the
present teaching HhWBkRe apRieC1atgddY 918 %rsg{h ‘Bége%ftfl}ab%ﬁ&{i{odﬁ‘é Tting an

exenpl ary enbadi xeay aBBv@mQ%é‘Q&dft?getlfge%%‘c{iﬁhﬁphﬁﬁb@ RIFHBh t6TREIRYatef

chol esterol netabolismin an ani mal- I'Billustrates an exenpl ary
met hod ef paaddititnahéembodiments nbbexpressky redtadaabave [and thap puckygrtiodigeriaaed on

total lipid content. FIG 1C.illustrates. a exenplary set of biol ogical
conponent s t%ﬂ{’élrﬁlefeﬂttglt:’EBﬁ@f)gg’iﬁﬂ?SSﬂtlfl?‘nenzlé’g'el opi ng a nodel of chol esterol

met abol i sm at honeostasis. FIG IDillustrates the behavior of a single

subcl ass of {1 IBR¥ER PESCRIPIIONOFTHE DRAVWINGS! enent ati on of the
invention. FIG 2 illustrates an exenpl ary enbodi t . of E '
, % y ment . of agﬁegvsége Bragr am

depi cting apoB- 1 e skaledmiisaay il wdsrstan il the Gaw s desride
|1 lustrates g eXeiRhAloeCHROATHE Bawih STRichIR RUATNAbpd dfthe modul es

. rﬁH
for the lipoprotein‘particle” domain and the |ipid molecule domain.
i 1l ustriat es presex eaphiagyn anypwaly.nent of a |ipoprotein particle nodul e

di agram for the -.100 rtigle | e depicted jn FI .3, articul ar,
FIG 4 illustrat QEPCEA]‘%Q‘Q%F%? 0 ﬁg%gflfﬁ’éﬁfl eﬁ‘ﬁmﬁiﬂﬂlg&ﬁlg‘ﬁpg?:ﬁ%epi cting
the synt hesi gethof FhakSblopmdld Qhpitd ntdiepbO¢hofdRtedd] nidtai%1itR0in ahlaimal 5A- 5C
illustrate exenplary enbodinments of nodul e diagrans for the VLDLI, VLDL2,

| DL, LDL-L and LDFIG Iailluptedtessancexgiplasyl method|afpaditioping pagiclgsite @icgeaingn
Effect: Di agr gm AeRlSd:0%adan o flpiddheenpar L1 ¢l € renodeling. FIG
15 FIG. 1C illustrates a exemplary set of biological components taken into
consideration in developing a model of cholesterol metabolism at homeostasis.
FIG. 1D illustrates the behavior of a single subclass of lipoprotein particles
within one implementation of the invention.
FIG. 2 illustrates an exemplary embodiment of an Effect Diagram depicting
20 apoB-100 and HDL particle composition monitors.
FIG. 3 illustrates an exemplary embodiment of a Summary Diagram that links
modules for the lipoprotein particle domain and the lipid molecule domain.
FIG. 4 illustrates an exemplary embodiment of a lipoprotein particle module
diagram for the ApoB-100 particle module depicted in FIG. 3. In particular, FIG. 4
25 illustrates an exemplary embodiment of an Effect Diagram depicting the synthesis,
reclassification and catabolism of ApoB-100.
FIGS. 5A-5C illustrate exemplary embodiments of module diagrams for the
VLDLI1, VLDL2, IDL, LDL-L and LDL-S particles depicted in FIG. 4. FIG. 5A
provides an Effect Diagram depicting VLDL1 and VLDL2 particle remodeling. FIG.
30 . 5B provides an Effect Diagram depicting IDL particle remodeling. FIG. 5C provides
an Effect Diagram depicting LDL-L and LDL-S particle remodeling.

-5-



5B provides an Effect Diagramdepicting IDL particle renodeling. FIG 5C
provi des an Effect Diagram depicting LDL-L and LDL-S particle

r enodel i goRh&@R66EBA- 6B il |l ustrate exenpl ary enbodi nment s pofi/use@isa43sd ecul e
dormains in hepatic tissue and peripheral tissue depicted in FIG 3. FIG 6A
provi des an Effect Di agram depicting hepatic lipid stores. FIG 6B provides

an Effect D agram depicting peripheral lipid stores. FIG 7 illustrates an
exenpl ary embodi nEMUS. 6fA-6B MMkkthR eRbaby %b&&&bﬁt%b%izﬂd Rsleile aa&lams in
triglyceride flux between the |ipoprotein particle domain and t lipid

nol ecul e donkgpatieltpsueand peripherabtisgie dep@edm FLGV3.dE6. ah pefvnéf@tantﬁfﬁagt am
d t t { t abol
on chol eat er ojieig SbiigiHl (oBRE: R4 sRAk, HG RGBT ¥R B i ' ™

exenpl ary en;bmdthahhpld(ziorwadul es dep| cti ng the affect of enzymatic activity
on the conposition and nunber of ApoB-100 |ipoprotein particles depicted in
FIG 3.5FIG 8A pFisui’ dEgst@FFSEPfeé@PPMaF%Hﬁl%M Q,ftairﬂgdltlﬁéem%ttngérhﬂﬁ'ﬁ@
activity of adBDhqandydd- AuReldsh figgd D agram
depicting the net gqr:ézjyrre actul vity ?l%lﬁp%tel%%a {C(Péla %n%g%ﬁ%rlgj\q/(?des an
Effect D agrlanied'dpldomangidpineedthIannyG aqmwdman(ﬁffchDidgrandemamﬁhe

particles. ust e ex enhodi ts of duI

depi cting th Sf0 %—i(#] I{l@i %@”’@?%P&P &2 "e%%ﬁlt?ﬂeé on the
del i pi dat i orbrﬁfmgg@&de@@@r@artl cles and HDL particles depl cted in FIG 3.
FIG 9A provides an Effect Diagram depicting the effect of certain hepatic

and per'Ppher al eniive At dillustelseaemplon erbadingets pﬁmodﬂleﬂ\éwtmhand HDL
particles. lef{%‘ t?}‘BenQ \c{ 9?&1 oﬁftﬂee%r%%sﬁ%r 31@{1 G3e tt;%'%%ﬁ%ﬁé FIP%]?IH efrr Ux.

| i pase (HL) I popr el n pase herr e

FIG 9C pr O\mamltadesadEpEftécbthIDl AgFEm S:AhproarﬁiewntEYfeeﬁ‘ Diigriedepittingaienétor cl ass
Btype |l (SRBI or SR-Bl) and its effect on lipid flux. FIG 9D provides an
Ef f ect Di agr%’ﬁ?”&@ﬁ?t&‘f‘fyréf YL Eppd ¥LDIf2 HaSWI%FerFstt §BIW%‘6§‘?Scﬁ“eEfﬁe°F ecept or

(LDLT) act | vblokranl éd5RetinkGfle ndi Rirlrhd g?fvlﬁ]tgto? Iﬁi&?&ﬁtc?ég%/ g?ggsgg PR o rmodul es

depi cting bi ol ogi cal processes esi s,
recl asgbfi cdififept Daaglarn alepioting themeFrZyme@atiypityouf RE-LamdE DE pditiclgs.am

depicting synt hesPLI%’S. 5&%3%%3&&%aegcclengl;r;llalayngmbodiments of modules depicting the
affect of hepatic and peripheral enzymes and receptors on the delipidation of ApoB-
100 particles and HDL particles depicted in FIG. 3. FIG. 9A provides an Effect

Diagram depicting the effect of certain hepatic and peripheral enzymes and receptors

20 on delipidation of ApoB-100 and HDL particles. FIG. 9B provides an Effect Diagram
the activity of hepatic lipase (HL) and lipoprotein lipase (LPL) and their effect on
lipid flux. FIG. 9C provides an Effect Diagram the activity of scavenger receptor
class B type I (SRB1 or SR-B1) and its effect on lipid flux. FIG. 9D provides an
Effect Diagram depicting the effect of low density lipoprotein receptor (LDLr)

25 activity.

FIGS. 10A-10D illustrate exemplary embodiments of modules depicting

biological processes affecting HDL particle synthesis, reclassification and catabolism.
FIG. 10A provides an Effect Diagram depicting synthesis, reclassification and
catabolism of HDL particles in general. FIG. 10B provides an Effect Diagram

30 depicting HDL particle remodeling. FIG. 10C provides an Effect Diagram depicting
net enzyme activity, particularly of HL and CETP in HDL1 particles. FIG. 10D



cat abolismof HDL particles in general. FIG 10B provides an Effect D agram
depicting HDL particle renodeling. FIG 10C provides an Effect Di agram

depi cti ngwvoebocasaysne activity, particularly of HL and CeCP/uUspoosiDiis2o
particles. FIG 1CODprovides an Effect D agram depicting net enzyne

activity, particularly of LCAT, HL and CETP in HDL2 and HDL3 particl es.
FIGS. 11A-I IBillustrate exenplary enbodi nents of nodul es depicting

chol esterol ester tr fer. protein,activit d.ipld,. kti HDL
ona apob 2007k o BEE el ol BE bkt AP b SAROSELLAT, B N
activity in iHAdEPRI HDL2%nd HIFL3 parBcles.ovi des and Ef f ect Di agram depi cti ng
CETP activity in HDL2 particles. FIG 12 illustrates_ an_ exenplary

e][r?odi meEt of nodkiGSs 1 ép]il&’illﬁgtr%ﬁFtnillﬁi’l‘éfle“moél%@t%%ﬁmﬁﬁhgﬁ%é%é‘g‘ hat can
affect the s i i 1 bR A
particles an%@_%ﬁ%}?‘ff@%%?&ﬂﬁ?@“ %@g}t* P%sl rl(g?(?aﬂs?ﬁiérllﬁdelﬁgrrlglﬁ Ié'r%eg)gpn%%gio?rent of
a nodul e deppaticleg EliGet &Apravidésest Effat Diagnars dopictingECETPhstivity mddPbi es an

exenpl ary enbodi nent_ of nodyl e i.cfing variaus clinjcal .nmea used
o provi de dBFRIFo ichd 1 Bmgrotyecin 16k Resed dupr tveGETh SnaSHBAES. R s
15A-15H i || @ate different configurations of vector diagrams of net TG

and CE fluxes. FIG 16A illustrates the ApoB-100 particle conposition in a
ref erence vi rt ual Fisatl2dustrates @n exgpplary embaedimens af reodufes dgpicting agitional

t herapeutic nt,.atorvastatin, h - t] . in a
ref erence. vi PEGcepBoPE ) et oER b RudhRE, St i RashoPss
conposiihi on ApoB-109 perticlds ady HIDppateidies. virtual patient. FIG 16D '
illustrates the effect of the therapeutic agent, atoryastatin, on the
ApoB-1 00 parti cl BIG dapbastiates aniexemphprembodimgntafiagn éeR}?t f2%at i ent .
FIG 17A il 'Hﬁ;ﬁés?ér&straﬁmgﬁoﬁf'a particle conposition in a reference virtual
patient;

FIG. 14 illustrates an exemplary embodiment of a module depicting various
clinical measures used to provide data for the biological processes depicted in the
15 modules.
FIGS. 15A-15H illustrate different configurations of vector diagrams of net
TG and CE fluxes.
FIG. 16A illustrates the ApoB-100 particle composition in a reference virtual
patient.
20 FIG. 16B illustrates the effect of the therapeutic agent, atorvastatin, on the
ApoB-100 particle composition in a reference virtual patient.
FIG. 16C illustrates the ApoB-100 particle composition in a Type IIb
dyslipidemic virtual patient.
FIG. 16D illustrates the effect of the therapeutic agent, atorvastatin, on the
25 ApoB-100 particle composition in a Type IIb dyslipidemic virtual patient.
FIG. 17A illustrates the HDL particle composition in a reference virtual
patient; A |
FIG. 17B illustrates the effect of the therapeutic agent, atorvastatin, on the
HDL particle composition in a reference virtual patient.
30 FIG. 17C illustrates the HDL particle composition in a Type IIb dyslipidemic
virtual patient.



FIG 17B illustrates the effect of the therapeutic agent, atorvastatin, on
the HDL particle conposition in a reference virtual patient. FIG 17C

i I lustratwe 2bdwebiBlL particle conposition in a Type |ib ggshuspeodensseo vi rt ual
patient. FIG 17D illustrates the effect of the therapeutic agent,
atorvastatin, on the HDL particle conposition in a Type lib dyslipidemc
virtual patient. FIGS. 18A-18B illustrate the effect of the therapeutic

agent, atorvastaty .l as | i pi.ds } I . FIGS.
150 18D 111 et r 10 ¢ 7 ivRER o AR of RIS MG iR B R | T
pl asma |i pi OHDL agticle 8inpdsiiohyis lai Pipd €16 dyshipidemd v1ﬂﬁill;ﬁﬁént | 1| . DETAI LED
DESCRI PTI ON A. erV| ew The invention encorrﬁqz:sses novel nethods for

devel opi ng a conptlGS: 188dSB ipsteate thesfisein! thethsrmppnticagent. alervastatigion | n
parti cul ar, ations of biological processes
associ at ed v&slgﬁn%ﬂoﬁﬁéﬁi pI dér%ﬁrgl%sﬁﬁég%prot ein particles. The invention
al so eneorrpasses FlG8p u8 €1 Sinitlestsate theclfifebosfithe therapettabagent atoryastatioden of

si mul ati ng chol est er ol tabol i d.co stens for sinulating
chol est er ol "é?o'éﬁ"fi%manﬁ?’?’e%itf q]‘tp?‘{‘} %ﬂi%aft'(ﬁa ‘cal systent can include,
for exanple, an individual cell, a collection of cells such as a cell

cul ture, an HimA&EDmePMN' -cel lul ar organi smsuch as an
i ndi vi dual hunman patient, a subset of cells of a multi-cellular organism

or a popul ation oA. ﬁMerYwWel | ul ar organi sns such as a group of human

D oee Phel e PO M R LRERU A B o 4D B Rorh ) CURBYEAmORS o1

can al so include, I Ssue system's he nervous
syst emioi mkﬁ[&h&iesﬁeﬁﬂhndﬂdbohamdn@nuﬁlmllalpaﬁmtaeﬁhe rodels énaludebi ol ogi cal

conponent” refers to a on  of bi ol o yste i ol | cal
conmponent t hréPrqS%ntﬁé’t“ts 0 if’%‘?%PE&fF?ﬁ? as§9‘g‘ &1""& "it}hﬁ%@%‘x Rré’ﬁ%?e an
extra-cel I ul ﬁiﬂl@l@@%n% Hflon ﬁs&@ﬁéo‘rﬂ;ﬁEseQQ&%faﬁtEPﬁlﬁaels éficlidl'és'&?itolceI l'ul ar
constituent, a conbi nati on of Exanpl es of suitabl e biol ogical

conponent s, mgiabeitk, noathodsrod 51mu1atmg cholesterol metabolism and computer systems for
simulating cholesterol metabolism.

15 B. Definitions

A “biological system” can include, for example, an individual cell, a collection

of cells such as a cell culture, an organ, a tissue, a multi-cellular organism such as an
* individual human patient, a subset of cells of a multi-cellular organism, or a
population of multi-cellular organisms such as a group of human patients or the
20 general human population as a whole. A biological system can also include, for
example, a multi-tissue system such as the nervous system, immune system, or
cardio-vascular system.

The term “biological component” refers to a portion of a biological system. A

biological component that is part of a biological system can include, for example, an
25 extra-cellular constituent, a cellular constituent, an intra-cellular constituent, or a
combination of them. Examples of suitable biological components, include, but are
not limitéd to, metabolites, DNA, RNA, proteins, surface and intracellular receptors,
enzymes, lipid molecules (i.e., free cholesterol, cholesterol ester, triglycerides, and
phospholipid), hormones, cells, organs, tissues, portions of cells, tissues, or organs,
30 subcellular organelles, chemically reactive molecules like H", superoxides, ATP, as

well as, combinations or aggregate representations of these types of biological
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not limted to, netabolites, DNA, RNA proteins, surface and intracellular
receptors, enzynes, lipid nolecules (i.e., free cholesterol, chol esterol
ester, trwolyeaws@des, and phospholipid), hornones, cell cTASg@SH45520 SSUES,
portions of cells, tissues, or organs, subcellular organelles, chemcally
reactive nol ecul es |ike H+, superoxides, ATP, as well as, conbinations or
aggregate representations of these types of biologicalconponents. I n

addi tion, b|oI I n t S
NG Con 7 edurnety, FERRARGE bRIGRM LRGpiNGe AARGN hEralRt o o

i nhibitors (& KMG- ebAtrledindﬂeﬁ): inhyBikors (dg. bstﬁtnrs$, o@elegerol ghsorpteon, inkiBiteYs

vyt ori n) ¢ THE SR O L AR ot GO PHER B m P G i

interaction Qg §se5dne[§n8{0 | REShiRE td PNwyihgtween bi ol ogi cal conponents.
Exanpl es of suitable biological procésses, include, but are not limted to,

| i poprosein part |”ElheeteH;xﬁh_é@1_®LMI mple(bhellem t@anmgntlnt@wcb@n 9] S;‘;@ﬁﬁ otein

particles, lipid c Siti oroteln arti

| i poprotein ?)tp ttef%i)ggob Fﬁﬂ‘&@ﬂoﬁ’gcag‘f 1?0[5’8‘&?of%e?mpfé%Pfs’mﬁgfe%?&P %l%%]l fferent
cl asses and ﬁrﬁ@&k@sﬁﬁﬁldes&ﬁﬁﬁegﬁ)tmm{eﬂ% dip#ptseéit lpesiclasyheReis, apolpebrotein
peri pheral tissues, and transport of ‘p:gfl d nol ecul es between hepati c,

vascul ar andcq@mqsgwerﬁlllp9pr9m3aﬂlqiﬁel sampsisicaqidipprigteie padiclep.an al so
i nclude a pr |l e
the process SrbRfSEEbYpldh BRGRT. (REEHIRE ARSI BARDLE in BIRAETR,
bi ol ogiieal veéladsedarsl snbclhh;es btcﬁhgmg)fd@hd mbhace]ss 1m}aapabeamd1pdnpdaambdssuésgr

exanpl e, by at_|east t | ogi variable in the, biologic
process by s%r%slb?rb@ﬁ&ﬁ& "?Pi%oﬁgeﬁ%%‘? eW%FB lcnewuﬁb?n%%e”?ﬁ‘g@r g %ven
understood. {hg "BI%Idr?tl g{oee@t' 84n alsSindRRAE aPRERENCIRpIBH R I Fhdte that |

characterizes the | ction between two or nore biological conponents.
Exanpl es of qharaamitoexgsnﬂsnfbt erchanplé themrogeseoﬁ@némg@ thﬁﬁpeuélc ag@rri@ aeellylaryx of

|'i pi d nol ecul e hol ste ter and tr| Se (TG, out
of each part’ingalétoél gg@alﬂﬂ@g}cﬁ é%aqf%i Bipla clal PREFRICS or €S’ (?egt %09

chol estqgr ol é‘vééﬁ{ﬂI@ber%t Icastione @fhet bioldgicdt f/hnbkebl6 thb Bl Gaicdl pteafbysypnihesi s of
apoB- 100 particle classes, and rate of HDL particle formation. The term

“variabl e, " bislogiselimeehagism, W@ﬂ@‘r %eefi é‘ohb‘?/%eﬁ’éie@ RaEVERdsEsiendi zes a

| i poprotein partic i poprotein particles of a particular
cl ass or submtesgion between two or more blologlcal components. Examples of parameters

include affinity constants, K, K4, kcar, net flux of lipid molecules, such as cholesterol
20 ester (CE) and triglycerides (TG), out of each particle class and into hepatic or
peripheral stores, rate of cholesterol synthesis, rate of triglyceride synthesis, rate of
synthesis of apoB-100 particle classes, and rate of HDL particle formation.
The term “variable,” as used herein refers to a value that characterizes a
biological component. Examples of variables include the total number of lipoprotein
25 particles, the number of lipoprotein particles of a particular class or subclass,
apolipoprotein composition of a lipoprotein particle, cholesteryl ester (CE) content of
a lipoprotein particle, triglyceride (TG) content of a lipoprotein particle, free
cholesterol (FC) content of a lipoprotein particle, plasma concentration of CE or
plasma concentration of TG.. _
30 The term “phenotype” is used herein to mean the result of the occurrence of a

series of biological processes. As the biological processes change relative to each



apol i poprotein conposition of a |ipoprotein particle, cholesteryl ester
(CE) content of a lipoprotein particle, triglyceride (TG content of a

| i popr ot ew0 2p@wdssasie, free chol esterol (FC) content of acriysemsotsbn
particle, plasma concentration of CE or plasnma concentration of TG . The
term "phenotype" is used herein to nean the result of the occurrence of a
serieshofhbiologicaL processes. As the biological processes change relative
to eachot her en t Is nde f a
phenot ype | SOPHeeRREToe el S Fh e phE RS uelE R RUEHEL o

bi ol ogi cal peegeFaesvittofasifses, fpaﬁdxetermnamdbwmgw ppressts atcth spegified ment al
or environnental conditions. Ap henotlype can include,. for exanple, the

state of an WRERY] Hrdsr spesified expemgHAl orenyiranmental GOAdons, i ti - cel I ul ar
organi sm O gani S te&#}hm&f&%%&g@pe% &Qt@%'f%n%cﬁﬁh@aﬁ%@ll%f ein

i ncl ude ani nal s. ani nal ’herein i ncludes mammal s and
humans. sA p hﬁgm mpssma lanﬂbsmmuitc-bclﬂéar dogenisns. Qoganisns usefipl irothe mﬁéhqd@t al

triglyceride, tot chol es chol est ero »..and

chol est er ol ‘?ﬁl glﬁaﬁg?%éﬁf%fnc iénat(%qgegnsarggw bE Hsﬁé 813
experi ment al 1|n¥lud9§ méRthaReandueiahk. OR%hEﬁ& &anl dscAinBrRUE, Bt istnoP Emited o,
exarrpl e, a phenotype of total systemcholesterol and/or total syst em

Ei r :c ?I ycer i fjethcémall tnglqugledeb kﬁéaln}!mCh@ieSwmioIprtcéplﬁStﬁ&l,t41’@{%sﬁ?JIF esent | n
ifferent Ii
n% Petr%elg)'}esﬁee? a%samrg 1. &h o*nﬁ%toﬂg E%ﬁée{ ol p@ﬁﬁ'ﬁﬁﬂh Ot aI

anot her exa not S ter O

_Syszje ][nf Hrigl cydll‘aﬂfei ddﬁdmaﬁs pnalsénm maa pfi’tﬁanmylpibeFoﬂéxammm prpherotppeatitbiat bystenpr esent
in different |ipoprotein classes for a |p|d m c patien et anot her
exanpl e, t heCW\@F%?Wé/%FOtﬁ]o%Yéqemst?g{yéFﬁ‘ ég‘{llé Gthe &HH‘}’SI?MIIH’LOH{O é{}st em

triglyceri d eﬁ'ﬁaeé gn%lséfﬁi diferdn Pﬂgﬁ{m@fu élﬁd@@ﬂ‘o‘?%%hﬂttﬂﬁ{cﬁinﬁhﬁﬁerﬁkﬁﬁl%@ﬁt in

di fferent oprot asses a patient being treated wth one or nore
of the ther a}membt}rer axmnple, the pharetypd of bslsysttmechplesterol dnd/entotal sysiem” i s used

herein to nean t bi ol
related to twlﬁﬁﬁgg‘r’%’r‘ Bﬁgm@ﬁer“ﬁlfrg’ﬁfo j msjgtglln pltagté(’?%’ps‘ésa?gg ?r%gia?r{alee a
di seasggst at ﬁpdiﬁ&e&eclésla& oF AUgsiPidemibps@ds eth yetlahother SkafrPBS € phiefdtfpe a

di seased tissue, or a diseased multi-cellular organism Exanples o
di seases t haof totehsystermrsbrdesserol mqmetab@ﬁm wighycspdeleansinclyde Hwaslmber of

e et Y d eI HRER! (6 ipd RS B UdGes ToPR PRI bHE et
with one or more of the therapeutlc agents discussed above.
The term “disease state” is used herein to.mean a phenotype where one or
20 more biological processes are related to the cause or the clinical signs of the disease.
For example, a disease state can be the state of a diseased cell, a diseased organ, a
diseased tissue, or a diseased multi-cellular organism. Examples of diseases that can
be modeled include genetic disorders, such as hypertriglyceridemia and
hyperlipidemia, metabolic disorders such as non-insulin-dependent diabetes mellitus,
25 metabolic syndrome, fatty liver, and medical conditions associated with an
accumulation of one or more lipoprotein particles, such as atherosclerosis. A diseased
multi-cellular organism can be, for example, an individual human patient, a group of
human pétients, or the human population as a whole. A diseased state can also
include, for example, a defective enzyme or the accumulation of a class or subclass of
30 lipoprotein particles, such as a deficiency in CETP or the accumulation of VLDL,

which may occur in different organs and/tissues.
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nmet abolic syndrone, fatty liver, and nedical conditions associated with an
accunmul ati on of one or nore |ipoprotein particles, such as atheroscl erosis.
A di seaseworruddidssasel | ul ar organi sm can be, for exanpl e, pamuspaiswideal hunman
patient, a group of human patients, or the human popul ation as a whole. A
di seased state can also include, for exanple, a defective enzyne or the
Sc](c:umjl ation of a class or subclass of |ipoprotein particles, such as a
eficiency in CET orthea latli n

di fferent organs Pt s lmu?aq elsfﬁesF%Her%ntybﬁaptﬂ@hﬁge%@le’apﬁﬁ?%ch to nean
the nuneri calhtdgfat@n@lfxtma:mmatmlagw&u oor é)éfanfpldfmtdmdaﬁdm calmeamdbe . For

exanpl e, simulati on can nean the nunerical inte tion of hemat i cal

model of t henysprsisal ylff@rai@mf.éw faythﬁmétl%wéde%fd ¢p Otxpeéiehn?‘ﬁby ‘i“ﬁe term
"bi ol ogi cal gft.L F@‘?ﬁtﬁn ggl n to nean biol ogical characteristics of
a phenotype, 1nc e $t’ate. For exanple, biological attributes
of a pasticular dﬁhem‘ﬂmﬂb calrmihbdte”musndbelielrstlogn@ndndoglcdgnost| c

criteria assqciated . with the dlsea attr t a

phenot ype, | TRFASHTIY Csa‘)fgi RIERQYPE 1§ Bdméaﬁ‘sﬁgser?gag E%rncé‘ﬁ{l?ieog O%(faf(l)gl cal

vari abl es, pﬁfrﬁﬁ?és%"f% a?eﬂﬁﬂa‘?Hlsﬁzﬁs‘é%ﬁb‘ﬁéﬁ%}udgﬁhﬁ@ﬁ's@gr@&ﬂﬂﬂla%ﬁo@fc dpitedla0Qi cal

attri butes associ at ed vmth a E lem c di sease state include, but are
®

not limted 4seoc1ate<égfuméh@dn§gasgf Tb@ ogixtahairbuiern fasthepetype.ipglaging a
triglyceride st rimy/.ef erence
pattern" is ?gféeaay_tgr ‘et ne? org%ra\ce%grnen%ws c{?‘%&ql{i@?@ﬁ%h?@% pgt It{lrgﬂl Jf)%taglsl/ {r hat are
measured in ﬁtoB&E%ﬁ&Bt@tﬁ?l@lesaﬁpledobh@ldgﬂdat&tnlmj&taemmd%eiwﬁhardprhlqplddrm
measurenents nmay be perforned on bl ood sanples, on b sanp cel |
cul tures der‘ih\?%aée Ftﬁ@ﬁﬂﬁu%tbﬁﬁ?reém limited, e MIeRSHERCTS} Og'r??airﬁiasméfhﬂ%ftg@ of

di seased bi of, %l#rce??ﬁ%g UL bRALGE), G HiAthoMstchdn el rrodel s of

dysli pi dem c ypes, and arthrosclerosis. The term"sinulation" is used
herein to maan th’Ehenmrrm‘ referlencrr padtend \is ised|herain tymeari oset of bivlogeahenat i cal

nodel . For exa SI mul at o a I te t f th
ot hermt | cal AT B HECHERU Ao BRRTAr Y THeeaovaCEe Ik e, ¢
dx/ dt =f46X, PthetmleastrBehi8nily tol gk foeth&@bn Bldad d&rhples, T topsy SampRs, dieeri n to

refer to a trait, quality, or
cultures derived from a normal or diseased human or animal. Examples of diseased

biological systems include cellular or animal models of dyslipidemic phenotypes, and
arthrosclerosis. _
The term “simulation” is used herein to mean the numerical or analytical
20 integration of a mathematical .model. For example, simulation can mean the
numerical integratioh of the mathematical model of the phenotype defined by the
above equation, i.e., dx/dt=f(x, p, t).

The term "biological characteristic" is used herein to refer to a trait, quality, or
q

property of a particular phenotype of a biological system. For example, biological
25 characteristics of a particular disease state include clinical signs and diagnostic
criteria associated with the disease. The biological characteristics of a biological
system can be measurements of biological variables, parameters, and/or processes.
Suitable examples of biological characteristics associated with phenotype of
cholesterol metabolism include, but are not limited to, measurements of total plasma

30 cholesterol, total triglycerides, LDL cholesterol and HDL cholesterol.
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property of a particular phenotype of a biological system For exanple,
bi ol ogi cal characteristics of a particular disease state include clinical
si gns andwoizagnesdsic criteria associ ated with the di seaver/UFb@shiwbogi cal
characteristics of a biological system can be nmeasurenents of biological
vari abl es, paraneters, and/or processes. Suitable exanples of biological
characteristics associated with phenotype of chol esterol netabolism

ncl ude, but are gl bW b a0ubOrealRAS HRERLS ulld Hlitho MofRTEn RRURR er ol

total triglycerides; TRLE estero e term
" conput er - r eatiRhliecapabiewTstoring s extokirge seqhanc of instectiong formtirionmisgitbé i s

capabl e of storing or encoding sequence of instryuctions. fo erfor.m ng
the nmethods Wedwds desqribed ksrein 2 C%‘h‘r?q“aﬁ’ltﬂﬂé?t IHB’ctecﬁ@b optica %Of%?@%bfi cal

and/ or magnel I &S AR Her VaSkSionaafd carrier wave signals. C
Met hods of Dget\t;félggg?\ﬁg&%gg@ugfsos’ Chol es?{eraol ﬁ/gt abol i sm A conputer nodel can

be desi gned to no@elMethodsof Devdoping Medadsdf Gheleserd Megabélismet i ons. The
conput er nodel can be built wusing a,"top;down;  approach .t.hat. i
defining a gener af* ©@PY “boéiﬁg?ﬂn esd"ﬂ%a?% trp(\)/%el(gg‘?gr ’Bllo{ﬁ%&?%lac%e@f))n F‘%lon,
e.g. a di seagefundtihsbahe vb@pstcPimddéinan bl sailt @sngONShdaival Spsroadthatsyst em
and a set of nested subsystens are devel oped to define the next |evel of

under | yi ng dbeginy by definirs@egsieral sefiof bghayiers idisasive ofia iokegieal soudition. $i&as na

chol esterol c¢qgncent i . i fi i i i h or
each can be ?rglc?g Sgd&iﬁ%\b ur h%r@%e@ﬁ%ﬁ%ﬂ%s g@fs ng@kiﬁ%‘%%%%%%h&?gﬁw

t hensel wes beutdeaans areldeteldpaind defidethediekrlcde tofiuhderlfiiveg desal.r Bdr exanhpeont ext
of these subsystens is, therefore, alrea defi ned %t.he gehavi rs that
char act er i ze&tVRR agghayigreychps ?lﬁ‘éat%‘&@?*%‘?ﬁ legtefplfoacerRioR RO REM et i on
process contj . I f ] i Jas] ihoOR s&tym, until
there is eno%ﬁéﬁ%ﬁﬁ%ﬁ% {gglbﬁgﬁﬁg’%?ﬁéﬂgi@%? {n(r:tgl ’g%vgor.

Speci fi cal | ysubtspstemmdetiich sanchpabilecsdie deoetsirizetgd bidmodeledin ¢ataibetkes t hat

can be mani pul at ed a dr or ot her thepapeuti g agent i f the
ot hods useq ottt onses s Bl et rdf Ry e bl ot
illTustrated iHat Eldeactdrixe tHO@ynaREi E0sIIhd ¥RictRhd ¥ whelgi ThbYecddgridtioni procesat a
associated with chol esterol nmetabolismin an animl, The methods go on to

i dentify onecetinges mop¢ligagereand prase bivkegy, Hewdhe kapetpwil, tAt) thefeds erqghand

one or nore gietgh ?(Q}e%ﬁéate‘a given biological behavior. Specifically, the model is capable of
modeling biological processes that can be manipulated by a drug or other therapeutic
agent.

20 An overview of the methods used to develop computer models of cholesterol
metabolism is illustrated in FIG. 1A. The methods typically begin by identifying data
associated with cholesterol metabolism in an animal. The methods go on to identify
one or more biological processes associated with lipid flux and one or more biological
processes associated with lipoprotein particles. The method next comprises the step

25 of mathematically representing each identified biological process. The biological
processes can be mathematically represented in any of a variety of manners.
Typically, the biological process is defined by the equation, i.e., dx/dt=f(x, p, 1), as
described below. The representations of the processes associated with the two
domains are combined and predictive models of cholesterol metabolism are formed

30 that integrate data for e.g., VLDL, IDL, LDL, and HDL particles, lipoprotein and
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processes associated with lipoprotein particles. The nethod next conprises
the step of mathenmatically representing each identified biological process.
The bi ol oyoeads/@s@TEsSses can be nat hematical |y represented/usrooanyssed a
vari ety of manners. Typically, the biological process is defined by the
equation, i.e., i), as described below The representations of the
processes associ at ed with the two donai ns are conbi ned and predictive

R i s

VLDL, e-assocl at ed enzyne

and receptorsyﬂmebfélté eneddiél a anat bl@)ohbﬂ&l@itabl?pﬂ’(bﬁwfo&aﬁbﬂmﬁlynt heSI S to
generate a virtual blood chol esterol pI’OfI l e for an ani mal

i lustrates vari ofidGb} Blusatenyarinus brolegienl pragessed that Eel‘itﬁt‘b?mleé?ﬂ'%lr ol

met abol i smi yﬁé%aﬁ"d@d &bl H{nﬁg@bol i sm
t he |IpOpI’OtI§I n pg&“m* ;i[ag%al n a | dﬁfJCFEHOI rr%u n. sEach of

t hese denai anomotdmmmclaﬂémalnen@dmhpxderrtod)eoulwdvgmn| Eadhhef tkmvldpmmns and

t he phenotyp of .a subject. In.a preferred. enbo ing.a

bi ol bg1 cal > pEeENGISSekEnsivety SHepFsin B SUERBEL o g PleCrBPaShaRTPIcE:
conpri ses Ident'fmme&nlea%ﬁgamém RAGREiSg 8 DFN6EiBAIFRoMsS AsSoiaedaathS,

recl assification or catabolismof I poprote| n part icles. One or nore

bi ol ogi cal pthedipspretrin partible d@muammewdehtﬁymm@bl@tmw prcess@scHid et i on

f h ' :
e mat nomat PEaSABay e s B R B ATRe! IR PR AL, Enelo BT "

|'i poprobei n pialdgical ckdRed ¢ aasdéwtddasbitmm@ib&&ep‘dmﬂg secretiasformafa
l'i poprotein particles, a subclass of PEF protein particles, a nunber of
igy

| i popr ot ei n Fmati¢ éq>resartra¢mabba prsdrFedkiEpleneantaion of ithsinyention; ithey or ot ei n
particle, a &? &ﬁ%&fﬂé rERhEtioh (A bRAMEN brodbsshstdRRET Bl 1Bopididid €l € a
triglyceride cont ent | popr particle, free chol esterol
(FQ) cont ent parficlas inchdps avaiablompteselting aacletss peﬁllpcpretezrypm’;lclas laephtlass of

receptor, or_a therapeutic a The bi.ol o esse .are selected,
Coch s hat , Clisot Toaies a BEPHL I HE o8 ST SR IPOR UL RE D
conbi ned, thgy, ﬁﬁc?pr&eﬂqﬁh%lé)fa dhateeﬁfﬁtegteg(cﬁ)e;ohféh%fa@ﬁpcgf&ea Qlaraé) a

l'i poprotein particles and |ipid nol écul es atic an eri heral
tissues. Fortr@ioalmﬂ@(TG)rﬂoeltme mhsommremam@e,m h@!eétmolpiﬁfib P@tt@tﬂf e,

g e T A e L e
heal t hy and The biological processes are selected, such that, when the representations of
these biological processes are combined, they are capable of integrating the
20 interactions between lipoprotein particles and lipid molecules in hepatic and
peripheral tissues. For example, interactions affecting lipoprotein particle size,
number, classification, reclassification, and composition can be integrated and
computer models formed that simulate blood cholesterol profiles in healthy and
diseased animals. The diseases that can be modeled include genetic disorders,
25 metabolic disorders, and pathological states associated with a perturbation in
cholesterol homeostasis.

In some embodiments, methods for developing computer models that
simulate cholesterol metabolism comprise identifying biological processes associated
with lipid flux between different tissues and particles. The methods include

30 identifying biological processes that affect the flux of lipidé between hepatic stores

and peripheral tissue stores. Other biological processes of use in the methods
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di seased aninmals. The di seases that can be nodel ed include genetic

di sorders, netabolic disorders, and pathol ogi cal states associated with a
pert ur batworzoeene6dsel est er ol honeostasis. In sone enbodi remtis005@i3500ls f or
devel opi ng conputer nodels that sinulate chol esterol netabolism conprise

i dentifying biological processes associated with lipid flux between
different tissues and particles. The nethods include identifying biological

processes th f 1k ux of - 11 pi nd
er i phoral ¢ roeieddflsih e, BoRlsice BolBs R MBAN T BRA heng: O BiaFe
met hodsdescrbdmeerigpopisteinrpattivdes, For examgplediolpgicelgzeessassadvatiadhani t h t he

flux of |ipids between |.ipoprotein, particles. For | e, hiologi,cal
processes | rﬂ)’Bﬂ\Fé‘é’ Gatabolgmg rﬁggqs lcapion g BWQ@%e‘“d?%)ét?‘;@c‘%&?gegﬁtgghﬁgn of
| i poprotein mg&\&%&@e&ﬁﬂe i Aitpattltfesiprabénth ol HiPlogRaldSsieRE MHeMRo8gIchIOUS

particles present in a biological system The biological processes are
sel ect ed, suwhcashestare sélerted; ondhi thetd whei egmbined, dbgyatst sapsbld oftinigematinghet he

i nteractions. affecti lipi.d. t th . . j ' [
and the |1 pratgasteerSecisRipid D oL ER b ol BBk Rl Ry G Bpf TS 1
conput er nmodgbkctlB@omaidrul at e chol esterol netabolism conprise identifying

bi ol ogi cal processes associated with |ipoprotein particle synfhesis,
recl assifi cati on Wrsometeathodinents, gethodsifen %gp@a}ngﬁpaw&%@meﬁéflméwlﬁ@ f1 ux

of chol ester r - he eN.. e ¥ ] ' ' Y=Y rticles
and existi nga{olle%ge%@o é@lggr(%o?@?{eég %%lém?%/ E@bﬁéaﬁ% ?ﬁgk%@gﬁsgégb?%@ bet ween
| i popr obei n ppoproteingmrtidiaseithess, mphsifiGdionyntitebilsm. t iehibnaogipdr at i on of

lipid f h tic st i nt t hesj zed LDL [ : bol i
of exi st 1 ng BRRPS RSO MedEins FREVEST FY e Bereesrep b e A T pia
stores, andalg%tiﬁ%f%in(ﬁn%les%ﬁ%xisﬁhg lip&rbtet pdrBEI8R RS ﬂﬁ)@oﬂtﬁgﬁﬁeﬂlés (Teyi at ed

renmoval or lonof lipids to particles. For exanple, Dbiological

processes af betweémigpapmotyimpagtides; baselinoapodc1 00/symghesis, the inqomrarationsafdipidpat i ¢

tissue can bg identified and conputer . f or med . bieng. 1. rol e of
t hese enzyrre&oﬁnﬂ‘e IGHeT Y P ybsg?t% Sé%r:e%lilisﬂa% F % C(Earel% hcag%%gllsﬂéllqggglsﬁ'ﬁé

bi ol ogigal ppREEIEsatcading liped M Bepatis o periphatal lipldaroreq ahd Begmd (agy CET®,
capable of integrating the interactions affecting the addition of ljpids to
| i popr ot ei n Phr EPE) exsreceptorfgig) S%sBlt)H‘éedll%S%%reﬁiovlal‘Eﬁatﬂ]éhtf‘\“(ﬂ%}]%piqﬁd?)?@it‘é‘eﬁ-

particles t hﬁ(;r e(}(gﬁlﬁ)fei, betlc?giéa?.p%%sieg&ﬁecrtiﬁg leﬂf‘ﬁliié ﬁlﬁlaxreiséiﬂor activity in peripheral

and hepatic tissue can be identified and computer models formed describing the role

of these enzymes in CE and TG flux between lipoprotein particles. The biological

20 processes are selected, such that, when combined, they are capable of integrating the
interactions affecting the addition of lipids to lipoprotein particles, as well as the loss
of lipids from lipoprotein particles that contribute to particle reclassification.

In some embodiments, cholesterol metabolism can be modeled by identifying

cholesterol transport pathways involved in a flux of lipids between and within the

25 lipoprotein particle domain and the lipid molecule domain. In other embodiments,
cholesterol metabolism can be modeled by identifying the number and lipid
composition of lipoprotein particles in a given class or subclass. In yet other
embodiments, cholesterol metabolism can be modeled by identifying the synthesis of
lipoprotein particles and the subsequent reclassification of these particles into

30 different lipoprotein classes due to changes in the lipid composition of the particles.

In certain implementations, these various methods for modeling cholesterol

-14-



I n sonme enbodi nents, chol esterol netabolismcan be nodel ed by identifying
chol esterol transport pathways involved in a flux of |ipids between and
wi t hin t hwol2o@oesastiei n particle domain and the |ipid nolpecwseodomsen. | n

ot her enbodi nents, chol esterol netabolismcan be nodel ed by identifying the
nunber and |ipid conmposition of |lipoprotein particles in a given class or
subcl ass. In yet other enbodi nents, chol esterol netabolismcan be nodel ed

by identifyi 3 ] ' f ot dliDC ' ' . t equent
recl assi f1 ol o WL BRI ot gedR SRS R e BB I T e
to changes i hohéstdsispbt noopredict trivesiernd Chaniges manhiblestess. hohreostesis thiahoccur

I npl enment ati ons, these various nethods for nodgling,chal esteral nmetabolism
will predict“ithe %Wfé’t %{{@P%§b€}1§é’30hﬁﬁgeplé‘r‘ﬁi}%g§m§tf%“ﬁn8ﬁ8| esterol
honeost asi s, th@ﬁ%ﬁ&gﬁa%fl@dﬁﬁfs SR StRMesHHRBIRS dd@uﬁ@@rr]%%hﬁib_@f of @yEQst asi s

t
that occur wt ours of a stimulus, such as a change in diét or
adni ni s6r at | waeksfcan be imexdaled wising thepmathodsTéessribesk heseip. &n an altarpaipyénses t hat

desor i bed nortmenyam 1 mdt]af PGB mHBRTRET b sl Rl Py Ben riRASs

chol esterol gRbERNRH WsR halkstldTBhaitRd]ikMmasiech @l thody Raidhcsccasliowaigefdod t h
chol esterol netabolism such as those which occur follow ng food intake

( post - pr andi titakgpestipcandial dynagwigd- | npl enent ati ons, the nethods conpri se

i denti fyi ng bi ol ogj - | ] i i ticles,
wherein the Iipopglo%baenlm gﬁ‘?@ g"s"@’;‘?gmae@{s"?gﬁ%b IgSéﬁg?lﬁl u ?rl&g géls or

subcl as®. FI froctsSes dskorsited ivith lpopmtanmphsiclesmehdreid thd lipaprotein panticles grarti cl es
into a certain, class or subclass. In this | ementation, .a class,o

subcl ass of PHIAFE P@%r_t’icgisaﬂE?F%‘é‘cf“B&laﬁsh?@i L@E‘&h‘s_ﬁﬂ'ﬁfﬁ?éﬁ‘é@"@xﬁyﬂﬁ%ﬁo‘i e
class. The pg«&&iﬁsﬁiﬁ ?h&ﬁle!s?ntg%tc%ﬁﬁ‘ihr&?ﬂs BYsuBERN. | Th\thil SmplethetivhE: Qhss

chol esterol and tl’l% yceride contained within the particle. Thus a

particul ar cbesbclasd ¢f rotidles in dpBmadi byl the siat bf particlagwithin thafralassi The partide | ¢ he
sane amount of total lipi.d even.though the nt. .o | est -
triglycerideS¥f ¥ 563"5?’9‘%%8‘%8?%"& tggf’ luglaerot%irg’gﬁgﬁgﬁ\?\ﬁoi ﬁlﬁégeﬁécegﬁgé%n%flﬁd one

i npl emept at i Qithf thé BertioRd ethus kfpatitalak CRECWIDUnedh paticks pRhaviak eheesaareds t he
maxi mum | i pid content which satisfies the iso-size const its

particle cl a®ge, irhéhqsame amaunt of foid ligickgven depugh tharsperat 9¥ glléfg%%‘;rg{?far ticle
R L e M T
particle of the model, if the lipid content of a particle exceeds the maximum lipid content
which satisfies the iso-size constraint for its particle class, the particle is reclassified
20 to another, larger, particle class. Similarly, if the total lipid content of a particle is less
than the minimal lipid content necessary to satisfy the iso-size constraint of its particle
class, the particle is reclassified to a smaller class, thus maintaining the constant size
of particles within a particle class or subclass.
In certain implementations, the model of cholesterol metabolism is capable of
25 simulating a biological system at homeostasis, wherein cholesterol synthesis,
deposition and uptake are all in balance. An example of a biological system in
homeostasis is a human subject after an overnight fast. FIG. 1C illustrates several
biological components that preferably are considered in developing a model of
cholesterol metabolism at homeostasis. Thus the flux of lipids between particles and

30 the liver, between peripheral tissues (illustrated by human figure) and particles and

between particles of different classes preferably are modeled. Further, it is preferable
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class, the particle is reclassified to a smaller class, thus naintaining
the constant size of particles within a particle class or subclass. In
certai n iwpl2essmws@ti ons, the nodel of chol esterol netabeciraseesosspabl e of
simul ati ng a bi ol ogi cal system at honeostasis, wherein chol esterol

synt hesi s, deposition and uptake are all in balance. An exanple of a
bi ol ogi cal syst em in honmeostasis is a human subject after an overni ght
fast. FIG dRAES céﬂwlﬂlthéo»»ael'ogghﬁ@dm&mwaeTs‘@oaéaeés ¢ flogeiedl y are

consi dered |n deve opi ng a nodel of chol esterol netabolism at honeostasis.
Thus the fl uks diustratpdaisFIﬁatl\ﬁbmd (isqussedlie sroandetaih belpivy the Clhand\EEreoptent pher al

tissues (illustrated b nfl l,es bet rticles
of different® %Ié’%gp‘ﬂ% T)slsfr L{)ep?%% dtéda(’afl%efgu?1 tPe aq{wf ?afﬂé(?abl et hat
the CE and T&z’;}ﬁﬁ %n% CRTPEC KT HOYEPL] R@PSaveiger RREptof (. ggmm);ses are

model ed. As ilTustrated in FIG 1C and discussed in nore detail bel ow, the

CE and ¥G coleratad iroperiphgial end hapgtip tigsue; as walkasdyspnthgsis phaew AR pasticles ect ed

by the activjt Ik‘ﬁﬁ R 1
scavenger r el eﬁé g%pa%?%%ufe c%g%@éﬁ@ﬁtsqrofgm?atgmﬁgﬁgvgr g’?ﬁt{é rllyg Cklglggt?ﬂ)c
tissue, as vepthkeodpetiyhdrhlaissse, ahd bﬁmthlﬂdhspmﬁhml esHiDL pdracleebptliese t i ssue
conpartnent or formation f new HDL p |cI by chol est er ol take from
opRLae

peri pheral tf¥RRAEtmeRty By %@F%@ P eﬁtﬂ_o "I—Ibe1 FceRligop
conpartnents, {t‘ﬁal ;5} iy éF%s 'a%her%Qll therhpy, Qilatfaltb% ah$ phAnfAdrdh eSmponent

Application o protocol, e.g., a chronic virtual therapy, that
al ters any paftheetodel mwxp@tqddnemttuxbfthc kiestemp thotardsa m&pb@m@@ﬁtmﬁ qeaditighb t he
system t owar a, ne OnEos ondl t char F &8 I d
nunber and da?ﬁ‘i ‘Hlﬁeiigﬁ aBIa ‘taﬁg fond 3‘ﬁbcll ero %‘:g%}f]otléesn rS“lof t he

particles, h&ﬂﬁéﬂt%ft}ﬁriﬁrtmsl Baﬁhalarﬁqﬁﬁpnérmh@artﬁieas I Di I I ust rates the
behavi or of a single subclass of Ilpoprotel particles.in

i mpl enent ati on of FiGhd D lusisateothe bopavierpfa S§L&8’c$“é’§§ﬂs%?f1IR°ﬁ8ﬁ?18tpéﬁI?les n
particles, the Irﬁlgérﬂen%ﬁ%&%hg{nv@mw tWihis o shbsld &q;pogfbtélﬂ afieldsMhbYy Of
several enzynes net particle cho estero nten i ncreases due
to the gonbi igid oaﬁtenoasf a);farﬁ.ﬁa'i% subjbcSie-tBe actMtlonésa:w'ralpaz)tmcsI érypmagyynwerl de
cont ent 'decreas,esg:gue to.the canbi ned_ actipon of

T , as
i 11 ust rat ed, PErHeleghplestarol foRtentdnereases Pug ot ?%@W?‘Iﬁ‘%“’a OE%E&Q’L?@%% 't he
size isobar {g; Ep& J?agtg(?@ 1%&9&&9&1%&&5@& d6OR thi BohbRRd beidn6f @vEr,age TG

and CE content in a specific class. An equilibrium state of
TG and CE  HL and LPL. Thus as 111ustrated the general movement of particles within a class is

down the size isobar in the absence of any additional contribution to the average TG

20 and CE content of a particle in a specific class. An equilibrium state of TG and CE
content within a particle class can only be maintained by the addition of particles
having high triglyceride and low cholesterol content. This requirement is fulfilled by
the new synthesis of such high-TG, low-CE particles by hepatic or peripheral tissue,
consistent with reports from the literature. Further, FIG. 1D illustrates that net

25 triglyceride flux not only contributes to movement along the size isobar, but also
contributes to reclassification of particles by removing enough triglyceride to reduce
the total lipid content of the particle below the bounds of the defined subclass.
Accordingly, triglyceride flux is important to reclassifying particles to smaller particle
classes or subclasses. While reclassification is predominantly to smaller classes,

30 particles can be reclassified “up” or “down” in size depending on factors such as net
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content within a particle class can only be nmaintained by the addition of
particles having high triglyceride and | ow chol esterol content. This

requi r emewo 206/ds6sfli | | ed by the new synthesis of such hipglrAE&osloess2CE
particles by hepatic or peripheral tissue, consistent with reports fromthe
literature. Further, FIG ID illustrates that net triglyceride flux not
only contributes to novenent along the size isobar, but also contributes to

recl assificagbRd G gL, h lt}%gneli’)ictfcﬁ)maﬂguseé?&yﬂes it Sl e CRak@TGeduce t he
total lipid content of 'the particle below the bounds of the defined

subcl ass. Accxmtﬂltnijhgwenﬂlpgmbtﬁemp@eclfel ux is i rrportant to recl assi fy| ng

particles to smal rticle ses Qor sub catlon
is predom nantly #13‘5 slﬂgl uétfat?ﬁ tgggsléawoﬁalf &% geessa§§%§ Oﬁé\hpo&?foéég%%ﬁ@gé 'Jh
"down" in sigg dgidanéitabnT theiaheitfons Whhias sibtleds dfigopgiotdin partickenthe he net

action of various enzynmes that affect the CE and TG content _of. a given
| i popr ofei n hirifcprieat ofg martiglpis SI“Pl%fttPé}t‘%%CUtVHé ob stv5iAl SREReS T3PHFIE Nelibcl ass

of |ipoprot e+ﬂb1&?ér51' c%hﬁeﬁt I 08 duled LEEPLAN SRIBPLAVIR, WAYERL PBlycthdd! n 2

subcl ass of oprotern |p| content “of a artlc eis
subj ect to tdsrmtca:ntlectezisys dlfle meﬁ‘/E’Fthbaa@/hﬁEacﬁ'vp« CEitusyas 1eratddotl@%eec1@1

content increases due to CETP.and SR-Bl act it net eri de
content decrBR¥EReR ok Ppgiclegyithin p clasyis dpyn fi?l%/%/ 'Fﬂ}barThﬁgmaﬁ% Efl? rat ed,

the general gaﬁa@r%wss efn i {/BéFﬂaﬁﬁm‘ﬂbdB‘yﬂleaadﬁitl@ﬁ%fbﬁmdﬁﬁ\/ﬂa%hgh ze isobar.
The mass bal ance of particle class can only be maintained b%)h e addition

of par tiocl estrighyderige thJh)Wt chiodgstererdodtentaithif rrguirpreiss Hbllednthemew Thi s

requi r enent |sfulf|II thesi
particles by SypEhsstsiof sy dlb‘%‘?{ @z?‘&%ﬁ %Eﬁlgs g%ﬁ?&h‘é?)%%?@ Q%?BLQ{ il us}%at’ es
that net tripgig.ae ilﬂl@tritb%aﬂﬁﬁt t9glygerice flukindubEly cotriboies EMbvahengldnge si ze

i sobar, but also contributes to reclassification oPﬁrPairtl cles 5:)’?/ r enovi ng
so nmuch tri gihpaizeiisnbar, foat alspeontibuies tojrplasseiisation pf pAriclaRbHEMQViNESY s | ower

than the boupds, fleidehiup itk BAGLAASI SAEAY S RObNticlelid Mer Bfahdfe bouits b

important to rec yirng partic to smal particle classes or
subcl asges. W¥fired sn‘ec:l:hasﬁcboﬂatgly;mqglycq:rrdedhmmanpdryanttDIsnlai;stfefmgﬂaats@e%

Clch as: met el RSt A Ehe  Atarem A eaereksyRetofat
affect the Ch,ang cHSROMrEAts Qfn KR LRI ‘RBP bﬁ)‘t‘&j\ih”ﬂﬁrsizle dkfond@pch One or
nore bi ol ogi cal processes are identified in the context of the
factors such as net CE and TG flux, and the net action of various enzymes that affect
the CE and TG content of a given lipoprotein particle.
20 ~ Once one or more biological processes are identified in the context of the
methods of the invention, each biological process is mathematically represented. For
example, the computer model can represent a first biological process using a first
mathematical relation and a second biological process using a second mathematical
relation. A mathematical relation typically includes one or more variables, the
25 behavior (e.g., time evolution) of which can be simulated by the computer model.
More particularly, mathematical relations of the computer model can define
interactions among variables describing levels or activities of various biological
components of the biological system as well as levels or activities 6f combinations or
aggregate representations of the various biological components. In addition, variables

30 can represent various stimuli that can be applied to the biological system. The

mathematical model(s) of the computer-executable software code represents the

-17-



met hods of the invention, each biological process is mathematically
represented. For exanple, the conputer nodel can represent a first

bi ol ogi cavopo@messiusi ng a first nmathematical rel ation ot/ m2&800355d0

bi ol ogi cal process using a second mat hematical relation. A mathenati cal
relation typically includes one or nore variables, the behavior (e.g. ,
tinme evolution) of which can be sinulated by the conputer nodel. More
parti cul arl y,dyhmamiebiatogival proedsads relagedad chbiesterohmetabolisthd@he éam afahé ne

i nteractions anpng vari abl es descriping.|levels or activitjes.of various
bi ol ogi cal cdﬁﬁb%ﬁt%{ Buatings gRRiPyg e inglpaE iy a&awélﬁ pagal ﬁ@angalo_r
activities Ofeﬁ%&ms,%é}ﬁ&% QfeAAN51RYRA RN CRFRRANLBH LS ¢ hudidhs, \iTéeNE

bi ol ogi cal cornponents. In addition, variables can répresent various stinmnuli
that can be agphtied, ¢ceblutahgutoinata goupdéd mypst, equatitheofmttwerkatof Bableamdel (s) of
t he conputer-exe ut.abll e soi{% re code represents thedynam c biol ogical -
processed relBEJOBG IOV ¥E &6l netabol i sm The form of the mathemati cal

equati ons enpl oyednRBe ichfbodiigentd, tHe BxBéRAteapeduatiohs el irefiRMddrl agquat i ons,
stochastic differential equations, differential al gebraic equations,

di ff erence equdinpoyriiffercatialiequationsobthgtfarm:coupl ed maps, equations of

net wor ks of Bool ean or fuzzy | ogical I etc. In sone enbodi nents,

t he mat hemati cal equations used in tﬁ%%%:}fgre ordinary differenti al
equations of the form where x is an N dinensional vector whose el enents
represent chavlaet eis &t Ndimefsidrabvduitalvdgise alemeotspopresens cledfradtéristisysfthey t i s
time, dx/dt i,s the rate of ch e of x,p.is gn Mdinensional s of system
bar amet df s, AMRIPECALEMTRGEREAT Mg iPasHE et S hs TR AL Mo 4ot

among bi ol 09'M@im_&@dﬁérﬁxbk&%fsﬂrs’i’erﬁ’@@rain’é&lrﬁEﬁdﬂ}’ﬁ%!ﬂﬂeticfnﬂﬁa%?@%&s@hé are used
to represent intrinsic characteristics (e.g., genetic factors) as well as
ext ernal charcaotpdex isteraptionpamong kinloigiagh ks, Inapeamplenteptatignighe| ogi cal

system I n sone_enbodi nent t he enot vpe, c . mat henpt i.cal | ef i ned by
The. val ues oy areoed vofepes AR B A0 efich Tt 80 BRI E b et oF
mat hemat i cal lag exfeanil thabcteridize (4.£ aénvirdh@htal factorg)ffot Biotipinabsyemat i on usi ng
a conputer determ nes, for exanple, the tinme evol ution of_ the biological

vari abl 85 x( and hBnhwmesrbedimpiis,thapmobme cphbrnBwismataly dafingd by the
representati Qaf,Qhrk Ufd PaPh Bl BhndP 'CIRESPBENAVSe SAHPHAM it hARARRRER 2

specified, numerical integration of the above equation using a computer determines,
for example, the time evolution of the biological variables x(¢) and hence the
evolution of the phenotype over time.

20 The representations of the biological processes are combined to generate a
model of cholesterol metabolism. Generation of models of biological systems are
described, for example, in U.S. Patent Nos. 5,657,255 and 5,808,918, entitled
“Hierarchical Biological Modeling System and Method”; U.S. Patent No. 5,914,891,
entitled “System and Method for Simulating Operation of Biochemical Systems”;

25 U.S. Patent No. 5,930,154, entitled “Computer-based System and Methods for
Information Storage, Modeling and Simulation of Complex Systems Organized in
Discrete Compartments in Time and Space”; U.S. Patent No. 6,051,029, entitled
“Method of Generating a Display for a Dynamic Simulation Model Utilizing Node
and Link Representations”; U.S. Patent No. 6,069,629, entitled ‘“Method of Providing

30 Access to Object Parameters Within a Simulation Model”; U.S. Patent No. 6,078,739,
entitled “A Method of Managing Objects and Parameter Values Associated With the
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nodel of chol esterol netabolism Generation of nodels of biological systens
are described, for exanple, in U S Patent Nos. 5,657,255 and 5, 808, 918,
entitl ed whizesearseiziical Bi ol ogi cal Mdel i ng System and Methmad?005/045520 Pat ent
No. 5,914,891, entitled "System and Method for Sinulating Operation of

Bi ochem cal Systens"; U S. Patent No. 5,930,1 54, entitled "Conputer-based
System and Met hods for Information Storage, Mdeling and Sinul ati on of

Conpl ex Syst iz i ' R [ [ d e U S,
paront No 6Ok BRin il g NEFLS (8P IR s b347) dBA IMBARAcE
Dynam ¢ Si muGehér@tind\wD&playtHdriadb yigmiio Sendatibnl Molel RétfliziseNodd amanlsink U, S.

Pat ent No. 6,069, 629, e”ntitled "Met hod of .Providi ngR@ccgss 1o C‘@l ct

Par anet ers \WREPfieseniationn; (La% i Appligatien Publigaton Ngt 20010032008, ¢njisled 3¥le itled
"A Met hod of ' J PRL PRSIt i Gi g%epc(\% Wer-

t heoj ect s V\?’%ﬁgﬁ&é&gf ?rau?lcgﬁig% JE‘I&E; U.%tlogg?%éﬁ%ﬁw&% 9, 347? entitled
"Met hod sof GBasdayistem Mol parslyPEH pulalicakiom W @ 9S24 HenttedViai Methad ofi zi ng

Node "and Li nk, Repr.es ations": U S. . | i,catipn Publication, No.

20010032068, Kigretpring Jahih phden ‘”‘aﬁ%‘“ﬁi‘}b‘g‘ﬂ‘z{)ﬁ t SPe BNy Yhek e

Si mul ati on Op&ihBihb® Rsteitlate the iMieradidegMestrided bies@tbiSsicenprbsieto formnd PCT

publication WO 99/27443, entitled "A Method of Monitori ng Val ues within a
14

Si nul ati on Mygdel'capatie of eiprlatingichelesiprol mgabalizs biyindeding ReBpagide t he

i nteractions  describhed. : i i . £apabl e

of simulati nSY% 6fseasq%g}p§%{ﬂﬁngt%gglglnl%s&r%hg6§ I 8@%1(3%?%313%3); H%%rlrltﬁgg@g(ﬁhlydﬁam Cs

and | i piod fl bahde folnel imackehl subjeet. model is capable of sinmulating the lipid

bal ance found in a_real_ subject. The nethod a éfv%ﬂ& her conpri se nethods
ﬂ?ﬁe{‘]’ I' 1.

for validating theheanphedrcandedies compess BeGO VA1CaEEE the " the
met hods can H&ﬁ%ﬂ%@s&n‘%@fh@ﬁeln{‘%@ eﬁérﬂ%ﬂ'e%@%emo% QeH fRludelebhdriMitigea associ at ed
met abo an

wi th cholestero t Ismin an mal , and conparing the sinul ated
bi ol ogi cal asimmilded biokigidal attriturte esspcinatdil mgthrabblestend endtahellisi io ah apimalj but e

measured in a pormal. or. di.seased .animal. The result of this ¢ [ison in
conbi nati on 9&1‘{]‘??%?‘?6\% t%ﬂ%@%e%ﬂg)ﬁcﬁi ?ﬁr-é%uﬁ%vﬁﬁgﬁf’w%oggl r%gr;%@%f t he
model, ar Mok afthiButs fRbsired i LRG0 is@sPddERt Taksuledfahisonshi p
wi thin the nodel, which inproves the overall fidelity of the nodel. D

Conput er Modedmpasisotifesbiaptinm with kpown dynamic constraints may confirm some part
of the model, or may point the user to a change of a mathematical relationship within

the model, which improves the overall fidelity of the model.

20 D. Computer Models of Cholesterol Metabolism
Provided herein are models, useful for, among other things, modeling

cholesterol metabolic pathways in animals. In some embodiments, the models are
computer models that simulate cholesterol metabolism in an animal. In other
embodiments, mathematical models are used to describe processes affecting

25 cholesterol metabolism. For example, computer models can be formed by combining
biological processes associated with different biological domains, e.g., the lipoprotein
particle domain and the lipid molecule domain, that affect cholesterol metabolism in
an animal. The mathematical models can be formed by identifying mathematical
relations among the biological variable associated with one or more of the biological

30 processes associated with the lipoprotein particle domain and/or the lipid molecule
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Provi ded herein are nodels, useful for, anong other things, nodeling

chol esterol netabolic pathways in aninmals. In sone enbodi nents, the nodels
are conpuverossn@elss t hat sinul ate chol esterol netabol i swcirrusasvsamssoml . | n
ot her enbodi nents, mathematical nodels are used to describe processes
affecting chol esterol netabolism For exanple, conputer nodels can be
formed by conbi ni ng biol ogi cal processes associated with different

bi ol ogi cal d i-ns. .e.g. ... i I j i Y inid
nol ecul e dorrg&ﬁ?mtaﬁgfmggr? télg]&g éo‘f)aglgetsgé §+ﬁ}lrf£16&§'ﬂli)eg§'! ﬁ%ﬁ@lgﬁd?ﬂ@%ﬁ?ﬁ%@
mat hemat i cal medslisincan be forned by identifying mathematical relations

anong the biol ogical variable associated with one or re of the . bjological
processes associ af Bgmgihods phéevelopg e I%X%qu%?r(é %%lﬁmaé?ﬁ‘? dtahqu i pid
nmol ecul edonaj ' ' | hebebXPeof

associ at ed%@K%gﬂ%%dggfgg{l%%{e%?g%%?@é#pd&?'ﬁ%u%tnﬁlggégggf @‘ée\r}el opi ng nodel s of
chol est er ol olgtethaacts of ebsbmdyddclatoy sumbgr dfparseters.dn gedes taperfammmdel t hat

may i nclude hundreds, or..even thousands qf.objects,.eac f which may

i ncl ude a nyﬁtg%q?“%f Wbatr'lg_rr%?aial%s H?m%'f‘B‘é‘?“?‘l‘%’“p'h?‘f%rrlmse}??@éf“u PESSFRLL - 1

anal yses usi pigsefveth&pat | MiesBTdeHain kby berathefidipridrQo pegeSsanasdf observe the

i nput values of certain key paraneters prior to performance of a sinulation

oper ation, asithudtion operatiph apdiatsoqioseblydo ebsepa owpytyakues fr thesekey key

paraneters a h 0 usi f n t] rgﬁ{&/ S are

i ncluded in %?{élngtfgsr%gﬂéﬁ (és)orrll%{c?fts?mé)zgﬁ%r% %P%Pa Z{g é}égﬂ?,n ﬁgare a%r?%g@%&{get ween
t wo objfct s, imtheedsksionafy ard &0 affeced by aaxhtionshicbettvaemtwissotgess,er s at

either end of such a relationship, For exanple, a mqdele wish to

exam ne par amedelesmay also agetiorsraming rtpipfarameters @b Fiher e’&‘i)f”g*%’%hﬁas on a
number of ot RgkiAMiE Ciciex gle‘% RROJIBRF AAF WeEStolR@hirtfagdrhters Mat 8hdch tRe O

t hese other objects upon the specific object. Conplex nodels are also often
br oken down efitats aspegdicarhjeat haudn anaeber of etlichebjects, ang adsof paremeterfsélatur es or

nmerely by the del er..s. cqonvention.. It is accordingly often useful.for the
nodel er si rruFRegﬁﬁglEfs‘?fgﬁcfs q&'eéﬁlot}}?f ahipels upy %‘ﬁﬁ?%cﬂﬁgg%ﬁaaﬁﬂggkﬁr?ﬁe}f %e
speci fi subaR®Efkn brbken 86kh Hftaalsyaem of sitiinddas adthesusinnidfiveat Gdnlys éhe
fact that the boundaries of a sub nodel may not be mutual |y exclusive with

respect to paeeiebeths medeler's cangntignelt paacadrtngly oiign usspd dor thamegdpler
sub- model s. L:l%'r{u‘itgﬁédus&% vpew&qa’tédsﬁar%etgﬁ RoARARH Svithin a specific sub-model.
‘ The satisfaction of this need is complicated by the fact that the boundaries of a sub-
model may not be mutually exclusive with respect to parameters, i.e., a single
20 parameter may appear in many sub-models. Further, the boundaries of sub-models
often change as the model evolves.
The created computer model represents biological processes at multiple levels
and then evaluates the effect of the biological processes on biological processes across
all levels. Thus, the created computer model provides a multi-variable view of a
25 biological system. The created computer model also provides cross-disciplinary
observations through synthesis of information from two or more disciplines into a
single computer model or through linking two computer models that represent
different disciplines.
An exemplary computer model reflects a particular biological system, and
30 anatomical factors relevant to issues to be explored by the computer model. The level

of detail incorporated into the model is often dictated by a particular intended use of
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often change as the nodel evolves. The created conputer nodel represents
bi ol ogi cal processes at multiple I evels and then eval uates the effect of

t he bi ol oyoeads/gesaeesses on bi ol ogi cal processes across palrhusb@smis20 Thus,
the created computer nodel provides a multi-variable view of a biological
system The created conmputer nodel al so provides cross-disciplinary
observations through synthesis of information fromtwo or nore disciplines

into a singlg conputer d Qr_thrqugh 1inki : l:s. t hat
represent di &F8?‘3‘5”%@???5%%8%@&%’%@8%%‘%@%8%# g@g@ ng%}g{te&?%f 'élget s a
particul ar béRleGICETP, DYieh 0ptrarnd a iticliilat Rivell dakefor, thelsebaeiiulat tevebemes t o

be explored by the conmputer nodel, The | evel of detail ipcorporated into
the nodel i sowepethedpwesiee! ol deailepraseniedin tﬁﬁ?’é’ﬁﬂ’edﬂl?sségﬁf?]'ﬂ“‘ﬁ‘éli%’ﬁ ut er

model . For e; | j ~ (KAl W Ra, n®tdns. t he enzyne
CETP, often ?éggl?g ’gog%xggggﬂgg%(ﬁq %ngrﬂﬁ éﬁ/ezlfst&%'tc Eesfg ore, thépsubcsél | ul ar
| evel can occhemicdllyaehavive sioléales| amalf sutiedlildr orggmedese Rimdaily, thérmodeldeh. The

bcel  ul ar | i ncl udes, . f | e, .bi ol ogi cal t h DNA,
oA pr of ei BSv A 2L iq pulrsElnRIET 6 MRS o SRR el Ganol | o5
Simlarly, t{goRRIShisRMBARUSYA MatvidhaPbioldpecalbystdnt, @ . Wlsaigld Ruedn, ia 9.

hepatic tissue, or even at the |evel of a whole organism Because an
i ndi vi dual béwhmgh entity of sntenest veithytespecs torthe eltimataaticqt of theduptagigalent i ty of

interest with respect.to the yltimate effect of th [ i : ents,
the i ndi vi duimRTS, 8594%@%%"&%91?%‘9%.”?&‘5 & B dT GnfiaGh Y 65t of OREN
clinical outg@b®fds)iistht AighBstabes teprésested iitticegstaneDiseasetpiecesyestndn D sease
processes and therapeutic interventjons are int ro%@g into the nodel .

t hrough chan$emppyiqiateaaRtiensargintrosiesd ings, e godg) ¢ ichrRgses IHPATRBREE bei ng
changed as aatggt?/glj feval v%iﬂpélﬁxiiba? cotngy Féin% @ﬁ’aﬁ%@@ as A7esORBPEBS foWer level
representing disease €éffects by directly €thanging the clinical outcone

vari abl es. | changes, asppposehtoatpesentiag diseasei effectsbgeliienty cduhgingrthe ¢lsnicaded to
provi de a conputer nmpgel, e.g., as described in U S. Pat. No. 5,657,255,

i ssued Aug. 99COMOYHFIANGSt | ed " Hi erarchi cal Biol ogi cal Mdeling System and

'Vﬁt hod"ss U.S. Pat 1n R impl SRGualib8; silnhbitidf HMIiR%EDﬁVQL@_Q& used td pdvide a
i erarchical Biological Mdeling Systemand Method"; U S. Pat. No.
6, 051, 029, i ewupwterAppdel,lqg., Z0dFecrihedtin &6S. At o P.0X7. 238nispuad Ang. 12, 1997,
titled "Hierarchical Biological Modeling System and Method"; U.S. Pat. No.
5,808,918, issued Sep. 15, 1998, titled "Hierarchical Biological Modeling System and
Method"; U.S. Pat. No. 6,051,029, issued Apr. 18, 2000, titled "Method of Generating
20 a Display for a Dynamic Simulation Model Utilizing Node and Link
Representations"; U.S. Pat. No. 6,539,347, issued Mar. 25, 2003, titled "Method of
Generating a Display For a Dynamic Simulation Model Utilizing Node and Link
Representations"; U.S. Pat. No. 6,078,739, issued Jan. 25, 2000, titled "A Method of
Managing Objects and Parameter Values Associated With the Objects Within a
25 Simulation Model"; and U.S. Pat. No. 6,069,629, issued May 30, 2000, titled "Method
of Providing Access to Object Parameters Within a Simulation Model". An example
of simulation modeling software is found in U.S. Pat. No. 6,078,739.
Various diagrams can be used to illustrate the dynamic relationships among
the elements of the phenotype. Examples of suitable diagrams include Effect and

30 Summary Diagrams. See, e.g., U.S. Patent No. 6,862,561, entitled “Method and
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a Display for a Dynam c Sinulation Mdel Utilizing Node and Link
Representations”; U S. Pat. No. 6,539,347, issued Mar. 25, 2003, titled
"Met hod oloGeswarsadsing a Di spl ay For a Dynani ¢ Sinul ati orcivhidedosioissbe zi ng
Node and Link Representations”; U S. Pat. No. 6,078,739, issued Jan. 25,
2000, titled "A Method of Managi ng Qbjects and Paraneter Val ues Associ ated
Wth the bjects Wthin a Sinulation Mdel"; and U.S. Pat. No. 6,069, 629,

i ssued May 30Apz0a0s fariGdnguhterNdodabing affoidt’s Whaidingostre ebwhich iObfeporated
Parameters Withi.n a Sinulation Mdel". An exanple of sinulation nodeling
software is fRoaeAOYACKTECpat . No. 6,078, 739. Various diagrans can be used

to illustrate the gy FHECDIa8ta tAY ASuAREPIGehiaBoR bEMR MdHeDéquatiéns and
phenot ype. Exanpl es of suitable diagrans include Effect and Surmar)é

Di agr ams. Seei]lustraje theidygamizarelafionshieps amapgihseglementsof thegthengips i G.

andAppar at us £.0r ut er i Jolnt " i i IS

i ncor por gt ed %lg%a}?%s nyex?’]é?%é? %ﬁatlrzl eEf}ge ﬁDé%%}é’tmahgg} %%%géil%&g@?g&%ri (S&Et}gl%ﬂd

r eIor esent ﬁt i Oﬂﬂiggfceﬂhle(hmﬂxbhtdaqu@éaicb partiatectlass ivusiniptted drdeplotyedaatieach time

rel ati onshi ps anong. the el enents of the phenatype. FIG 2 il]ustrates an
exanpl e of anPeERYEEMEE sPRlaHEN.| Fﬁh%ff%?}‘ a’E‘HBP@?P’éP‘BPnt%?(Oé‘PJef’GE) and
triglyceride ﬂé‘rhgr i I i d plotted at
each time poi %gggoulﬁ?%ggwg?%}ufati oﬁ%é?ﬁgéﬁ?‘?éﬁéﬁnggﬁg%?g&g?ggn| zed into
modul es, or fphysiolagyaif the plamptyphibeingwieielegr ouped t oget her represent the

| arge conpl hysi.ol f the phenot bei del ed. The S :
D ooy amiBan ot v oohe SHwah DRt o De RS R R B PR ! e
met hods and npdgdisd Fahe Hdafds BRd Rlodels dedcriB¥@iEeR. rtohex@ﬂ;]sm,ahysana@wm

illustrated in FIG 3 provides an overview of chol esterol transport

pat hways t hat Disgrenafliustrated ioF s errovidpsanseysrviswhof Thelesterehinanspost Rathaiaye an
al so provide }in I Adi Vi uJ).e f Wﬂ T findel
the rel evant 4(}:18%%%ﬁg%f{s&g;e%tegég%ﬁ%%ggypZrht%hsru E)rgg% t gér arsneéagfa EBS#%\?% and

“function" nogdaadiwivakembélled dfxhs madel. didein@bhldshnaded thetrblevarg @omponents of

di agrammatic arrow synbols. Thus, the conp|ex and,dynam ¢ mathemati cal
rel ati orf§hi psthF@Pe‘t%@e\fﬁq“ghéheeﬂséﬁénﬁt?egﬁn‘{ g “ﬁl%‘né‘f’ai)se"v]é?sé relatensypre

[ epresent g?efs(gkﬁaggﬁ%ﬁéﬂ fheREL ¥ ABRRRMmatit RrrbW SiBRRN &fhus An& 6:fiRex RRENOL Y pe
dynamic mathematical relationships for the various elements of the phenotype are
easily represented in a user-friendly manner. In this manner, a normal phenotype can
be represented.

20 FIG. 2 illustrates an example of one of the module diagrams depicted in FIG.
3. The module diagram illustrated in FIG. 2 discloses various synthetic, catabolic and
reclassification processes involving ApoB-100 particles. Relevant biological
variables and biological processes for involving ApoB-100 particles are represented
through the use of state and function nodes whose relations are defined through the

25 use of diagrammatic arrow symbols. The use of state nodes, function nodes, and
arrows, permits the representation of the complex and dynamic mathematical
relationships for the various elements of the physiologic system to be displayed in a
user-friendly manner.

State and function nodes show the names of the variables they represent and

30 their location in the model. The arrows and modifiers show the relationship of the

state and function nodes to other nodes within the model. State and function nodes
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FIG 2 illustrates an exanple of one of the nodul e diagrans depicted in
FIG 3. The nodule diagramillustrated in FIG 2 discloses various

synt het i cwocadealseisic and recl assificati on processes i nvelcviusgoodpet2o 100
particles. Relevant biological variables and biol ogical processes for

i nvol ving ApoB- 100 particles are represented through the use of state and
function nodes whose relations are defined through the use of diagrammatic
arrow synbol use. of N j ermts
the.repr esertst Pt oot fnd 4o, HAEk WG S aYSE BT O,
for the variviibRk gieepséit in simuphiydéexperigientss Yis s@ane tmbddimeéntspthaytatt and a
user-friendly manner. State and functjon g}%des SEOWW%ige n s of the
vari abl es t hpctionredss ate raprgsqntrd accprding to A methpd deserded In e PateRbws and
modi fiers shqunbiss gﬁ{,@éd AU fentfn t@@u@%h@gm@,sfsy,mh ePwWARHGSe &itiel her
nodes within the nddel’. State and function nodesal so contain the paraneters
and equat i onMethad ofigenernting atdispdoynfout dyndmicsahuleoromot¢laitiiamgaloleand he

represent in.sinulated.experinents. In ne_.epbodi nent he state d
function no rzﬂ’?s‘?rg?ﬂoé’ée r?f’gcﬂreealgﬁ(gpﬂ’iaﬁé%teﬁel? Egr%lﬁﬁeﬂ%edslzdgéhﬁ PEy l?snoaf?J. S.

Pat ent  Nunbegtatf aR® furfdd8n abdksGee ReMe discuasydl betdyi on 09/ 588, 855, bot h of
which are entitled "Method of generating a displ a% for a dynam ¢ simulation

nodel utilizing ndte nedes tremrpresepied dysingle-berder o TEPLCHREG VHAPMESdB her ei n
by reference, E . t i : her

di scussed be‘ihg\%# Srt%F’gt%l g%élgggéﬁglrugﬂ Péep@ée?rg?\r%gdj ygggél}llﬁ{g}]lagg gl?e er(?féIl tgs and
represemnt vasvenkiheSsée) elgh@16y3) eilmput’ heefarad uryg pahmeter diat earcaftbet themi ned by
the cunul ative, effects of i pputs over ti see, e.g.,.FIG 3). "Input"
refer to any’ ’%&mt’%f‘rg‘éﬂ‘eéfalt"e’é‘f&et h%r %W@B’I IBE'HefPhﬁ_StﬁGdéfiﬁd by the
state node. l%gfesamrg"f&@/ artidRWan bR CEAPSLBYRaflO8Gi ity Rl SREBI kgptoFhRAAly Cl e
can be CETP enzymatic agtlwty or SR-Bl teceptor activity. S’f"ate node

val ues are detaterede vgluds drealetined by difigreatinlosguatidiise Tive euestelinedipgrameterst er s f or

a state node_.include jts.initial.vyalue 0 nd its.status., In sqne
enbodi ment s, f°§f’§1{a 3 %%dﬁégdgci%}t%lé‘%a é{alﬁgﬁé"? ﬂ)lq g? glflf?fs‘t HRDRRY |lrr1’rl§1ﬁ§ s, a
circl e gont aitiieMgdétanavé 8 haAFlide NRdhdse ehbedinnshes, bRatleRdatatifpad “HT fse.
Function nodes are represented by doubl e-border oval s and represent

vari abl es i nattashedstpdhenedathet hagpdad-1de- which, at any point in tine, are
determ ned by | NPELR4i8h nodes are represented by double-border ovals and represent variables

in the system, the values of which, at any point in time, are determined by inputs at

the same point in time. Function nodes are defined by algebraic functions of their

20 inputs. The predefined parameters for a function node include its initial value (Fo)
and its status. Setting the status of a node effects how the value of the node is
determined. The status of a state or function node can be: 1) Computed--the value is
calculated as a result of its inputs; 2) Specified-Locked--the value is held constant
over time; and, 3) Specified Data--the value varies with time according to predefined

25 data points. Function node equations are computed by evaluating the specified
function of the values of the nodes with arrows pointing into the function node
(arguments). See, e.g., U.S. Patent No. 6,862,561, entitled “Method and Apparatus
for Computer Modeling a Joint”, the disclosure of which is incorporated herein by
reference, for a discussion of the computation of function node equations.

30 State and function nodes can appear more than once in the module diagram as

alias nodes. Alias nodes are indicated by one or more dots (see, e.g., state node
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the sanme point in time. Function nodes are defined by al gebraic functions
of their inputs. The predefined paraneters for a function node include its
initial wabueogde®)siand its status. Setting the status ofca/useasoesstect s how
the value of the node is determ ned. The status of a state or function node
can be: 1) Conputed-the value is calculated as a result of its inputs; 2)
Speci fi ed- Locked-the value is held constant over tine; and, 3) Specified

Dat a-t he val rj es,w.t i ccarding.t redef i Lnts.
Function nodgﬁgyrgftaftbcﬁ%s 3 é&(‘:gerrpss?tg&n‘gkngc\}lé)gt?gflfsnagrefa ﬁgqgglgéc%yﬁglél?f uncti on
of the val uesostfon] WethRepes twatrbwa ahd¥hePtodes, a8 Geingteithéwufsemotien(s) bode
(argunents). See, e. U S. Patent No. 6,862,561, entitled "Method and

Appar at us f ofrashig ZT) NERRESq BRflenarpdpepted at lﬂl‘f‘etaﬂi Qe addpreghnades P
| ncor por at eglogﬁéfhﬂhpﬁeiﬁé?gﬁg&g’ IaTB?és @An Bk SE ARSI Ractive ! BE:, ¢! Sapdian of

function node equati ons. e and function nodes can appéal” more than once
i n the sodul ¥o.d,s6R, 561, astitidd ‘Aethodl@sl Apparates fovsnprte Modklingtaddinty; theme or

nore dots {see, e.dg. tate nodeVLDLI Particles in Fl 3).. State and -
Function nod‘gé‘ﬂ%ﬁuée %ﬁ‘é’glcgé‘-’r infergored hezsip E’ESG?JF’E@P%?OW &ﬁa}%‘%@% %o arrows
and ot her nogdgsmutfARnd SlalB oFlalshRE nGeUr ce nodes (S) or target nodes (T).
Source nodes are located at the tails of arrows and target nodes are

| ocated at ‘the heAtowsfinksewes nodisdetargainodes aadrenresent thempathematicalsee, e. g.
TSR Mo by el

Modeling a J i'ncor por a erei

referenge, faftivatydf SRUsHwWONA Ry tdide anifatictkiiD e ciichs isloodtedirsthatipperode.
Arrows |link source nodes to target nodes and represent the mathemati_cal
rel ati onshi pleBeomesat each EifgeRiagem olfemamewhead wiseliddhaetiert &s pesttes: dhat

ndicat et heqRghbivhtad ShohlBF, LAY ig?&gﬁv%@mnﬂ&%ggggﬁ%fhﬁomﬁpési reles

is located in upper t’ corner eac fect Da f an arrowhead
is solid, thareftkeaictesstigasantiamew dquatidrs, seer oahBa8l Ragenhdlol 6)802,608 ef fect i s

negative. For further desqgrjption of arrow arrow characteristics,
and arrow eqffttedn v,eﬂ“égé"%eg.‘ aratyy igr Compu(T %%ﬁ%g %é@?gG%eadésﬁquﬁee " Met hod
and Appgr at UghfcRls fredipbiatdd MrelgibyRefefend@i Nt ", the disclosure of which is
i ncorporated herein by reference. Metabolismof chol esterol involves two

di stinct domai ns: Métghwhisn afi cholssterdl invedves heie distinet| domains: Hipeprpigity partelesi| ar
transport of thgy ggziﬂ?aqg iecmtlrzil aisc(:juﬁarl%reatn\é\}’)eo?pofqle}}a%pih%bl%rl%ids between hepatic and
peripheral tissues, and the lipid molecules themselves. Lipoprotein particles consist
of two major classes: apoB-100 particles synthesized and secreted by the liver,
20 including very low-density lipoproteins (VLDL), intermediate density lipoproteins
(IDL), and low-density lipoproteins (LDL); and apoA particles, also called high-
density lipoproteins (HDL). Lipid molecules include free and esterified cholesterol
(FC and CE, respectively) and triglycerides (TG), which are packaged by the liver
into lipoprotein particles. Lipoprotein particles are secreted by the liver into the
25 bloodstream, once in the bloodstream they can be acted upon by peripheral tissue
enzymes that remove TG and CE. Particle remnants are subsequently catabolized by
specific receptors and degraded, typically in the liver. These enzymatic and receptor-
mediated changes affect the particle number, size, and classification, as well as the
concentration of lipids intravascularly and in tissues.
30 The lipid molecule domain relates to the flux of lipid between various

biologiéal compartments and lipoprotein particles. Lipid molecules can be described
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peri pheral tissues, and the lipid nolecules thenselves. Lipoprotein
particles consist of two najor classes: apoB-100 particles synthesized and
secr et ed wp 2dweboster, including very | owdensity |i poprotraispasoyasel) ,
internedi ate density lipoproteins (IDL), and | owdensity |ipoproteins
(LDL); and apoA particles, also called highdensity |ipoproteins (HDL).

Li pid nol ecul es include free and esterified cholesterol (FC and CE,

respectively) and triglyceri ' \ Dy Lver into
| i poprotein %é’ﬂr?%l%é‘%l ?%)lélpog%tso g?%%gﬁ?%ﬁg@?g@%@f@?&ﬁ %Vte{]ﬁ(e)}eﬂ’ver into
t he bl oodst rigsproteinGartidies) fiethb kanaisdor @d thetbody indudihe thrairedlatipo (pebpheral

peri pheral tjssue enzynes that renove TG and article remmants are

.. P
subsequent | yIRIGSWEE) é@i_ﬁBQalscﬁ@é’P‘ft’i“EmPé@é‘ﬁ‘?ﬁ)‘ﬁ’s%%alﬁateﬂ’ég‘f”é er-8@pi cal |y in
the |iver. Eﬂ?egﬁlaﬁgﬁégg%g Entf B REBR LA ggsib@hﬁmd%&%n&%%ﬁet._ect the particle

nunber, size, Ication, as well as the concentration of I|ipids
i ntravascul arly afd efffiectiveds capsure Theecomplexdintarbations betvormihe lipepwtas to t he

flux of |ipid between. various .hi ol.ogical conpart ts and |i rotein
bar ti ol es. " LERGE HomaE e AR i g G ForpERBe B ErPPRetIRE En one o
three conpargigRBicai plob&sés tHRfoctERBbICddnhalfY. TFiieBé Bidlogiddl pRIZEGES N
particles, or the remai nder of the body incl udi ngl the circul ation

(peri pher al incqrperate enresgmpongaistin dneivo pathpays widerlyingdipaprotin particlfol est er ol
upt ake (e.g._an int inal rt : cref n al Lacl uded
B the rodei M by Bbi B ERR Aot HectroRETi iR Runl & Skl G
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chol estigrol  sRhaPRkiaBHNd disbidalst LY., MtbaRky ShEEssael aiinaR! Tonffaeissmdel s can
sinmul ate perturbations in cholesterol netabolismin response to dietary

changes, t hebeiyeen the magelstcsn bersedpEiricgampleotoqupdict the Epoprpisinpatielay and
SLSS?ZS?C?"];%@EE a&%ﬁﬂ% é”:lﬁj%ggf—o??% ?@@%ﬂltﬁyserg&dcﬁge%s%iggls.umr usQy exanpl e,
include, but are not limited to, comparing the effect of various therapeutic agents on
the lipoprotein particle profile and plasma lipid profile in healthy versus diseased
20 animals. Comparison with clinical data can be used to fine-tune the core components
of the computer models.
Any number of biological processes associated with cholesterol metabolism
can be incorporated into the methods and models described herein. In addition,
additional processes can be incorporated into the existing models. FIG. 3 depicts a
25 number of “state” nodes that link to modules that model biological variables and
processes that can affect cholesterol metabolism: 1) dietary cholesterol transport
(cholesterol intake); 2) hepatic lipid stores; 3) ApoB-100 particles; 4) hepatic
enzymes and receptors; 5) ApoB-100 particle remodeling; 6) CETP activity; 7) HDL
particle remodeling; 8) HDL particlés, 9) peripheral enzymes and receptors; 10)
30 peripheral lipid stores and, 11) clinical measures. Modules depicting the processes

modeled for each of the listed state nodes are illustrated in FIGS. 4-14.
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profile and plasma lipid profile in healthy versus di seased aninmals. O her
uses include, but are not limted to, conparing the effect of various

t her apeutwo 2a@awtas1on the |i poprotein particle profil e aod/yshasmesske pi d
profile in healthy versus di seased animals. Conparison with clinical data
can be used to fine-tune the core conponents of the conputer nodels. Any
nunber of bi ol ogi cal processes associated with chol esterol netabolism can

be incorporated intaq the e er tion,
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particles are synthesized in the liver, packaged and secreted into the
bl oodst r eam vaFiess pregesses apived adthe natab@snvoﬂbgwnaﬁe@ewn@oth the hepatic and

peripheral tissue compartments.
As illustrated in FIG. 4, VLDL, IDL and LDL particles are linked in a

continuous metabolic cascade in which lipid (mainly triglyceride) can be added or lost

20 in a series of small lipolytic steps. VLDL, IDL and LDL are synthesized and secreted
continuously by the liver. Lipoprotein assembly is initiated by the addition of lipid to
the growing apoB chain in the rough endoplasmic reticulum. More lipid, principally
triglyceride, is added to nascent particles as they pass along the secretory pathway
(see, e.g., Packard and Shepherd, 1997, supra, and references cited within).

25 Additional biological variables and processes affecting the synthesis, catabolism and
remodeling of VLDL, IDL and LDL particles are illustrated in FIGS. 5A-5C.

ApoB-100 particles .can be fractionated into three major classes, i.e., VLDL,

IDL, and LDL. The three major classes can be fractioned into additional classes
defined by their size. VLDL particles vary in size from about 350 angstroms to 700

30 angstroms diameter. Most of the difference in size is due to the triglyceride core.

Within the 350 angstroms to 700 angstroms diameter range, two or three additional
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vari ous processes involved in the catabolismof these particles in both the
hepati ¢ and peri pheral tissue conpartnents. As illustrated in FIG 4, VLD,
| DL and LWbD 2pevdssashes are |inked in a continuous netabolpre/usaesads20 n whi ch
lipid (mainly triglyceride) can be added or lost in a series of small

|i polytic steps. VLDL, IDL and LDL are synthesized and secreted
continuously by the liver. Lipoprotein assembly is initiated by the
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action of LPL, HL, and SR-B1. These enzymes alter the TG and CE content of each

particle and, hence, contribute to changes in particle size as previously described.
20 Modules, in which the overall action of enzymes are combined into a net CE and net
TG flux affecting each particle class separately are depicted in FIGs. 8A-8C (“Net CE
Flux” and “Net TG Flux”). These fluxes affect the average CE and TG content of
each particle class from the equilibrium values (“Avg CE adjust — remodel”). Large
particles are thus reclassified into small ones or vice versa (“Avg CE Adjust — reclass
25 up”and “Avg CE Adjust — reclass down”).

The apoB-100 particle lipoprotein composition for a reference virtual patient
can be determined by analyzing and integrating data from literature reports or
experimental protocols. Values are compiled for each particle class for the following
parameters: 1) CE and TG per particle; 2) rates of hepatic synthesis and catabolism; 3)

30 number of particles. In homeostatic situations, e.g. following an overnight fast, CE

and FC are considered to be equivalent due to the relatively fast dynamics of
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various enzymatic activity on the flux of |ipids between the various
particles and how changes in lipid content affect the reclassification of

t hese parwoch&mesdRecl assification and renopdel i ng of apoBetAB2@amtisedes is
carried out by the action of LPL, HL, and SR-Bl. These enzynes alter the TG
and CE content of each particle and, hence, contribute to changes in
particle size as previously described. Mdules, in which the overall action
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FC obtained from peripheral tissues into CE that is incorporated into nascent, or
“lipid-poor” HDL. HDL particles are classified as lipid-poor (smallest), HDL-3,

20 HDL-2, and HDL-1 (largest). The process of HDL formation is represented in the in
FIG. 2. The model tracks the state variable CE/particle for HDL classes in a fashion
similar to the apoB-100 particles. Equilibrium values for HDL particle compositions,
catabolism rate, and number can be obtained by integrating reports from the literature.

FIG. 6A illustrates biological processes and variables that affect lipid fluxes

25 involved in hepatic feedback mechanisms. FIG. 6A illustrates feedback systems that
regulate hepatic synthesis, secretion and catabolism of lipoprotein particles. In the
embodiment illustrated in FIG. 6A, the lipid content of newly synthesized particles
can be different than the average particle lipid content. Sensors of hepatic TG
synthesis directly modulate apoB-100 particle synthesis rate and distribution between

30 particle classes. Sensors of intrahepatic cholesterol stores modulate apoB-100 particle

synthesis and apoB-100 and HDL particle catabolism by modulating the hepatic
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| i poprotein (HDL) particles. HDL particles are defined by the presence of
one or nore nol ecul es of apoA per particle. Like apoB-100 particles, HDL
parti cl esweneiqoaposed of varying ratios of TG CE, FC, pamadsBhs/olpisto ar e
formed through the action of the plasma enzyne | ecithin-chol esterol
acetyltransferase (LCAT), which esterifies FC obtained from peri pheral
tissues into CE that is incorporated into nascent, or "lipid-poor" HDL. HDL
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activity of classinto the hepatic or peripheral stores (FIG. 9A) is summed for each particle class
(FIGS. 9B-9C) and the peripheral or hepatic stores of TG and CE are adjusted
20 accordingly.
FIGS. 11A-11B depict modules that model the activity of cholesterol ester
transfer protein (CETP). CETP is a plasma enzyme crucial for the “reverse
cholesterol transport” from the periphery to the hepatic compartment. CETP
facilitates the net exchange of CE in HDL particles for TG in apoB-100 particles.
25 Hepatic catabolism of apoB-100 particles subsequently results in the removal of
cholesterol from the bloodstream. In this embodiment, CETP is considered to remove
CE only from HDL-1 and HDL-2 particles. A fixed molar exchange ratio is
established for CETP-mediated exchange with each subclass of apoB-100 particle. .
Net fluxes of CE out of HDL and into apoB-100 particle class are determined, and a

30 corresponding TG flux is calculated to achieve the specified molar exchange.
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scavenger receptor B-1 (SR-Bl), which is expressed in peripheral tissues.
The two nodul es taken together represent the action of LPL or HL to renove
trigl ycerwodesos/mws0s8R- Bl to renmove CE. Enzymatic acti on eem/useoosodssb@t ed by
adjusting the value of Function Nodes ("Scale Periph TG Flux", "Scale Hep
TG Flux", "Scale Hep CE Flux" and "Scal e Periph CE Flux"). The net flux of
TG or CE out of each particle class into the hepatic or peripheral stores
(FIG 9A) is su d f partighe - he

peri pheral or hepaeinég‘isqlgggesgngg#éghgb:%ﬁ%rs%ﬁééﬁbhgt%gé%}?ggg%tlh%gl y. FIGS.
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the renoval iofludingldesargiider 6rthemapérgichntenastionsa@ontributons o thertnsalipeehef, CETP

is considered to remyv I ) - | d HDL-2 t.i A fixed
ol st oxchangful FAerataeY chifReataR RehPhrg sRERHELIEne ' sach
subcl ass of R0t bl Beddiff, anll glﬁﬁet@fy &Holatsrol@bufde). Thedbsobel

apoB-100 particle class are determ ned, and a corresponding TG flux is
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components, as well as increased detail in components already modeled. For

example, computer models predicting changes in the steady-state cholesterol balance
20 in dyslipidemic patients with different genetic dysfunctions can be modeled. The
genetic dysfunctions can be known genetic dysfunctions, such as a deficiency of
cholesteryl ester transfer protein (seé, e.g., Barter, et al., Arterioscler Thromb Vasc
Biol, 23: 160-167, 2003). As will be appreciated by a person skilled in the art, newly
discovered genetic defects in cholesterol metabolism can also be modeled using the
25 methods described herein. Similarly, the computer models can incorporate biological
features associated with lipoprotein particle classification, reclassiﬁ\cation, synthesis,
and catabolism.
In other embodiments, computer models of cholesterol metabolism are
described herein. For example, computer models encoded in computer-readable
30 media having computer-readable instructions stored thereon that, upon execution by a

processor, cause the processor to simulate cholesterol metabolism, whether the
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can be renoved fromthe hepatic pool by (1) packaging and synthesis of
| i poprotein particles, (2) conversion into bile and excreted via secretion
i nto the wotestdessh tract, or (3) transport of unconver red/usb@s@sises ol
trapped in the bile into the intestinal tract. The nmethods di scl osed herein
can be used to form conmputer nodel capable of sinulating patient phenotypes
and further can incorporate the addition of new conponents, as well as
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stored the! GolndiabmplBa/LoRX fF i & omglhg&sﬁ@eeessgs%a&dtﬂmogwacessor to

simul ate ch ism whet uctions co se a set of
bi ol ogheal mmcfeem associatedtveith the lipoprokdip patioleeand wéthtthelipd fhlmdartdncokibm d

flux, and defi.ning set of t I | at hi t
i nteraction eg%ﬁﬁtlﬁpﬁlﬁﬂlrﬁﬁg"a ?Pﬁng?i:gg%gu’régl Wég&%ﬁhg’épésﬁ’ﬁgégﬁegggs are

di scl osed. %ﬂg%ﬁa{ts éme%wgl@al%&eg&s CAl 1R§ARB DIAEgitslpro@BieTRM 8@ by t he
mat hemat i cal | at1 onshi ps n ot her enbodi ments, conputer nodels of

chol est er ol tsbgiodl fireeassasaps a%omgeéwcfbrtb@méﬁwméawébﬁénwhtvﬁy capabl e of
storing codes an&;hé & ngr?tgo)%Zc%%r}tlc ltlc%ea sn&}% c6m$%t%10 NBHélﬁfxat sgx%g,?g kﬁmg‘g 0 he

processor config I'ses co

define & setpugdostd. CARGh&ilel RINE BHBLSanMiRtIadeal sdiiof | pge- scaalle wnqmmedels
associated with the Ilpoprotel n particles and with the lip d flux, ]n%tnd code

to define neomening 3 bigpd ranggof Bhysinlpaicsysiemenin Wg‘ltmteﬁ%@ digaa mads

biologi cal o esterol metabolism, the system can include complementary computer models,

such as, for example, epidemiological computer models and pathogen computer
models. For use in healthcare, computer models can be designed to analyze a large

20 number of subjects and therapies. In some instances, the computer models can be
used to create a large number of validated virtual patients and to simulate their
responses to a large number of therapies.

The invention and all of the functional operations described in this

specification can be implemented in digital electronic circuitry, or in computer

25 software, firmware, or hardware, including the structural means disclosed in this
specification and structural equivalents thereof, or in combinations of them. The
invention can be implemented as one or more computer program products, i.e., one or
more computer programs tangibly embodied in an information carrier, e.g., in a
machine readable storage device or in a propagated signal, for execution by, or to

30 control the operation of, data processing apparatus, e.g., a programmable processor, a

computer, or multiple computers. A computer program (also known as a program,
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conponents of the biological processes. At |east two biological processes
fromthe biological processes are associated with the mathenati cal

rel ati onsWopRso6/06k0s$ | nventi on can i nclude a singl e conpecerustmdelssbhat
serves a nunber of purposes. Alternatively, this layer can include a set of
| ar ge- scal e conput er nodel s covering a broad range of physiol ogi cal
systens. In addition to including a nodel of chol esterol. netaboli sm the

b den of ogi A% VR BN, R, b SERIchin A RS e Sbra R |
heal t hcare, langpgt aﬁclﬁmdg lcompHed beincbesre@a eshguagaNaldyir eartbd ngﬁfedm of

subj ects and_ thera n sonme instances, the conputer nodels ¢can be used
to create a f oamgl@cﬁldméns a@rarv&ﬂqrﬁﬂwawr@aam&af% EXPRONEAY SPRFOUTIRRILRL e

their respo n&ﬁ& It QithiRkE 45 dﬁ!:' e EorgﬁutH%eé'fr]@HbﬁrﬁentT? &IprQ aﬁlrtﬂ)e@hbt of

t he functional operations describ In-this speci
i npl ement ed nercesjalg]ytc@hes;ioadtw offile Aipragrarhrcyn bestorad mcamwncarofsxﬂlte\bmte

firmare, |ncIu g the ns disclosed in this
Spect T cat | GG ee o St Brdedieals TS B prhBE B RRE o8 of
them The i nyeRiltipR cearlitRed files RIE MRS tHRABstBR MR or UTrE nfodlRY8b gﬂfg@%@m
products, i.e., ohe or nore conputer programs tangibly enbodi ed i n an

i nf or mat i on Taortians Oféo‘éﬁ) A epreputeraiegramrcan e derlosedtodgeexgaujeden ofe i n a
propagated signal e én%&&%%b%?‘é}g%}r@aartrﬁa %1?e &Ocﬂ&tﬁ%te& Q&‘OQSPI%{IRIE) Oé?te%nd data

processi ng app ra Ssor
mul ti plie Conintar@fnﬁecté‘dbpapumﬁfunwmgﬁaﬁwbﬂ& so known as a program softvvare

sof tware application, or code) n in any formof pr anmi ng
| anguage, i ncl ud.%emre?ﬁ?ﬁwadd?gl? ﬂpw SF@f‘éﬁf }rhthmsfé’éca%@dlqc}u dingihge
depl oyed in R oée{egaeoftgg L G5 %ﬁneegémea'b%%er&% anfifiabile _rmdul e,

conponent, outl ‘unit Suitable’for use | conputi ng
envi ronnment . prAcesmrpnkmutlpg oge; atrmdme&mputerpa@&aatq peyfocmrfoectivondfthe a fil e.

A b t
Gata, | SPRGTSD|BoriE Caran Foa et et utity Bk Prosmetnd AL T i e

coor di nat ed flowe&san(@sobe performes b,k appRht@s GﬂﬁheQﬁvdﬁﬁbﬁ cHPBR NG eméntbd
prograns, or portions of code). A conput er ram can be depl oyed to be

execut ed on asnepesishpurpese logicsircptiys ¢.gl, an EB@M dpragragHpable gate giray) or
di stributed acﬁgfts(a%fléau%%péélﬁ@ﬁqte%?ﬂed a}cqlrltgonnect ed by a comuni cation

net wor K.
Processors suitable for the execution of a computer program include, by way

of example, both general and special purpose microprocessors, and any one or more

20 processors of any kind of digital computer. Generally, a processor will receive
instructions and data from a read only memory or a random access memory or both.
The essential elements of a computer are a processor for executing instructions and
one or more memory devices for storing instructions and data. Generally, a computer
will also include, or be operatively coupled to receive data from or transfer data to, or

25 both, one or more mass storage devices for storing data, e.g., magnetic, magneto
optical disks, or optical disks. Information carriers suitable for embodying computer
program instructions and data include all forms of non volatile memory, including by
way of example semiconductor memory devices, e.g., EPROM, EEPROM, and flash
memory devices; magnetic disks, e.g., internal hard disks or removable disks;

30 magneto optical disks; and CD ROM and DVD-ROM disks. The processor and the

memory can be supplemented by, or incorporated in, special purpose logic circuitry.
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The processes and logic flows described in this specification, including
the nmethod steps of the invention, can be perfornmed by one or nore

pr ogr ammalDe@rB6eEsISor s executi ng one or nore conput er PCOQSaNs/oiz2per f orm
functions of the invention by operating on input data and generating

out put. The processes and logic flows can al so be perforned by, and
apparatus of the invention can be inplenented as, special_ purpose |ogic

circuitry, e.g., —F#IPrlf)B%% o f gl {&&BE%{haJ@PH% ﬂl%rﬁio%réaﬁ%)e.ir?gﬁ Gor 36

(application speci tegra ocessors sui

executi on ofcompesiihaviag apﬁ@g:rwdavmepé gtde x:mry(omxodefayembamir @Cmdtqmlcgener al
and speci al purpose m_Cr opr oces ors y. one or nore ors of any

kind of di giFyital<dispiaw sponitepferdispl ?/ym%’ ?‘@E?é’@%? th yser and q}' o"i‘r M éctions
and data fr 0;{9 Iﬁlrfged%q N, % 6%@%’ o4 trAcKbaN ARV RIER BRSusBER Prodle Rpltio The

essential el'enents of uter are a processor for executing instructions
and onesor nthe eompurer. yOtthex/kmésoifdﬂwcsSOanbﬁgusedm pwoidednsintanactigatveith a -

General |y, t | led ¢
Ceoetve dat 2T for avtenl TeabA O %ire oo veBRaS by MR RN g

devices for tdjat®. H3tisual GeclbackREIRY foed BREUNG tBctP Fde@Bdckflinfkinipufiorapt i cal
di sks. Information carriers suitable for enbodyi ng conputer program

i nst ruct i onsthenser ¢an be reseivedin anyl formyingluding seeustis] weedhe ohig#EYIPYtNC| udi ng

by way of exanpl v PRV and
flash nenory dev:elcw:lieslnl“%l\ceexi%:ille,EiItl Be dﬁr@ E}Pl Xteg%?%‘g&ﬁpgﬁiﬁgﬁysmﬁ Eﬁmwélﬁggor
renovahb e digidcompegeat] Og.om a dah sdmksr thandclﬁﬂbmmcmmv@v&rﬁﬁmaut @, The

processor and the nenory can be SEJ nt ed, by, |ncorpi)rat ed in,
speci al pur psappligafioa S&’l’VFbl&’ir thay i ‘g?é OGECWWH?PG‘Pta6€1’ GUERHCRMPUIRE or | ¢ he

i nvention c SO | [ , a
CRT (cat hodgﬂlrV g‘% d%ﬁ%})ﬁ@%r%éqn@i)falé’equ' d cF?g?‘g%Y}j}?gu aghé%ﬁll%?%?“ n]?@mcg J

di spl ayi ng iwitloemihplementatiothef the érventich, ar Ry twabidationdofsughobarkiend, devi ce,
e.g., a nouse. a trackbal | whi ch. i he user ca rOV|de| ut to the
conput er. @%Waﬁﬁé’rﬁ g‘iﬂf‘i cc?é‘ﬁ’ogﬁl?fs bﬁ‘%g%pql}?n% g\/lf)as Steft} can %er action

W th a,yser 1ﬁ€er<y&héeted Q{a@(ﬁml(ﬁmédﬂﬁﬁlbﬁﬁllgltﬂrdh‘fd eeinteicithm, lggha can be any
form of sensory feedb vi sual feedback, auditory feedback or

tactile f eeon@aukumeamnm@markf Eeamples of capmynigation nebwarks deFlpds alrgalaisam
neluding_ aciibiGT ARG A o Qlad AE hdRol P ANTIE o) CRIRY, can be

i npl emrented Th rrput ng sys
The computing system can include clients and servers. A client and server are

generally remote from each other and typically interact through a communication
20 network. The relationship of client and server arises by virtue of computer programs
running on the respective computers and having a client-server relationship to each

other.

E. Simulating Cholesterol Metabolism
25 The invention also provides methods of simulating cholesterol metabolism in
an animal, said method comprises executing a computer model of cholesterol
metabolism as described above. Methods of simulating cholesterol metabolism can
further comprise applying a virtual protocol to the computer model to generate set of
outputs represent a phenotype of the biological system. The phenotype can represent
30 a normal state or a diseased state. In certain implementations, the methods can further

include accepting user input specifying one or more parameters or variables
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end conponent, e.g., as a data server, or that includes a m ddl eware
conponent, e.g., an application server, or that includes a front end
conponentwoeo@/ossw1cl i ent conmputer having a graphi cal uger/uspdsnisee or a
Wb browser through which a user can interact with an inplenentation of the
i nvention, or any conbination of such back end, m ddleware, or front end
conponents. The conponents of the system can be interconnected by any form

or medi um of , i i L Plyit 3h& o ABFMLRBHAR ia@r&entaﬁoxﬁ%m% EalcL @Ry fhet wor k.

Exanpl es of communi cation networks 1nclude a |ocal "area network ("LAN') and
a W de ar ea coetpatarimddel\dNEferabdy,ghe usehepuhcanprates a afnitiomplia ivirtpab patieatn can
I ncl ude cli entseﬁnd. Servers. Il ent and server are generally renote from

cl
each other @ ¢ Bi“c?&qu@q\"mgﬁé’é?tof rough a communi cation network. The

relationship of chifMg ABLomBatLI0AE] pEESucYa YitloF YBtpats fEPIPIdlRical BRGNS
runni ng on the respective conputers and having a client-server relationship

t o eachs ot haepresenteg bithgcpmgutehaiodels dihglsetaftoabnnty waieTens oppPERCTON al so

provi des net ' at | te . ' [ | ai d
et hod compri i B % bBldsRaL SURER U AELAE AR, afls B DB 0 C
descri bed alhnie.indittahesatiaddd withwuhridblesgind pataasters ad a peetialal tirserawdfor hur t her
conprise applyi protgocol to_ the conputer nodel nerate set

ng a virtual 0
of outputs r%’&ﬂ‘é’gaér?f‘e%‘t‘t‘ﬁﬁémﬁe Fgr example phspqties 185%?%6‘1#%‘%@% Abt ype

can repres er];art?cu'i’aqrtfﬁ%. c‘?ggaﬁﬁr GedL s & i8S bidhBated By, 46f &@infple, numerical

I npl enent ati‘ons, the net can further 1nclude accepting user input
speci f yo ng cmenalytipa nietegationref @reworanore ardtleimaticalssltivat togreduch valwes tor nor e

mat hemat i cal , representati.ons. prior,.to ecuting t o ter _nodel .
Preferably, q‘ﬁ@%i?s qtt Hﬁ%?usiB‘ﬁeﬁPPg@gn etﬁ%?Y W‘%’o‘?ﬂg?pger}@ryrpﬁ?éﬁer Wi ent or a
definition of thernd doimfriterRk&h@sbN soffRebé Lotk duneericaliPstleds thoathepiatidalices a
set of outputs for a bi ol&%i cal systemrepresented by the conputer nodel.

The set of cwpptians of disrmedalts) urder ypriousrsimplated srppramensel qopditiony| ogi cal
system |- @ FurdilinSle Ml bR BHBLRGkb1c BRI, HRUNES RaRLAGH hd) ! O1 2

associ ated wi vari paraneters at a particu I e an ra
particubar eaxsdpilaton siiaatodel equatiorsxaadphedy; assoqisted pirgmeterstorsapulatent ed by

values at a particular ti . The hehavi or of the vari |l es .is sinmulated by,
for exanpl e (Bffarrt;g}pq{igpts subject to avaxtu)ety of st(l)muﬁ. See, e.g.,ab.S.a‘Patent I\llumber . y

6,078,739, entitled "Managing objects and parameter values associated with the
objects within a simulation model," the disclosure of which is incorporated herein by
reference. Thus, the computer model(s) can be used to rapidly test hypotheses and

20 investigate potential drug targets or therapeutic strategies.

The level of detail reported to a user can vary depending on the level of
sophistication of the target user. Fora healthcare setting, especially for use by
members of the public, it may be desirable to include a higher level of abstraction on
top of a computer model. This higher level of abstraction can show, for example,

25 major physiological subsystems and their interconnections, but need not report certain
detailed elements of the computer model — at least not without the user explicitly
deciding to view the detailed elements. This higher level of abstraction can provide a
description of the virtual patient’s phenotype and underlying physiological
characteristics, but need not include certain parametric settings used to create that

30 virtual patient in the computer model. When representing a therapy, this higher level

of abstraction can describe what the therapy does but need not include certain
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or analytical integration of one or nore mathematical relations to produce
values for the variables at various tinmes and hence the evol ution of the
phenot ypewowess/dcso58. The conput er executabl e sof tware cede/uszosnissad |y

sol ves the mat hemati cal equations of the nodel (s) under various simulated
experinmental conditions. Furthernore, the conputer executable software code
can facilitate visualization and mani pul ati on of the nodel equations and

t heir associ S ' t ' ubj a
vari ety of - SrraioRESEREALR P BhPulbi i BRopBYERACE UBRARY 48 @
"Managi ng ohjumits ofithd cpmpateetnedeibitiie partiswady atl@dntfor suttjbes ai] deterswi t hi n a
simul ati on nodel ," the disclosure of which is incorporated herein by
reference. THADEMadeT FEESSStel (s) can be used to rapidly test

hypot heses and i nyggid &n&ﬁ&tlﬂiﬁ& tR coffpuer hRIJEEL SoRfigurOEiordIRL Visual

strategies. The level of detail rqurted to a user can yarg dependi ng on
the | evel ofreprgpentationcdmasihenagticalglatigngyes welbay interglatignsfupy batweere setting,
especially for. use b nher / | LG, 7 i ncl ude
2P oher | evimabRE st HolobaR BpRshs, Thls It Rputenb gl "7 U0
of abst ract ioltipRmedave orf fahctinalgits, thatpyvhén gloypediogethergtepsesbaty:stagies and
their interconnections, but need not report certain detailed el enents of

t he conput ercomiey modglofabiRlegigalsY{E®Phout the user explicitly deciding to
view the detail edpel eng rg;, b B | LU de s §AEL helnAdntdioVvi de a
description of thg?élrt a %g%kgktpgggﬁgéhtypg gﬁggﬁﬁdg%%y?ng pﬁvsiological
char actier i stwelbas dudbnoaeal (agt, aidischseder ¢exit)astate pha bavbigidat syséenhi Ags used to

create that virtual, patient in the conputer nodel, \Wep representing a
Cherapy. ¢ hi SRl e Soapfer grodsh i g S o AFPPEREEiPR O AAGY RBOTEapy
does but neeg rBeresdnfidl bidtBe pRE RALHEBkKY SorfRlipidesitc afdl. t A nsiiall at e t hat
therapy in the conputer nodel. subset of outputs of the cggputer nodel

€

that is partphsaptapé garrtd modgled thopughisjedies of usattindertace sereensthyalefine ther eadi | y
accessible. ln e .l . ngatioen, . [ | .S i to
o Dow vi sua IaERE IRYFERR Gt FRTRAD Eral R Gsds o phéidtnd

i nterrabat i aseidy |Meddled. WEleconagutertthedel inehudespiramstersathat it altagd aadimptaeesses.
This visual representation includes multiple nodules or_ functional areas
that, when gioibpenmalstpes orey Progrssyien tayyards the abrorpghifptex The aaamster

bi ol ogi cal Séﬁ%fxgépto represent a disease state are typically modifications of the underlying

biological processes involved in a disease state, for example, to represent the genetic
or environmental effects of the disease on the underlying physiology. By selecting
20 and altering one or more parameters, a user modifies a normal state and induces a
disease state of interest. In one implementation, selecting or altering one or more
parameters is performed automatically. Examples of diseases of cholesterol
metaoblism include genetic disorders, such as hypertriglyceridemia and
hyperlipidemia, metabolic disorders such as non-insulin-dependent diabetes mellitus,
25 metabolic syndrome, fatty liver, and medical conditions associated with an
accumulation of one or more lipoprotein particles, such as atherosclerosis.

For example, in some embodiments, computer models can be formed that
simulate cholesterol metabolism in a healthy individual by generating a virtual patient
blood cholesterol profile. The profile can include the number and classes of apoB-

30 100 particles, the number and classes of HDL particles and total plasma cholesterol

and triglycerides. Changes can be made to one or more of the variables comprising
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In one inplenmentation, the conputer nodel can represent a nornmal state as
wel | as an abnormal (e.g., a diseased or toxic) state of a biol ogical
system R8O 2006aBpIse, the conputer nodel can begin with acrase@semsasi on of
a normal phenotype as represented by the phenotype of a healthy

nor nol i pi dem ¢ ani mal . A normal phenotype can be nodel ed through a series
of user-interface screens that define the el enents, including biological

variabl es angl Bak0dlCahe RIAEEPSRet cht){a@tem?emttw@ffpﬁlomemﬁg&% Ehe

conput er |nc Gdes parameters tHat are altered to sinulate an abnor mal
state or a ppre@;r:&dsblycgenérammg dseWleabpmramabloedahcdcstélibbpqoﬁil@rret er changes to
represent a disea state are tplf/}pl cal nod).fi ca ions of the derleyl ng

bi ol ogi cal proces ’é"’s"‘irﬁﬁ?@l‘(}’érﬂal %Ptﬁlns REcden vy ﬂ?%‘f"%ﬁﬂ’ f%ﬂ?epresent

the genetic &éatedlyase@eﬁﬁﬂaﬁllalaflk@gtpatlaft thddes MsSEASEWaR ihibigl pmﬁétwl ng
physi ol ogy. By selecting and altering one or nore paraneters, a user

modi fies a neatuasl Ashifierentavidual patiens sambelrrsated based pndhe nitial tvértuad patignpbyne

i npl enent at i an, sel ecti Q i r med
bt omatcal 1§ RogB e ilotfcatiolo L I el ba ¥Rl & RR B HiEn i BT
genetic di sofodexfinpls, @ﬁhrﬂﬁeth}tl@ﬁdiﬁg’el(gbyﬁﬂéﬂr@dﬁs@ecﬁf}dng‘l(yrwﬂm@iedﬁﬁhh

nmet abol i ¢ di sorders such as .non-insyl.in-dependent diabetes, [ i tus,

met abol i ¢ syPRIRBEET Valugs),pltefingpr spepidyipg BP}@é(For@é B PF HALS vEiehles, AlGENEPE h an
accunul ati OnSp%&fﬁH%E%e nrgﬂgx% fuh ARG Q%i?és@nl@x?é ﬁ)’tééée&iq%ns %HSH%@&a%ﬁéé%PaS clerosis.

For exanpl e n so I ments, nput er can be forned that

si mul atie chodomstiratmn thertef 5o matance, andegthé irhtyalivintial patucait 1sbq,eﬁge<rh,elﬂmr| ng a
virtual patient bl aod chol esterol file. an clu t he
nunber and chg%lé?gB‘Pts DY BE CIgeF ?‘f‘&‘?@lm{laﬁe‘”ﬁﬂﬂ@@{“e‘gﬁ? 581 g%g{gﬁé © HDL
particles angidPhaampleasaMestA AkHAE Ghe 8Mflote dfThy/Mmadl Q%megwamw can be
made to one or nore of the variables conprisingthe nodel, e.g., the

addi tion of Altemative panahetet ealegs can hel defiredesst foe exaspleisclosed g‘éUo%r? ahe
predi ct ed byNg ﬁﬂpd;grh%s DALV gl‘anp 3G Res Qﬁnoggg%{]gé&%@ e(ﬁlﬁlereﬁ{ ?efté le.

One or nore VIr t1ent & T com uncton Wt nput er can be

creat eds baSG@fphParﬂé’teﬂ Viludsahat ¢hrii beladedpa e diffesnt vistualymadientato€cheni th initi al
parameter values. A different virtual patient can be created based on the

i nitial virteemPyREEResd. oy criin geRiHensa thedpitiel WEpRIgRUER 1kl cpmPE i al
virtual pati &Q&tfd Hieh oﬁgﬂbtilbmft},lﬁlrbaﬁ@rﬁ (£.BS Iald@l?erexfxtqf)ltl‘ﬁf(@i?ﬂﬂhl%atl@nﬂ?ﬁ{ ametric

change (e.g. tering or specifying one“ér nore initial
manner as discussed above.

Alternatively, or in conjunction, one or more virtual patients in the computer

20 model can be created based on an initial virtual patient using linked simulation |
operations as, for example, disclosed in the following publication: "Method and
Apparatus for Conducting Linked Simulation Operations Utilizing A Computer-Based
System Model", (U.S. Application Publication No. 20010032068, published on
October 18, 2001). This publication discloses a method for performing additional

25 simulation operations based on an initial simulation operation where, for example, a
modification to the initial simulation operation at one or more times is introduced. In
the present embodiment of the invention, such additional simulation operations can be
used to create additional virtual patients in the computer model based on an initial
virtual patient that is created using the initial simulation operation. In particular, a

30 virtual patient can be customized to represent a particular subject. If desired, one or

more simulation operations may be performed for a time sufficient to create one or
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paranmeter values), altering or specifying behavior of one or nore

vari ables, altering or specifying one or nore functions representing

i nt er act iwoe@mseE1vari abl es, or a conbi nati on thereof. PEwruscoshasse®, once
the initial virtual patient is defined, other virtual patients nay be
created based on the initial virtual patient by starting with the initial
paraneter values and altering one or nore of the initial paraneter val ues.
Al ternative a ' : " osed in
05 Pt g b, gl iRy e b BEaR, T B A B L o ouped
into differ qmtxeﬁtats shavhctgraned ytoze ov alouesariabées under dreubsadially apgrbacheng
different virt Li%@él patients of the. conputer nodel. For certain applications,
the initial St Patsadystate CNditighay e created based on anot her virtual
patient (e.g. , aygidusQAiam phtitintd ¥ thy Edthpidtbr 1A8dd] @BA Yeptdied VARBIGHs AShe

di scussed above. Alternatively, or in conjunction, one or nore virtual
patients in hlhbgr;:@hqylateerthnmjeIsuf(ﬁ&wnﬁﬁdlff@mté@e‘{?émtmwf@ﬁt dfisheh al  vi rt ual

patient usi nked Si t| on. .gnerat i.Qns ed in
the fol | owi n‘gmﬁh?)’l‘s’ %139 “R}ﬁ%lﬁ ofyétﬁ‘a” parg%l 0uas éf%;ﬁguc? ?Arﬁg{llgﬁked

Si mul ation %roatm&asmwgl&al potgsshs feprasuiited bﬁ&mn@uﬁrmmw be, 1déﬂﬂ1ﬁ&d
Application Publication No. 20010032068 publ i shed on Cctober 18,  2001).
Thi's publ i C 2ASiRbaYiRg %EQIQJ%@OQUI?\%‘%%GIOEW IS8RANSE H the s AR YaTious i ion
operations Ef?%% s Un 9@d Pt@k‘e %s@]ﬁ!(ﬁh’&%ﬂt MBGFREAG MRS dhre ok Ror€Xanpl e, a
nmodi ficatio o the i'al SI Ul ation operation at one or nore tines is

i ntroduced. biologtvel Iprbeeseesst Thebdaohtiffeationodf thérend wnmmtlbmipglsalqinocaads:bstcamnal
S|nulat|onoera canb used. to d I 0 v1rt ts in
t he conput er %4 3%‘?3?3“8‘&’ & FXPSHIRG TG Oﬁaﬁ?‘ﬁg dgk’a??‘gﬁ’tﬁctlﬁﬁrﬁ gstu tﬁf’g

using the inj {drabus HsdeRidrArtoRibeiaaibh @R thehd) @ﬁéetth@yh@énmare\ﬁuslbgﬁ@m pati ent
can be custom zed to represent a particular subject. If desired, one or

nmor e si mul atprogesegsaat issuahayerbggn bbntp@?d‘ yemeus vinwal patieniecanrerdredtedhty t o cr eat e
one ornore " bl e’. h ne 1 T l

"stable" vir gfngpdéfﬁéreﬁ{ moglﬁgﬁéorngcé 8’?? cz’rte g%yr{?%ﬁée%gncam%ions I%RLG‘IégéA ﬁfr?der or
subst angi al | sonieraacdel, vehi€itiond drifidrd aliensdtRali¢tasivas eprsatithé o orasreous
virtual patients of the conputer. npdel can represent variations_ of the

bi ol ogi cal 513}9106}??}(Wﬁ?eséfFSeAsz?‘?lﬁE?t&ﬁttPﬁ rpatheraaticat refation ¢am ipgtudes 8 ef fect of

such variationg, o ,awntdec Haakor & itetinig of PRFHYUE of thofe Fir¥fBtet NEr apy.

In particular,
values associated with the mathematical relation), altering or specifying behavior of

one or more variables associated with the mathematical relation, altering or specifying
20 one or more functions associated with the mathematical relation, or a combination of
them. The computer model may be run based on a particular modification for a time
sufficient to create a "stable" configuration of the computer model.
In certain implementations, the model of cholesterol metabolism is executed
while applying a virtual stimulus or protocol representing, e.g., altered eating patterns
25 or administration of a drug. A virtual stimulus can be associated with a stimulus or
perturbation that can be applied to a biological system. Different virtual stimuli can
be associated with stimuli that differ in some manner from one another. Stimuli that
can be applied to a biological system can include, for example, existing or
hypothesized therapeutic agents, treatment regimens, and medical tests. Additional
30 examples of stimuli include exposure to existing or hypothesized disease precursors.

Further examples of stimuli include environmental changes such as those relating to
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one or nore biological processes represented by the conputer nodel can be
identified as playing a role in nodul ati ng biol ogi cal response to the

t her apy, wodosarsus virtual patients can be defined topcepseasnsssde fferent
nodi fications of the one or nore biological processes. The identification
of the one or nore biological processes can be based on, for exanple,
experinental or clinical data, scientific literature, results of a conputer
nodel , or a i.natio f - e _hi [ esses
at issue have been” ?edg n?fioefxipEe’ ?%oa%%ﬁérggﬁ?e I(t&gg g% %%{Zgé’nz}nsgngg%gb%ﬁcﬁhgg %d by
defi ni ng di fihésvehbf pipdichl stivitposetedcione or nore mat hematical rel ations

i ncluded in the conmputer nodel, which o nor e nathenati%@% rel at,i ons

e or
represent the one®dHTURbPEMSOb ey ac‘&ﬁuﬂrtgiré%égf?re%nﬁ%lﬂ P%?li apy,can be

mat hemat i'cal ag)gﬁgdﬁo! é)ﬂrtﬁglgba'ti@ﬁtl iH9R atek:Bpt 8 ¢iGrowda RALFORE LG vABAEEhd - T ,
altering or ecifying one or nore paraneter values associated with the

mat hemas i cal virtedl patien)wowdd tespomigto dhe theepy f Yiinhep! pattesol othatdandeappliediorae

vari abl es associ ated with th hematical .rel ati.on, .al.tering or.specifying
one or nore lglﬂéicﬁlgsr}'éteﬁb%a&dpéf‘@tf% AP ee’f?ﬁ?%%ylpgglle“?%{ @f’ L%B%‘fucor a

conbi nati on fknds I&ﬁﬁ”trea-thﬁnﬁfkgﬁh@r@,r mBRGRksagBY¥f hfe! dipobias eslerdiroameatat i cul ar
|

modi fication for a tinme sufficient to create a "stable" configuration of

t he conput ertoxingdncreassd sxercise and thellikeeRy apniping a virneal periecol & a ¥iBlabst er ol

met abol i smi g .execufe ' ' ' L Il Us: or t ocol
representi n&?atlg&g.g?étéﬁtr geggg%gfeglg %‘%ﬂagg‘i"?'@éﬁé&“;@ Iggéﬁ&%?‘s%ﬁlgﬁi%{gﬁgf a drug. A
Vi rt ualip st i nufligatiweot afioaseftietsadfadhevapin a Stimul us or perturbation that can

be applied to a biological system Different virtual stiJruli can_be
associ ated with slqur?ﬁlqi“n_taﬁﬁlﬂca&PFﬁf’é_rVWt‘%ﬁl BHHRCON GRS ch?ts%fgﬁ% R
Stimuli thatyga DenaRRlchesh bodnt oPhRkOBhfiRhaf Y tQMGR I AU G mbRY,
exanpl e, existing or hypothesized therapeutic agents, treatnent reginens,
and nedi cal whkish sne ddaipte roathemeticahdla®ne tarsteprasént onp ok moee bigjgaat e t o

exi sting or hypothesized,di sease precuyrsors.. Furt.her ex les 0 timli

i ncl ude enviWg%?ﬁﬁpaiﬁec@ﬁgﬁﬁecgniﬁc?ﬁ OBEH.?‘%SESQC?Ee#éYlp}]@etVb@r}g%%%wﬁ'nil evel of
exposurg t o dRuflPotoss1Han HalincOMHifictiéh thadid taibé in@ahcedabdicelignges in | evel
of physical activity or exercise. A virtual protocol, e.qg. vi rtual

y La
therapy, rephaeminallfgorarconthingtiontheseefpjereadingeonipppartignlpirondifions aad/onat i ent
in an atte t i . [, - d equi valent of the virtual patient
rrpé({fetc% atg%ogﬂit%& wﬁﬂ%e%? 35%541 q p

woul d respon erapy. protocols that can be applied to a
In some embodiments, computer models are formed that can simulate the

action of therapeutic agents on the number and lipid content of lipoprotein particles

20 implicated in various disease states associated with a genetic or metabolic defect in
cholesterol metabolism. IDL have been linked to an increased risk of heart disease
(see, e.g., Packard and Shepherd, 1997, s.upra). LDL particles are the major
cholesterol carrying lipoproteins in plasma and are strongly implicated in
atherogenesis. Moreover, the size and heterogeneity of LDL particles can be used as

25 a predictor of heart disease. For example, in normal and hyperlipidemic subjects,
discrete fractions of LDL are present, for example, LDL-I, LDL-II, LDL-III, and
LDL-IV, with the smaller fractions predominating in hyperlipidemic subjects.
Additionally, a link between LDL size and triglyceride content has been observed.
Large LDL’s, i.e., LDL-I, is associated with low plasma triglyceride levels, whereas

30 small LDL’s, i.e., LDL-IV is associatéd with high plasma triglyceride levels (see, e.g.,
Packard and Shepherd, 1997, supra, and references cited within).
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bi ol ogi cal system can include, for exanple, existing or hypothesized

t herapeutic agents and treatnent reginens, nere passage of tine, exposure
t o envi r onoendcalesdsoXi Ns, i ncreased exercise and the |ikecTBs2@pphssemg a
virtual protocol to a virtual patient, a set of results of the virtual
protocol can be produced, which can be indicative of various effects of a
therapy. For certain applications, a virtual protocol can be created, for
exanpl e, by defi %ﬁpga%m@&lma@%ﬂ Qi BPL&ATB HRPE Eftbett BF AL | 0N
i ncluded in a nodel, I C ne or nore enatlcal t1ons can represent
one or nore BMIi-GgiAcaetuqrasedetsbition ahd emtmlbd:)yn thearegudatianoof ahplestefodct

associated with the yirtual protocql.. A Vi |, protocol def-l ne a

modi f i cat i orPYPHgHS aud pxerefion (Fpposiandtes; Wé’%@ﬁ @Vﬁ%% g q:g?

conbi nati on TefRef  HIRRERA ﬂeauaabetlﬂﬁbiws tat Capledificd &NFHIhEOME FaﬂaldarN&fef ects
associated with the virtual protocol. In sone enbodi nents, conputer nodels

are forfed tipataghslcstatolSenthems” @lﬁ@W d&lQSmﬁlapwtalnd eaqéhmlsmctelfé‘ nunber

d | d
at os assochdatp Gl BREERFREPhhulu Ry AR BT i bl ipifpecace

met abol i sm Hephndﬂ&mesm@lrstdrw KE£Lrétionaot cholesters etﬁcdnlsﬁﬂatloé boeedantbedi sease
(see, e.g., Packard and Shepherd, 1997, supra). LDL partlcles are the ngjor

chol est er ol ré&‘i“?@?ﬁ‘l&’lnpﬁ’éiﬁ%tdéf’lﬁ’ésq %Cfﬂtlﬁgﬂa and are strongl y i rrpl icated in
at herogenesi s. flSr :tht fod gl&%@@@d*PI‘FFR@QGIQGI'IBVQaHfbelu@d Cf‘P lies can be

used as a predi ct or of “heart di sea For exanple, 1 n norma
hyper | i1pi demfﬁ:ctso@enapmtlcdlgsms eh ¢he acaiwity oNEEDP. IIﬂhlsacmmeSmnCETPor

I LDL- | | DL-11.1,,. =1V i t
o edbr nat | RabPiybepby by et e byt LRI RRTEBecn oo
si ze and tr'@ﬂcﬁ&%ﬁﬂ%@l@@&'ﬂimﬂ%ﬁll PRcOPSEES Midequedége LDL's, i.e., LDL-I,

is associ ated | ow ﬁl asma triglyceride |evel s wher eas smal | LDL's
i.e., LDL-1V is d9aadord euarwqqsEfchgwdﬁmnarytmwgnam,s@mﬁ@eoduéqsellhsstn(a@éen e.

Packard and r S n (e The nndules
depicted in ﬁaeléfagég oéta% %2{03%(133 ?At&ﬁo%eﬁgﬁﬁ feg[f p%ﬁ

reduct ase i niridetdoiryblosdicticterdl ofeening! Sacl e;gultgqiwmy mbvida ﬁieeatremahts

synt hesi s and excretion (Function Nodes "HMG CoA Reduct aquggandﬁt'lf, etim be

Ther apy") . HNitotebiighvegride elosal Tp) Blil‘?tl%ﬁt%“)]a@éasgﬁe@q)ﬁ L% ¢he
Function Nodg 4 gpL cholesterol (HDL-C). The Effect Diagram in FIG. 14 calculates these

values in specific Function Nodes in real time for the model’s virtual patients. The

model furthermore provides additional values that may have clinical significance,

20 including IDL- and VLDL-cholesterol (IDL-C and VLDL-C), and the breakdown of
total triglycerides into each particle class (VLDL-TG, IDL-TG, LDL-TG, HDL-TG).
In addition, a Function Node calculates the fraction of total LDL particles that are
LDL-L and LDL-S, along with the total system cholesterol (System TC) and system
triglycerides (System TG).

25

It is to be understood that both the foregoing general description and the

following detailed description are exemplary and explanatory only and are not
restrictive of the methods and models described herein. In this application, the use of
the singular includes the plural unless specifically stated otherwise. Also the use of

9 <6

30 “or” means “and/or” unless stated otherwise. Similarly, “comprise,” “comprises,”

2 1)

“comprising,” “include,” includes,” and “including,” are not intended to be limiting.
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"Hepatic Chol esterol Synthesis". Dietary chol esterol input and excretion is
nodel ed as a zeroth order process; a fixed percentage of dietary

chol est erwb 2085/08068d i Nt o t he hepatic chol est erol st orescThsessEsIR0 Of

chol esterol is constitutive, but can be nodulated to increase or decrease
excretion. Simlarly, the nodules depicted in FIGS. 1la-1 |IB can be used to
nodel the effect of therapeutic agents on the activity of CETP. In this

enbodi nment , aiﬁﬁ idion therapy directly inhibits the CE flux out of
HDL parti cl elsQE e tiﬁ ux exchanged for CE is automatically reduced as a

consequence. Dat aAf Methbe foraDéevalopihg h &mputdr Blodehfor Chalestawb and nodul es
illustrated in FIGS. 2-13 can_be qQhtajned fr Japoratory tests of bl ood of
andJipih{

human pati ent s urn¥etabslisy Based Fappge sumbes) ABtensch tests typically

provi de rreasureweske?fe hticls that UohNCRE Rl TRE@lbed Bereithiekpsb ezl (Pl asma
TC), LDL cholesterol (LDL-C), and HDL cholesterol (HDL-C). The Effect

Di agransi n FaGulatelthcalet GEfluasantd et EG\fhixfesedch lippprotdin pattiglecigsenThpdets i n

| time for th |'s virtual patients. del. furth id
ddi 1 onal - e B8 TERRes Sy et St ket I G by MR R s
VLDL- chol estgir@dle toRbositicishd\PabkclEhumbardhathen beamkddimenh siatoidss. An

triglycerides into each particle class (VLDL- Tgb IDL-TG LDL-TG HDL-TG).
I n addi ti on,exalanatien pidhe Nerirblesaised insthe §94a56n$ 1SFhOVBREOW: t ot al LDL particl es

t hat are LDLy Li.an .along with the total system chol esterol (System
TC) and syg_lél%l Flga{j?gg?cl%@g (System TG . It is to be understood that both

t he fonegoi ng geniadet i dessrApiB-000 padcleh 6 ¢ladsewWhipldetGLDER, dBEcEDpPt i on
are exenpl ary and expl anatory only and are not restrictive of the methods
and nmodel s d'ésat‘,“ai%gr(a&%mcr‘f‘ﬁﬁ%’ﬁ@gﬁfﬁ’ﬁqsf’ls’:’a‘f‘f@ﬁgs “use of the singular
incl udes the pl urghieidRess BDEPaflFR!(D ¥1a8ca): (DL, MOV ERdetheRatdisuitise of
"or" nmeans "and/or" unless stated otherwise. Simlarly, "conprise,"”

"conpri ses, "decoamyipgipgride Sizé¢)i ncl ude, " i ncl udes, " and "including," are not
i ntended to be Ii(gbt H’ﬁ}@lt\/'g LES A. Method for Devel opi ng a Conput er

Model for Chol est®&ro 5B0I°Sh Based Particle Number and Li pi d Cont ent
The keysequati onsTGhatigtiettide t he nodel s described herein are those that

Variables
N;: number of particles in class i
SA;: Surface area of particle in class i

CE;: average CE content of particle in class i

20 CE™ : CE content of newly synthesized particle in class 1

TG;: average TG content of particle in class i
R;: CETP exchange molar ratio for class i
C. Scalars
syn;: synthesis rate for particles of class i

25 catab;: catabolism rate for particles of class i
V;: specified volume for particles of class i
dcg: density of CE
drg: density of TG
Mcg: molar mass of CE

30 Mrtg: molar mass of TG

A: Scalar for hepatic flux from particle class i
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calculate the net CE flux and net TG flux for each |ipoprotein particle
class. The net CE and TG fluxes can then be used to determ ne the dynamc
changes iwol2o@aps@tei n particle conposition and particl ecmusbes/otdsas can
occur within each size class. An explanation of the variables used in the
equations is shown bel ow |ndices and Subscripts Index i covers ApoB- 100
particles (5 classes) : VLDL- 1, VLDL-2, IDL, LDLL, and LDL-S (i ndex

i ncreases with degr ' ' ' : L. covers HDL particles (2

cl asses): HDLI, E%Ls&%rﬁgreigl{p%%r%legg’gEr%vﬁ\n)qak@%gélragsalsi ng particle size) CE:
Chol est erol Est erC:TSalarrfogCETRmaitated/Anx fbmgsartide clhassiitepadiclepdassiicl es in
class i SAI: Surface area of particle in class i CEl: average CE content of
particle in cl asswﬂ'%@:yweéﬁ‘t%&ﬁf‘g?ﬂenbf newl y synthesized particle in class
i TG : average TG content of particle in class i RJ: CETP exchange nol ar
ratio for class i C.  Scafaicalstion of neY CEEE nd AbETGCAuPBdsed Ohfizphatit ass |
catabj: catabolismrate for particles of class i VJ: specified volune for
particles of class i cind nteeptpr-ynegiatakactians far pagh pargiclemps®CE: nol ar nass
of CE MTG nolar mass of TG A: Scal ar for hepatic flux fromparticle class

i B: Scal ar f ' P P i . . l.ar for

CETP- nedi at é%{ ?)%31@ lgggﬁggg%teyé?tgﬁlg@ars (%Bowp))(g itﬁ#lgll%ga{?'lSzg;(s)vsvg%\g/\xvo-g‘/r\'/\v O Wi ghting
exponent Hepatic CE Flux via SR-B1 per particle class i

(HEEy= A *n,*(S4" *CE"?)

Peripheral CE Flux via SR-B1 pér particle class i
o (PEy =B * * (54" *CE"*)

CE Flux from particle class i to j via CETP

(F,“)=CF*TG"”” *(n, *54,)"°

F.
CE Flux from particle class i to j via CETP (F)=—"—5
M
Ri * MTG

Hepatic TG Flux via HL per particle class i
15 (H®)= AT *n, *(84"" *TG"*)
Peripheral TG Flux via LPL per particle class i
(PT%) = AT *n, *(S4,"° *1G,"")
Net CE Flux per particle class i
E,e,iCE - —HiCE _ECE +Zj F:.jCE
20 Net TG Flux per particle class i
F 70 ='_Him _PiTG _zj E_‘jTG

net;

Flux equations for HDL particles are not provided, because they are similar to

the equations used for the ApoB-100 particles.

-41-



1. Calculation of net CE flux and net TG flux based on enzymatic and
receptor-nedi ated actions for each particle class An exanple of the flux
equat i onswbanosAeB1100 particles are shown bel ow. Hepat ipcT@R20050%5520 a SR- Bl
per particle class i (HE) = A*n, *(SAL m*CEl V2 ) Peripheral CE Fl ux
via SR-Bl per particle class i (P) =B E *n, *(SA WB *CE1" ) CE Flux from
particle class i toy via CETP (F CE) =Cf *TGW *(/11 *SA1L F CE CE Fl ux

o et Cpar i o e ol b oty 8 iehnoliging ang Yiclaricallof RARDBE el T X
Flux via LPL per partigirtickldss basddRydGe)fluxes and coataiatsof @chpaiticdiet CE

Fl ux per particle clas% [ CE thS Fl ux glgr (ﬂarticle class - FI ij 1 Flux
equations for HDL par t§laysdeng celinsd asconstanlyvolpme  yse they are simlar to

As depicted in FIG. 1D and FIGs. 15A-F, the net CE flux and net TG flux can
5 be combined in a vector sum to determine the net effect of the underlying enzymatic
and receptor-mediated actions on each particle class. Since each particle class is
defined by physical size, the composition of a particle class is constrained to lie along
an iso-volume contour depicted within TG-CE space as-a diagonal line whose slope is
determined by the relative densities of TG and CE. In the diagram shown, the vector
10 sum of the two net fluxes leads to two distinct terms: a remodeling term which is
along the iso-volume contour (in this case, increased CE and decreased TG for a net

movement of right and down), with a reclassification term (in this case, negative TG

flux for a reclassification of particles from this particle class to a smaller particle class
along an is0-CE contour).

15 FIG. 1D depicts only one of 8 possible configurations of the vector sum of the
net TG and CE fluxes. Table 1 below lists all possible configurations of the vector

sum resulting from different signs and relative magnitudes of the fluxes:

Table 1
vector sum ol |Frew reclass
index Fr, “ F, " 7;5_ B d_rc— condition direction
0 + + + diag up
1 + + - diag up
2 + - + isoTG up
3 + - - isoCE down
4 - + + isoTG down
5 - + - 1s0CE up
6 - - + diag down
7 - - - diag down
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t he equations used for the ApoB-100 particles.2. Calculation of renodeling
and reclassification terns for each particle class based on the fluxes and
constrai nve 206¢/@amh particle class being defined as congranis2eslousseo As
depicted in FIG ID and FIGs. 15A-F, the net CE flux and net TG flux can be
conmbined in a vector sumto determne the net effect of the underlying
enzymati c and receptor-nedi ated actions on each particle class. Since each
particie class 15igeibiet B xsrs&kor%hﬁﬁn?éme%9m%§drtdgaggan9§fofflaﬁart! cle
class is constrained to ['1e al'ong an 1so-vol une contour Icted within

TG CE space eightaectongmnitldides ase shheadn FIGPe SAs15k8t er mi ned by the rel ative

densities. of TG and .. In_the diagram shown,..the vector m of the two net

fluxes leads to t%hgggleiﬁ‘l%l{tvﬁ%tf’h%?ng‘ “@ﬁﬁé\‘g‘]‘qlﬁé T3, tﬁf%p@ “?”és%{logng t he

i so-vol une cRREBkAs &'gﬂ%%f{,ﬂmesth@&ﬁlt‘ﬁﬁoﬁs%f ﬁ@%@& e Anddee @avefe e for a net
W

nmovenent of right an a reclassification term(in this case,

negati ve TGdynamicsof partickakelassifidation pushrepfodplang. | Réssspfionsmiithe thregsart i cl e
class to a snall.er g}g{eéiéﬁ%e%ﬁlcl asE1 ala%l an ]ije%)-,CE contour). FIG ID depicts
only one of EMoRs COR TG AT PO SO he"V¥ct or sum of the net TG and
CE fluxes. Tabl e idoG! eavldshificstic desdRBIRIND bie XS dDet @B MisSrelitivt fetheect or

sumresulting fromdifferent signs and rel ative magni tudes of the fl uxes:
Tabl e 1FI G nebTCsflunfos sheripn-solymecepsteaints dyh & 1eerdt, thepagtcle waeelassifigddfr ans f or

all eight v r i - j h 1051% 134tickach of the eight
vector sum ?S?lﬁl greéﬂlg}rgeggﬁs?liﬂhgggﬁtg?ﬁ %&é&%?ﬁ ere nasgt ISE' condi tions that
define the equations for the four terns needed to cal cul ate the dynam cs of
partiche recl assii$oCBt revinssifidatiommosigfsifrogn alDexsess qftricd 6 ibfx tekative by the

conditions th fine. the equations are ,shown,bel ow .i.SOTG., . .
recl assifi cé’te?gﬁqf‘@%tﬁf the 1?‘%'?5‘%1“5’1’? C8§S§'@§‘§' 6% ar{gﬁul%:%efqaﬁ'%d? B Peieddn: he net
TG flux for dniiflet SOarpRl HIAE Witk fle's@inB (CE fmnteht E@ﬁl@'otri,gir{ah?_arﬂareti cleis -
reclassified in smaller or larger class with the sane TG content as the
original particle. isoCE reclassification results froman excess of net TG
flux relative to diag reelasgificationyesulip fropecithepbethinghBuxssdsinegonitive os a
result, the AR i i §l i I . with the
sams G cont Battlegbpletifi1ARS cldsEfbr fouPAR hREs Sing AR flafice

15 reclassified in smaller class).

Definitions for the terms used in the equations are as follows:

reclass®"  rate at which particles are reclassified into a smaller particle

i

class
reclass;” rate at which particles are reclassified into a larger particle class
20 CE*™™ CE cbmposition of particles upon reclassification
remodel, rate of change of average CE content for a particle class
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diag: reclassification results fromeither both net fluxes being positive
(particle reclassified in larger class) or both net fluxes being negative
(particl ewoecbeamssisiii ed in smaller class). Definitions fecTiuseossessseo used in
the equations are as follows: reclassfown rate at which particles are
reclassified into a smaller particle class reclass"p rate at which
particles are reclassified into a |arger particle class reclass CE CE
conposition of p ge of
average 2 cont o pap RS0 BelR i Rohd ieR AR FaRy oo Pl ishes
condi ti ons rasshawmbeléw amTalle 2vect or sum i ndi ces are shown below i n Tabl e
2. Table 2 3. Calculation of final renodeling (CE particle) and

recl assification (nunber of particles gsg 2Iass) rates The equations for
shown in Table 2 can be conbined to pr 8¢ a final equati on that

cal cul ates [the reclassiffication rate: dN. L epMdition catab, +reclass;(tm"
+recl ass"” |- reGkass, -|reclass ' UP dt and a final equation that
cal cul ates |the remodeling raﬁéﬁB Cowputeﬁ0§ﬁhulatpd Llpopr®@&|n Profi| es
of Virtual Pattents—treated TG\ HViGCo JE‘UJLL hi bt o Lherapy As
shown in FI[G 2, the CH and, I'waéaﬁtent it =a4T;)e,,Ear1|cIe I”assr@a, be 5
conput ed and pkdessgd’ at edgn tige po nt‘gurl a simul at| en, togpr pvi de
real -tine ijnsight into the—?han%Lof a vaf%ggﬁgpat ent’ s—gyﬁzpfo%eln
profile durlng a treatnent iegiﬂen A ref'efrence vi tual patiem' s base| i ne
(EC]UI|IbI'I ||; IipGprUL i At Ra hi-pited—aftet i—~<al
HVG- CoA Reduct ase i nhibit | ) g p ar ¢ (hh &h n FlI GS. ﬂﬁﬁ 1 yand
17A-17B. FI|GS. ret8hs;and (1 ep| T the r%;ereqpe vi ftual Q%pdfuent S
basel i ne pllasma I|p|d proF+le—a#§—that e¥hi-bidled after a-?yprg&? HVG- CoA
Reduct ase ijnhi bition therap?ﬁ‘ﬁﬁe difect Bfitdct of |a typi cal' atorvastatin
(HMG CoA r eduetase—trhitptt+om) for Teciass down:
for reclass down: )
TG, FSd . d,
dCE(I/’.H_—x) CE’ netCE ( — H-l)
reclass dTG .F:m d + Eiet d
CE, CE; ‘
for reclass up: for reclass up:
Firdcpdrs (Vi V)
d| v, - TG | | CE+ T o e
er F;lel d +Elet d
P g [ F A
CE
remodel, N, dyg 0
Ni
5 3. Calculation of final remodeling (CE/particle) and

reclassification (number of particles per class) rates

The equations for shown in Table 2 can be combined to provide a final

equation that calculates the reclassification rate:

T = syn, — catab, + reclass’" + reclass'®, — reclass{™" — reclass,”
t
10 and a final equation that calculates the remodeling rate:
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therapy on the Reference Virtual Patient is a reduction in hepatic

chol esterol stores. Two i ndependent feedback | oops respond to this

reducti orwonesustosmg in: 1) a decrease 5 in the nunber etCrape®sh@B2o
particles synthesized (see FIG 6A); and 2) an increase in hepatic

cat abol i sm of apoB-100 particles due to upregulation of LDL-R (see FIG
9D). The conbi nati on of these two responses causes both a net reduction in

the total nunbe 100 pafticl cirgulating fn 1 ma and a

conconi £&ht rse’él i cngS _ﬁ’ﬁﬁgﬁf&gaﬁ%g &F 3 Mﬂ'@od‘gl

simul ati gn predi ctAs that the LDL aVasses O exh| bit the nost significant

reduction in parti cle nunber ; hence LDL-C is also greatly reduced (FIG

18A). No feedback response to the simul ated thegdpy signifi cantlty af fects
Peefil Sa

st eady- st at e apoBB.100 GamputeriSimalated hinoprotein et oloWirtyal PatigntsapoB- 100

particle nunber reduces t g@g& ?R% The

t her apyi nduced changes %t%agdéﬂ artic ?g%é&nﬁglgﬁgnaﬁg)apyesu” in

nodi fied apoB-100 and 5 HDL particle compositions. For exanple, the

si nul at ed t her apyAcshosesin&16h2 fthe OF andd'G copugntof each peBidEclaentaprve curve to
the right, reflect ncreases in ste state a particle for the
LD P, e ) iRt ech b PREeceug et ¥ B el s

16A-B) . Thi sipbiehi@wiodhe SRihgb 8f sxrmtal paftnbyhaoﬁreftm fifOdirrg taqtéaaﬂemf

new y-synt hesi zed particles, which contain |ow particl e to the new

equi | i bri uncregigiani gnraferdeee \tlﬁeafla?pyer(t§é@SQ)e1@t(@th‘m1hn)elmm¢t@ﬁ§f0ﬁle and

Furthernore,  fe l.agma S f, i.on in
CETP- nedi at tB t]'?\é\%tq %Q ﬁ?r ahfyglcgéjl% par %gaé‘g?‘&’& ﬁhﬁ)ﬁl gapg ?‘%Ig‘}elsg This is
reflected i mmlsgdlmdﬁ@/maml e1Gs. qlgs\eamdelctB @pt@m&rem‘rem vérdualll at ed
therapy (FIGS. 17A-B). Simlarl t he baseline |ipgprotein g‘m?fi |l e and

pl asma i p| cp%l%‘ffi ‘P@e]@ﬁrplb%nf’rrbﬂélpé‘&'ﬂﬁ apd that ¢xigb qudti’ﬂ&%FXPb‘Faél @'Q?Ifl‘t ual
patient. élrﬁ’nbgt\( glgfaggm c virtual patient baseline (equilibrium

| i popr ot e| n pr e an hibited after a typical HMG CoA Reductase

i nhi bition ther appheadlmcséﬁﬁwnof mtﬁﬁ@ﬁatom&@aﬂiﬁmMﬁICEMedﬂdeeﬁmmtiomBC and
18D depict t et pe la'ﬁtd sli |degl)c.virtual at|e a asnallpld
profile and qu? tlegncg v EMayPeusst s e 0&6‘2\ § eﬁo ACESt i on

t her apy. TheTﬂH%deba{deﬂﬁfeE&ﬁEQ s &ds @)Ilitﬁto-ltﬁﬁ@eddchoﬁ))@idltﬁ)ﬁgjﬂml(} aieérlebk!
Patient to sinulated 40 ng/d a orvastatln therapy is simlar to that

obser vead f orintthenyrabesiof apeB- 10 particles synthesized (see FIG. 6A); and 2) an increase in
hepatic catabolism of apoB-100 particles due to upregulation of LDL-R (see FIG.

9D). The combination of these two responses causes both a net reduction in the total
number of apoB-100 particles circulating in the plasma and a concomitant reduction
in plasma total cholesterol (FIG. 18A). The simulation predicts that the LDL classes
20 exhibit the most significant reduction in particle number; hence, LDL-C is also
greatly reduced (FIG. 18A). No feedback response to the simulated therapy
significantly affects steady-state apoB-100 TG/particle; hence, the reduction in total
apoB-100 particle number reduces total plasma TG as well (FIG. 18B). The therapy-
induced changes to apoB-100 particle synthesis also result in modified apoB-100 and
25 HDL particle compositions. For example, the simulated therapy causes a shift of the
lipoprotein TG/CE content curve to the right, reflecting increases in steady-state
average CE/particle for the LDL-L, IDL, VLDL-2, and VLDL-1 particle classes post-
treatment (FIGS. 16A-B). This behavior can be explained by a reduced contribution

of newly-synthesized particles, which contain low CE/particle, to the new equilibrium
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Virtual Patient on atorvastatin. ApoB-100 particles increase in

st eady-state average CE/ particle, resulting in a shift of the TE CE cont ent
curve to wbeosdmgbisi( FI GS. 16CD). HDL-2 particl es exhi bi rca/usessotisen i n

TG particle (FIGS. 17C-D). Finally, plasma TC, LDL-C, plasma TG and LDL-TG
are markedly reduced as a result of the mechani snms di scussed above. WHAT | S

CLAIMED 1S: 1. A nmethod for devel oping a conputer nodel of cholesterol

et abol | S 1dnaifoR TR herdfl SeL T AR i it RO FdnﬂgﬁﬁdrFyfeQerglgﬁnQr mor e

bi ol ogi cal processes associated wth prot€ln particles entifying one
or nore bi olapgBeldio gaﬂnﬁmeessﬂateacechicednmtEETPmmduhtéd TG, fluxefirdre apoB-da0| y

representing each .bi ical .process.to,generale ane re

repr esent at %@Héc(i@fm'é’olhﬁg QPS 'ﬁgjﬁgggﬂ %’(’:ﬁb‘? Eeguﬁ\?dto—ﬁpro Papsts: dssrved
particles ang }mﬁz%%emhﬁllaft&ﬂh%ﬁ%?‘(ﬁl‘dsﬂﬁA%) a biol ogi cal process
associated with lipid flux; and conbining the reE)r esent ati ons of bi ol ogi cal
processsto form aﬁlwﬁﬂuttm bassties 1lmpr@1h7él mhﬁleé@d@ mafpidpefilesean bz, The

met hod of cl aj , f I ci ated
wth i pi d rres ol Sl falpAepfRLRuR paligh, iR RAER, RRAET

flux from | ipagenttbaseine (é(fhll&briUnﬁ)ﬂEp’dpi‘&blﬂ poetiltiafid ehat bxHibitedf dfiex a typieal a
| i poprotein gartlcleto iver tissue pid flux_from aone Ilfa%(fgroteln

particle to -hep R“tdﬁétﬁﬁ"o‘ﬂ@h‘il%‘amﬁliaﬁ}’ érecﬁ“o‘f"ﬁén EIGS 16C-161 ft-1dPass or
subclass, |G, 18¢nd § 850BAG! BB BHRIIY hREdRIch. ArlAGREABAAiRAdnEd €. of

I|p|dfluxfroma poprotein pa to a peripheral tissue

met hod 10f cllmldrplbﬁle/\mg?rthatremtbeted efieestypical HM¥G-6Jo AoR tlustasginhabitipn ocess

associ at ed th lipid flux conprises one or nore of a variable representing
total chol est'®fBY:, . total triglyceride, a cholesterol ester (CE) per
particle class a”ﬂ{eQ{uaﬁt&BGé fb%?ons@ of tHedlppe a1t Ieslipideinié Wikt Pafigit tparticl e

cl ass and/ or subcl ass, hepati c enzyme, a peripheral enzyme, a hepatic
receptor, a speula;ﬂdélﬁang/d@mtpr\@statl@theaapryhéwpbatq hatghserved for trpReferensed of
claim1, whegein i 0].0qi p

particies 1o R oigar oty Sl ERin EABE AR BARRRs MG At AR Bl

recl asss fi catEmMarticle, resulting in a shift of the TG/CE content curve to the right (FIGS. 16C-

D). HDL-2 particles exhibit a reduction in TG/particle (FIGS. 17C-D). Finally,
plasma TC, LDL-C, plasma TG, and LDL-TG are markedly reduced as a result of the

mechanisms discussed above.
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or catabolismof l|ipoprotein particles. 5. The nethod of claim1l1, wherein
the representation of a biological process associated with |ipoprotein
parti cl eswoauprics®s one or nore of a variabl e represent Pogaseddansssob

| i poprotein particles, a subclass of |ipoprotein particles, a nunber of

| i poprotein particles, an apolipoprotein conmposition of a |lipoprotein
particle, a cholesteryl ester (CE) content of a |lipoprotein particle, a
triglyceride (TG content of a lipoprotein particle, a free chol esterol

(FO contentwﬁArﬁlgﬁontgfg:parti cle, a hepatic enzyne, a hepatic
receptor, or a therapeutic agent. 6. The nethod of claim1l, wherein one or
nore of the biological processes is associated with |ipoprotein particle

secretion froma hepatic.c rtment. 7. The 0 f clalm,: xm@rein
mat hemat i callly r e‘gF@B’i‘hfPhg%ﬁ’é’ﬂ‘%ﬁ %@qnap&terﬁ?%dceggtQ%oq%sg%ﬁjgtgg(}lgs%n ormng a
first mat hergtrhfladaid fleBlodROmprBiAg: vari abl es associated with a first

bi ol ogi cal process fromone or nore of the biological processes associ ated

wi th Ti popr ot eidenipiving el regrapislogish PEPEssex assariater it RpPaoteiBquFiFies,

mat hemat i cal 1 erhihalk AN Habldolien pRreaet alBdatth Wil lifia kst DI ol oal ca
process and a S€eco i ol ogi cal pr ce&s From one or ‘more of the biol ogi cal
processes assofiatieamitivaltyrepicpapingteacinbipmigidatpresesana garerdte pnelofhore. 8. The

net hod of claim?7, further c rising: creatin sef ..of paranet.ric changes
inthe first mat H_@i’Fﬁfqn&aélon? Eﬁggﬁo_iﬂ'g“é’gﬁmtcﬁ% %@Gg‘ﬁ%] Wﬁ%‘ HB%@WH&P"&%‘F%H on; ?
and producing a Sin?%hébﬁﬂmopé &sz&!é?rﬁ@tﬁor@foffﬁ'biH!&@cé?%%&‘és@&ks@éiatk&m 1pie

paranetric change fromthe se paranetric changes, the sinmul ated
bi ol ogitcal attri Hutxgabki ng substantially consistent with at |east one

bi ol ogical attribute associated.with.a.reference tern of fir.st

chol est er ol rre?%‘Bﬁ’Pf”cga@? ERGSeNpUens 0%’ .101%}85 rpé?‘i%sdt%gflt‘m% PaPmP ,%r fmed ? ok,
conprising: a) cqp¥exdlésidoPmpabaiget.er into a converted bi ol ogi cal variable,
t he val ue of which changes upon perturbation of chol esterol honmeostasis in

an animal, che The method of claim 1, wherein one or more of the biological process
associated with lipid flux is a biological process comprising one or more of lipid flux

15 from liver tissue to a lipoprotein particle, lipid flux from a lipoprotein particle to liver
tissue, lipid flux from one lipoprotein particle to another lipoprotein particle of the
same or different class or subclass, lipid flux from peripheral tissue to a lipoprotein

particle, or lipid flux from a lipoprotein particle to a peripheral tissue.

3. The method of claim 1, wherein the representation of a biological process
20 associated with lipid flux comprises one or more of a variable representing total
cholesterol, total triglyceride, a cholesterol ester (CE) per particle class and/or
subclass, a triglyceride (TG) content per particle class and/or subclass, a hepatic
enzyme, a peripheral enzyme, a hepatic receptor, a peripheral receptor, or a

therapeutic agent.

25 4. The method of claim 1, wherein the biological process associated with
lipoprotein particles is a biological process associated with synthesis, reclassification

or catabolism of lipoprotein particles.

5. The method of claim 1, wherein the representation of a biological process

associated with lipoprotein particles comprises one or more of a variable representing
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parameter being associated with at | east one fromthe first mathemati cal
rel ati on and the second nat hematical relation; and,b) producing a series of
si nul at edwbiz2odengbasal attri butes based on the converted pcohusgiosalsseari abl e,
the series of simulated biological attributes being substantially
consistent wwth a correspondi ng biological attribute associated with a
reference pattern of an aninmal, the series of sinulated biological

attributes r S:Z%sfs'\ z)?%(ia?rgﬁrhéae 189& a%l %%s%ﬁo?Eigé%fggeﬁr?gﬁ{ikl%s,sat@mr state. 10. A

conput er - re:f Vi ng 'co e"1nstructions stored

t her eon t hatlipopid@éin ?K@i@l&j AapdYipGprpfeica@mgisitionaf adipbpotgii patiskeps t o

sinmul ate chol esterol netabolismin an aninal, and further wherein the

i nst ruct i onshelgpisl seter (E)gentept ¢fg lwwtﬁerpam%@%ly%wfsrﬂ@gwﬁe@fo éne or
nor e bi ol ogi . SeS i j i Y art.i ; ;
defining a rlr%t% hreorQré ?’%gll%?ef %g‘r%ggg‘ﬂ{e%??md&? ogﬂr?gp(gf;aolﬁﬁp 20 tg@gfd ggdilegzlheg%tgcesses
associ at ed wnkzymé,iqhiepatid texeptamdr g yhechpleitic aggntt set of nat hemat i cal

rel ati onshi ps between the representations of biological processes to forma

nodel of chal est et ol taboljsm 11. The conputer-readabl e nmedium of claim
10, wherein the ieﬁ"ftl?%ﬁ?(?%ﬁgfam}tWé?re@o%rolr Orgggglﬁtef’l“ﬂﬁglﬁ@é)rmﬁeﬁﬁatls

speci fyi Nng QR&cpited Wit li?_@;ﬁr@m fdricle seceisorcléth Qthephtidcdffart@fentror e of the
mat hemat i cal representations. 12. The conputer-readabl e medi um of claim 10,

wherein the instructions further conprise applying a vi rtuaEIH, rotocol to
the nodel of7-chol’strasthed pkslaigbl.ivdherein mathematicalpiapessertingtipiositati um of
claim12, e &l Stcgﬁlp}égést ual protocol represents a therapeutic reginmen, a

di agnosti c procedure, passage of time, or an altered diet. 14. The
conput e¢ - r eadabl donmeig arfirstfmathemanchDrelativaraeiongtvasablesassomatedmsthfaursher
conprise defining OFE or, rlmre viytual patient . hod of si

. A5 A t | ati
chol esterol et abol POIREIFA! BIPCESYi TFATR One 8f 1go fﬁ%‘a 188’1%%850%”8&3&?9%{&8 :ang

conput er nodel accoquitmg,o Rtéih phrticikd A8d/orliigd TRikhal of claim 15, further
conprising applying a virtual protocol to the conputer nodel to t%ener ate a

set of outputs rdpreiggntseeapdangthematiopbislasion anping|vegalles assgeiatedrivith the
first biological process and a second biological process from one or more

15 of the biological processes associated with lipoprotein particles and/or

lipid flux.

8. The method of claim 7, further comprising:
creating a set of parametric changes in the first mathematical relation and the
second mathematical relation; and
20 producing a simulated biological attribute based on at least one parametric
change from the set of parametric changes, the simulated biological
attribute being substantially consistent with at least one biological attribute
associated with a reference pattern of a first cholesterol metabolic steady

state.

25 9. The method of claim 8, further comprising:
a) converting a parameter into a converted biological variable, the value of which
changes upon perturbation of cholesterol homeostasis in an animal, the
parameter being associated with at least one from the first mathematical

relation and the second mathematical relation; and,
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17. The method of claim 16, wherein the virtual protocol conprises a

t herapeutic reginen, a diagnostic procedure, passage of tinme, or an altered
di et. 18.woheoemssizod of claim 16, wherein the phenotypeprcepseasnts2a

di seased state. 19. The nethod of claim15, further conprising accepting
user input specifying one or nore paraneters or variable associated with
one or nore mat hematical representations prior to executing the conputer
model . 20. A SHP URBMERIS Le31eD01 sifblRediBRERAPtrTUEs WA ABRYRE el eadabl e
i nstructions stored t eon that, upon exécution by a processor, cause the
processor to si mbiabgicelnairieblecthelsemmstodisimhulated biolegical pitribuites beieg conput er
readabl e instructipns canprising: ..) mathematically.representing one or
nor e bi ol ogi cal WB@@EE@%’ cggséﬁ)t?%é’flmia WTTHPYR %618!&6%1%?8%%“?% Sesg(%atle?)

mat hemati cal |'y r apifieg edfélec Hi@rmOsf AMinan4l] b Qe &If shifiglard dafogssoci at ed
with lipid flux; and iii) defining a set of mathematical_ rel ationships

bet weens t he r epr exiEibtes representing? sficond ehalestirplasisbeligyeadyistated wit h

| i poprotein particles and representations of biological processes

associ ated lipi d £ Lyxndel deaBRib ¥QfinfhaVifg é@ﬁpl?&grte,?&fﬁlle inQridiens Sorddf

mat hemat i cal relatlongﬁlps to generate a Set of outputs; b) a first user
term nal , t hherkon tiat, npen exeentivmby a ppeessbt, €avs® the pwicessortossvulatenput

speci fyi ng one. or re ranmet ers. assogi d with th tical
7 opr esent at | UASSHEN PHROB IR 85 BTGRP EAATIER e PUREPORSCo o) &
second user teawd%ﬁhingtélﬁatﬁ@ﬁM1 BpREschtBlitn HRdneAR MALbRISAcNpRbeskRs t he set

of outputs to a second user. . .
10 associated with lipoprotein particles;

b) defining a mathematical representation of one or more biological processes
associated with lipid flux; and
c¢) defining a set of mathematical relationships between the representations of

biological processes to form a model of cholesterol metabolism.

15 11.  The computer-readable medium of claim 10, wherein the instructions further
comprise accepting user input specifying one or more parameters or associated with

one or more of the mathematical representations.

12.  The computer-readable medium of claim 10, wherein the instructions further

comprise applying a virtual protocol to the model of cholesterol metabolism.

20 13.  The computer-readable medium of claim 12, wherein the virtual protocol
represents a therapeutic regimen, a diagnostic procedure, passage of time, or an

altered diet.

14.  The computer-readable medium of claim 10, wherein the instructions further

comprise defining one or more virtual patients.

25 15 A method of simulating cholesterol metabolism in an animal, said method

comprising executing a computer model according to claim 10
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16.  The method of claim 15, further comprising applying a virtual protocol to the
computer model to generate a set of outputs representing a phenotype of a biological

system.

7. The method of claim 16, wherein the virtual protocol comprises a therapeutic

regimen, a diagnostic procedure, passage of time, or an altered diet.
18.  The method of claim 16, wherein the phenotype represents a diseased state.

19.  The method of claim 15, further comprising accepting user input specifying
one or more parameters or variable associated with one or more mathematical

representations prior to executing the computer model.

20. A system comprising:

a) a processor including computer-readable instructions stored thereon that, upon
execution by a processor, cause the processor to simulate cholesterol
metabolism in an animal, the computer readable instructions comprising:

i) mathematically representing one or more biological processes
associated with lipoprotein particles;

i) mathematically representing one or more biological processes
associated with lipid flux; and

i1i) defining a set of mathematical relationships between the
representations of biological processes associated with lipoprotein
particles and representations of biological processes associated lipid
flux;

iv) applying a virtual protocol to the set of mathematical relationships to
generate a set of outputs;

b) a first user terminal, the first user terminal operable to receive a user input
specifying one or more parameters associated with one or more mathematical
representations defined by the computer readable instructions; and

¢) asecond user terminal, the second user terminal operable to provide the set of

outputs to a second user.
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