WO 2006/066051 11UT/1iS20051045520 METHODS AND MODELS FOR CHOLESTEROL
METABOLISM 1. INTRODUCTION A. Cross-Reference to Related Application s This application
claims the b&rEAtS 9 'Provisional Application No. 60/637,106, filed Decdinb&i 18406228, Field
The present disclosure relates to mathematical and computer models of cholesterol metabolism. 1n
C. Background Modeling of cholesterol metabolism has focused on two methods to quantify the
dynamics of the particle and lipid molecule domains. One of the methods models the lipoprotein
particle domain, employing apoB-l00 particle tracer studies to define the synthesis, turnover, and
catabolism of VLDL, IDL, and LDL particle classes is (Prinsen et at., J. Lipid Res., 44:1341-48, 2003,

- Demant et al., J. ARTRAGHSIEN GG BRLEPD Rackad it T RoW RaE #ABIOBIZNP0). The

other method models 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: 1 94-&6@{ j)o}?é,r?#i?dy and 20 Ahrens, J. Lipid Res., 10: 91-107, 1969). Because
these models in éstF 9 C In separately, neither accurately captures the interaction between

the lipoprotein particlesAligit-ssoRefdes varcRldn calnpaptinatiymepatic, and peripheral tissues.

Provided herein are predictive computer models of cholestergl fransport that integrate publicly
available data on Iipop(racf)jizellsnd gqrfc Jgoélo‘“rlr?ﬁ)rgéi |()°nb§’ﬁe lnl(J)fn égr' orro‘é@ %%@p 'f?ﬁmtﬁéphd HDL
particles, lipoprotélroand s siiedabsocmbed l€n29ave and receptor activity, and hepatic lipoprotein
particle synthesis to geq;:-raée \ﬁfrtual profiles of blood cholesterol in an animal. The models are fully

) . el . . .
responsive to dietary and pharmacological perturbations that affect cholesterol synthesis and
excretion as well as entymptisatiityl caudetisbuiesreceptbemapras siohcohputer 204484k H6605 1 PCT/

U S2005/04 552%11%?&3 e%rl‘%%ﬁ(b%flitsl?ﬁ Invention One aspect of the invention provides methods for

developing a computer
10 C. Background
Modeling of cholesterol metabolism has focused on 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
models 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 Ahrens, 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.



model of cholesterol metabolism in an animal, said method comprising identifying one or more
biological processes associated with lipoprotein particles; identifying one 5 or more biological
processes aBddatifedrolith lipid flux; mathematically representing each biologicalFitweds i ¢enerate
one or more representations of a biological process associated with lipoprotein particles and one or
more representations of a biological process associated with lipid flux; and combining the
representations of biological process to form a computer model of the cholesterol metabolism. 10 A
biological processes asBociatathwith dipii€lixvennibe associated with, inter alia, lipid flux from liver

tissue to a lipoprotein paylicle, lipid, . oA dPRREGAI, MAMHIGIR BINELdiSaHe: JRichtdrom one
lipoprotein particle to another Tipoprotein particle of the same or different class or subclass, lipid flux
from peripheral tissdel of ahitpspresteinedaiets by f!lipielnﬁmltréﬁﬂaﬂq&bpﬁ&eliﬂppié?ﬁ%lé?@tafﬁéﬁpherql
tissue. In 15 cerigin ERRISRSIANGRS of e RYeRlR1g Mt ABAlReh BRHGSROLHANIS @ ilogical
process associated with lipid flux'includes a variable representing total cholesterol, total triglyceride, a
cholesterot esterfCE)Tpd patieid Rieeessidrse daitsel assh dmidgiyee mertaeytsshternserepinicle class

andfor SubC'assyc%&%%ﬁi&ﬁ;%gzp{m&s@ RESIRAIR SRZYMGANRPALETESRROL S BRIIBEL! receptor, or

a 20 therapeutic agent. A biological processes associated with lipoprotein particles can be a biological
process associale@wWithasypenseds vilclzeietein R aitickiapodshcotipep starespaiatires One or more

biological processesat PerassQciaisd athIipeRroiginRadicie Rcratignorp A ReRaAtGEypartment.
In a preferred implemeéntation of the 25 invention, the mathematical representation of a biological
process associateidnedsalipegsieseln ﬁ&ﬁﬁ@lé@%&ﬁé@@?hﬁﬁﬁlé ‘Fb?}leé&@ﬁ@l H@eﬁi‘é‘lﬁ‘é@pf lipoprotein
particles, g subclass of ARqproein PASIEISS: ADGENES REIPRPIOIGH PATtiRes<40ADPURARRIEIN
composition of a lipoprotein particle, a cholesteryl ester (CE) content of a [élf)oprotem particle, a

triglyceride (TG) ecftdint dflxifoprdisms pavwcle, aliropieior pastisleraiddlus ftam ohampspistein
particle, a hepatig.gnzyme 1R fapatie, 1gsamak {%r%tBﬁé@%%&eﬂQf%ié?e%@&Q@é’%@Fﬁétem

PCTIUS2005/0-45520 In certain implementations, the method of developing a madel of cholesterol

metabolism inclubidi tatHeheatieanyr dplesan shep s iskhyiess pisik eg figeheral tissue to a

lipoprotein particle, or lipid flux from a lipoprotein particle to a peripheral tissue. In
15 certain implementations of the invention, the mathematical representation of a
biological process associated with lipid flux includes 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
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 implementation 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.



forming a first mathematical relation among variables associated with a first biological process from
one or more of the biological processes associated with 5 lipoprotein particles and/or lipid flux; and
forming a se%ﬂ&"ﬁ'w(é‘fﬁ(é%]‘atical relation among variables associated with th& fifst B18¥8¢iatprocess
and a second biological process from one or more of the biological processes associated with
lipoprotein particles and/or lipid flux. The method can further comprise creating a set of parametric
changes in the first mathematical relation and the second r(gflthematical 10 relation;fand producing a

simulated biological attridftecHALEE BRI EL8H N SRR SRXAGERE M IS St skt ftric
changes, the simujaéeshdiglagicadatirhutebeingisphsiantmiy CoBSSRRt Vithoat deastangrRiglogical
~attribute associated with a reference pattern of a first cholesterol metabolic steady state. The method
can even further ifETRRBOHGE AT L 31 ATt SR A ROB BT RRr Y LR 15 value of
. which changes upeib Reituliaiiesofreholerieahbameastasts dniad provasdbessparasdeigrtbeing
associated with at least one from the firgl} m@thgﬁati_c?é{?lation and the second ma‘gqematical relation;
and, producing a SHRESUFGRATTAHSS BROISGICRIY At ATs BRRE 81 GRandmoheae baid iRt Variable,
the series of simulateshpioipgiset atobiutes batnchsubstanilalycabpaisteptandth sccoftespandiag
biological attribute 20 ass%ciated with a refefrﬁlncge attern of an animal, the aeri.e}%of simulated
biological attributdd P& eRERA LSRR LIS BB RIRESHE S RSS05 A RhHRRRFUE e ct of the
invention providesmgoetiykitandeadipbdefnedibhbarinig Comutérereadapisenstadiipasatofed thereon
that, upon execution b}/%a §ro%essor,. cause t@e processor tols'mulat%%golester I me tabotlis, inan
animal, and furtheP2%' HE AT Tl gtlgﬁsr%orﬁeﬁﬁ%écgl)rge |lr?|rﬁga%1 mathernatica eﬁ‘?(%s‘%‘htation of
one or more biologitalprosesprsiacsgciatec taithl lipojumtalepatiickebatdietiningast onathematical

representation of one or morel{blologrlcg! Rrocesses assocmateigj with |@d ﬂux}'a?g c(} defln&ng a set of

mathematical reIatPc?ﬁ%xﬁ%g etiesn e represenf)aatrlglﬁlgt%(f %lgﬁﬁf‘l%’a Ersolgé%ses 0 (l)or%cg model of

cholesterol metabatigtibuie Eemeiehaansaliy ptemeantatiomn thécassivuetinnbiricti ettcbotprismaatabting
W0 2006100605 RUSrA T G008 B0 L b e e el s Mo Qi ions
can include applyirgen fuirtied ipptdealooviire np edelrahetw lestezalometsiod| sl o Bireferaidy] chbevirtual
15 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, producing a series of simulated biological
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



protocol represents a therapeutic regimen, a diagnostic procedure, passage of time, or an altered diet.
The instructions, optionally, may comprise defining one or more 5 virtual patients. Yet another aspect
of the invent®f PGS 'methods of simulating cholesterol metabolism in aREHi I ¥eddethod
comprising executing the computer model described above. Because they include lipid and particle
dynamics, rather than only particle dynamics or only lipid dynamics, the models of the invention are
capable 10 of modeling chronic therapy responses and maintaining mass balance of the lipids.
Preferably, the riftfssentasiitre SHsHMiImYCE vRTURIMEEtOE0IES tHetesHPRRrEAIBERNOLRIENEIAtR a set of

outputs represenfing,a RHcREMRAIRS A HIRICHCALRSAM MRS YEUR! REPIPAAL CAR teRigSeNt inter alia,
a therapeutic regimen, a diagnostic procedure, passage of time, or an altered diet. In certain

implementationsPiecsdrareseplid Iraprade reimeisddagnasis PEAgeasRplIsiEs. of HEhethod of

simulating cholegterl,MeiRPOHIR FRA-ASR COMRIISA R CRRINDHIRTSBLE SRENERG Ae.or more
parameters or variable associated with one or more mathematical representations prior to executing

the computer md’él’éll.abi‘?éi%fgﬁect of the invention provides a system comprising a) a processor 20

including computer=rea@%bl§1m&ug§1m@ StARRAHNSIEAN ShakidROMmaxeaY ieR X RtiREOCessOr, cause
the processor to simulate cholesterol metabolism in an animal; b) a first user terminal, the first user

terminal operabl6MJ eI B sLRYISHPIR ¥paRif g HhB DR FOHRFEINSIEFS HERERE SO RN Bne or

more mathematigglJariesenaliansyeletingdiy the, compidepiaagalie st utons:ansitransacond
user terminal, the 25 second user terminal operable to provide the set of outputs to a second user. The

computer readaiRlYtrtickotssrerer AI9THe RIS SynstsmRsang sl s gnone W rgable

biologicalprocessemagsngiataconithipapkoteip et Gies midinalhRp alica | bal lepseTantingiage or more
biological processes associated with lipid flux; and iii) defining a set of mathematical relationships

between the repra&ibtiorBomstiediealetes HebaagL A REAWRK R I8 BRI HALE fhd
representations gbhielegicalt of WP ROEIGCAEARAL ThéhdBARAF 425130 dalaserses Rssouiaigad lipid

flux; and iv) applying a virtual protocol to the set of mathematical relationships, to gengrate a set of

outputs. It will bePSIBraLEAREBYESHRE P&kt PR hEFBIMSBdfsesaROStIC procedure,

passage of time, or an altered diet. In certain implementations, the set of outputs

15 represents a diseased state, e.g. dislipidemia. The method of simulating cholesterol
metabolism can also comprise accepting user input specifying one or more parameters
or variable associated with one or more mathematical representations prior to
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; i1) 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



summarized above may be used together in any suitable combination to generate s additional
embodimen%gg‘[ (Se(>/<’(r(aissly recited above, and that such embodiments are considered to be part of
the present invention. ti- BRIEF DESCRIPTION OF THE DRAWINGS The SKill SHSAHIRAH
understand that the drawings, described below, are for illustration purposes only. The drawings are
not intended to limit the scope of the 10 present teaching in any way. FIG. IA provides a flowchart
depicting an exemglar‘grembodime {.of ?&meth d for developing a computer m(%%el of cholesterol
metabolism in alSSAAT ETECH MR Lvss LI b RBIAR) SSRGS 1 S s to a certain
class or subclassnhéseshdnadotelblipicicprtentcd& #tG. 46 diusitptes a exemplary set of biological
- components taken into gonsideration in developin nodel of chaolesterol metabolism at
homeostasis. FIG. ID illﬁts‘f/r%@g grﬁéﬁg’a\é o({‘)’é’ %‘r?sgggﬁsﬂbtgl%%g% ‘ﬁé %Fé%%l(l)’l B%l?ﬂ(t:ﬁes within one
. implementation shthmaniedtidiovE ia2hd usthtegeince xe mpylanitebhbodithentiohao gdfhecitbiagram
depicting 20 apaf, 100 anc iDL, paricle composiian monitars, FIG, & lustiates an exemplary
embodiment of a ummaryrﬁlagram]rl ﬁaﬂin B Roalies Yo the 1 opro %lnuﬁarﬁ?ﬂe omain and the lipid
molecule domainobRkBlededltustratestarnt ehxeprgskaryiemdbodiment of a lipoprotein particle module
diagram for the ApoB-100 particle module depicted in FIG. 3. In particular, FIG. 4 25 illustrates an

exemplary embogimeppian idiepi PR rRGEePigENB ewsRibesis, reclassification and catabolism

of ApoB-100. FIGS. 5A-5C illustrate exemplary embodiments of module diagrams for the VLDLI,

VLDL2, IDL, LDL-L andlImiskslisdmidiean deibicedriptmdthat thedmwingsddegibpdeiedey Disgfem

depicting VLDLI AN 3k Ao ofaliogh il 30 k3 REAUIES AGIRELDIA0Idepicting

IDL particle remodeling. FIG. 5C provides an Effect Diagram depicting LDL-L and LDL-S particle

remodelir§. -5 WS e6E1E51 PETAY-52005/1 145520 FIGS. 6A-6B illustrate exemplary

embodiments of lipid melgguje,deRaRs M‘&%%‘AﬁWiﬁ@%@ﬁ%ﬁf%@ﬁﬁ&ﬁﬁ@ﬁ%?dn FIG. 3. FIG.
pid s

6A provides an Effect Diagram depicting hepatic li ores. FIG. 613 provides an Effect Diagram
depicting method for developing a computer model of cholesterol metabolism in an animal.

0]
(0]

FIG. 1B illustrates an exemplary method of partitioning particles to a certain
class or subclass based on total lipid content.
15 FIG. 1C illustrates a exemplary set of biological components taken into
consideration in developing a model of cholesterol metabolism at homeostasis.
FI1G. 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-lOO 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-



peripheral lipid stores. 5 FIG. 7 illustrates an exemplary embodiment of a module depicting cholesteryl
ester and triglyceride flux between the lipoprotein particle domain and the lipid molecule domain
depicted in B8 2¥ R provides an Effect Diagram depicting the effects diAPBEHO-HAH HDL
particle synthesis and catabolism on cholesterol ester and triglycerides stores. 10 FIGS. 8A-8C
illustrate exemplary embodiments of modules depicting the affect of enzymatic activity on the

composition and numb B-100 lipoprotein particles depicted in FIG. J. FIG. 8A provides an
Effect Diagram depictin%ﬁ%gﬁgt 6&%@%%%%&5&?3@‘\%5@%% \Vﬂbﬁgll a{(r%ilaglslé.cl’f{&. %’%"b’?i‘){ﬁdes an
Effect Diagram bepittingsthe net pngyme lactivitydeplDedpartities: HiG: . 8Q. providies anlist&ffect

Diagram depicting the net enzyme activity.of LDL-L and.LDL -S particles. . EIGS, .9A-9D |llustrate
9408, 0el ENZYme, § RS SR |

% L AN < > t 2 1: -.,ﬁ_ Ny > 4 Y
exemplary embodinients of modtles depicting the “affect of HapAlc aRd peripheraranzyivas B&d

receptors on therdelipiciatibipidfsépeB- 100 particles and HDL particles depicted in FIG. 3. FIG. 9A
provides gn Effect Diag, icting the effect of certain hepatic.and peripheral enzymes an
receptors 20 on delipidgtllgggr':| gﬁ ﬁ%’é’ 160 gﬁgnﬁgfyp%lﬁ?élé?s@ f&g%«?@@?g}gﬁtgﬁg& %f’a%rrgm the
activity of hepatiesliprasai(Hilz) ard dip S proteim tipase: (LRipratwedhthain affeictnosinlipid fhexifiliG. 9C
provides an Effect Diagram the activity of. SG ger, receptor . class (SRBI or SR-BI).and its
effect on lipid f|u§‘%?%g{§gg’ﬁt’r’8’\}’ud&eég‘é¥ﬁ“8 ﬁﬁ%?ag?r’a{’mcg‘b‘?é’%mcé “egé%gft%f‘ r\?vmdg‘ﬁ%ﬁ?‘??p%hﬁrotein
receptor (LDLr) 28emtivifyAFoB S Oomd BID llpsttale exetinpsiarynémizebihentsotimbdides depicting
biological processes, g Iﬁ@c’: @Q‘!mggrticle synthesis, reclassification and catabolism. FIG. | OA
provides an Effect Diagram depicting synthesis, reclassification and catabolism of HDL particles in
general. RIG, | OB provitéssad/Efiedi Ditrgtank 8drlepictingodidiepantitle cdwhodidmgtifmiGied OC

partcles. FIG. 1 0 6 W0 Z00M bR T e T PR AER B oo
depicting net enpptisigeiepjctpamdiiery - oF LC AT, ptovaled @ETfei PibgrantFibing tharticles. FIGS.
11A11B iIIustrg]{gWg&QI@M, gmPeaIMents VL@%%%&Q?&'C%@@ 8B provides an Effect
Diagram depicting the net enzyme activity of IDL particles. FIG. 8C provides an
15 Effect Diagram depicting the net enzyme activity of LDL-L and LDL-S particles.
FIGS. 9A-9D illustrate exemplary embodiments 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



cholesterol ester transfer protein activity the lipid composition of HDL and apoB-100 5 particles. FIG. |
| A provides an Effect Diagram depicting CETP activity in HDLI particles. FIG. 1 | B. provides and
Effect Diagralt depteitg EETP activity in HDL2 particles. FIG. 12 iIlustrates"é‘r?/é&‘@&'ﬁd&ﬁ"—’z"
embodiment of modules depicting additional biological processes that can affect the synthesis,
catabolism, and lipid composition of 10 ApoB-100 particles and HDL patrticles. FIG. 13 illustrates an
exemplary embodiment of a module depicting dietary cholesterol transport. FIG. 14 illgujstratﬁifan

exemplary embo8MEAEDRAGALIR BRI HIEISHAB ISt ERFICAF RERShra TNSHARRbYHE dati-for the

biological procesggs depietedimtne.dbrmadules:iEiksS. 15A-15H illustrate different configurations of
" vector diagrams of net TG and CE fluxes. FIG. 16A illustrates '&]e ApoB-100 partii%le.composition ina
11

reference virtual patient S FI& 168 il ISt SYRE RHEL COIRL BRHS L R AL e RIS &statin, on the
. ApoB-100 particlgienmpesitiarinrangieisoeavitual patienpidl ondfisiilbisrated the ApedB 100 particle
composition in a Type lib dyslipidemic virtual p%uent. FIG. 16D illustrates the effect of Ftti]era\peuti(:
agent, atorvastatif" B the F55- A oBPE00ds8 Afbfe 5P BSHN SIS Y BySipilémicVitthal patient.
FIG. 17A illustratgsrthack D1 garticle, eompesiion ff-a efegenaealvisittal g atiEPtadti GrylinBliblstrates the
effect of the therapeutic agent, atorvastatin, on the HDL particle composition in a reference virtual
patient. 30 FIG. PSS trates the HDL particle composition in a Type Ilb dyslipidemic virtual patient.
-7 WO 20061066051 P(FIGU 3iRA6wio4 ab2Reinifard kriboldiustiates thel wiffe depictive; thdiapeatic

e kBT STResieD ., Tipe b i sl ot 55
10 ApoB-100 particles and HDL particles.
FIG. 13 illustrates an exemplary embodiment of a module depicting dietary
cholesterol transport.
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 Ilb
dyslipidemic virtual patient.
FIG. 16D illustrates the effect of the therapeutic agent, atorvastatin, on the
25 ApoB-100 particle composition in a Type 1Ib dyslipidemic virtual patient.
FIG. 17A illustrates the HDL particle composition in a reference virtual
patient; |
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.



plasma lipids in a reference virtual patient. 5 FIGS. 18C-181) illustrate the effect of the therapeutic
agent, atorvastatin, on plasma lipids in a Type lib dyslipidemic virtual patient. ILDETAILED
DESCRIPTION @ weRsiew The invention encompasses novel methods for levalepingiassemputer
model 10 of cholesterol metabolism in an animal. In particular, the models include representations of
biological processes associated with both lipid flux and lipoprotein particles. The invention also
encompasses computer models of cholesterol metabolism, methods of simulating cholesterol
metabolism and computéiCsyistErmidufsrasistbiatifigetod Ibsttrolameatabefism, dibrBadDefinitioniseA
"biological systerpl"ch Jggblycdgd for0 ?F mp{llea an igq'%i ug{ic%&%gglllggtipn, tpgngglls su'ch as a cell
culture, an organ, a tissue, a mu t-ceflular organism such as an individud himan patient, a subset of
cells of a multi-cellular drifafisibAel&B pbputatioh ot fuglitio€ dilel ke omgamis ms:sy ehoagaat groupnof human
patients or the 2_ ggggrﬁbmérprgg r@ﬁ&%actgqq %app\gggj@_. A bi_ological system can also _include, for
example, a multi-tissue system such as the nervous system, immune system, or cardio-vascular
system. The term "biologié# cbtipbiientiusifers e e ffertiohtd thbiadogicahgystemmmadbiviogical
component that iﬁlgggaqﬁﬁg%o;giﬁ éYﬁJ%E%ﬁi?mL@ﬁlw?még{ %%nple, 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 limited to, metabolites, DNA, RNA, proteins,
surface and intrad&if Tr‘é?:b&@r?ﬁ@ﬁ?ﬁ/m@ﬁhﬁid molecules (i.e., free cholesterol, cholesterol ester,
triglycerides, and phosphokpid}iiaymones, cells, organs, tissues, portions of cells, tissues, or organs,
30 subeellular organelles, chemically reactive molecules like H+ Slégéearoxides, ATP, as well as,

combinations or aggreg%ﬁé‘ﬁ?é’é‘é’ﬁtﬁﬁ%‘?@%éé’é’@bé@@?ﬁfof@@ clgnwe 249087t cs ordel

PCT/US2005/04 5218l SeroPRiaaibstidmhad diian:Riolegisat kamPane Ms &8 ifnglude therapeutic
agents such as HMG-CoA reductase inhibitors (e.g., statins), cholesterol absorption inhibitors (e.g.,

ezetimibe), MTP TRATBHBYEan. ohBinlogiet Prortsistars Qe e dsritbiapiipissflux and lipoprotein

particles. The invention also encompasses computer models of cholesterol
metabolism, methods of simulating 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-celtular 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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well as combination therapies (e.g., vytorin). 5 The term "biological process" is used herein to mean an
interaction or series of interactions between biological components. Examples of suitable biological
processes, intlUE&HISYe not limited to, lipoprotein particle synthesis, apohPoOBIGT&IesiHosition of
lipoprotein particles, lipid composition of lipoprotein particles, catabolism of lipoprotein particles,
remodeling of lipoprotein particles into different to classes and subclasses, storage of lipid molecules
in hepatic and peripheral tissyes, éand tr nsportﬁf lipid molecules between hepatic, vascular and

peripheral tissueSCTPREMEBHN “BitfgHioR BIOtERs?! SOMRRIISTR RAIL A LA B RETEDAEBr more
therapeutic agenis, Hon@x@sepledbe protesbipfrbirdingadheraprikicagessiamicalluiasi imediator.

Each biological variable of tb\g gi logical process can be influenced, for 15 example, by at least one
other biological vrfabfé HHR igfglg?ég}‘g?%ésséﬁy §8§1§ S%%Cgié'&’i"n%fé%rﬁa(ﬁi%m&’\rﬁﬁfé’ﬂﬁ’éeﬁsnot be
specified or evenwutiderstadsindhienterefaiiey amelentisiyed herein to mean a value that characterizes
the interaction betwee%wo or mpre, biolgpical componecrll : Exa{nples o%ﬁaranjet.ers include affinity
constants, Km, Kd, kca,, hetfilk SIS FbRRERE, SUMTGE LRSI dBtERER IntfHi§lycerides
(TG), out of eachoparticlebiasbarvetintdiloagatia oonpenpheralbstengscsatEsafteblelesikigiksynthesis, rate
of triglyceride synthesis, rate E)f synthesis Ofﬁlgﬁ)B-]{OO Particle classes, and rate of HDL particle

R AraBis M aE RIS B AT SALHSES AP BRI

formation. The tefm “Vananie, 5 B‘slctaarﬁél%in re“eedrsotb
component. Exaraplgsafivardiipspraieidethgctotalipideberpokiipapodtepo p2&ganiaitdethe number of
lipoprotein particles of a particular class or subclass, apohpoprotein compositian af a lippprotein
particle, choleste?ya}?aggt?éﬁ@ ‘BNt oF a§ 1|Cp%spf8{]é?rﬁ{%fén ’C(Fér,? i {/%g}ldga(jll éfscgﬁeﬁffgf?t
lipoproteinoparticldasses anthsldsiasst{ ) regateitipi andipoplatéintpadticlanp peiphaancentation of CE
or plasma conceptration.of. TG, 30 The eifo. phenotyper. s used herein jo,mean the fesult gf the
occurrence of a series of 8lo%g|ga?processes. A the |8flog|ta?‘processe§ %ﬁ%n%% relative to 6ach -9
WO 2006/066051cRtiTRESH0B/0nB52¢) athels¢hechiBrmprpecalscoundeiggeschanyes. One

mecsurementof OGNSR AL e Lt AR A enl
mediator. Each biological variable of the biological process can be influenced, for
15 example, by at least one other biological variable in the biological process by some
biological mechanism, which need not be specified of even understood.

The term “parameter” is used herein to mean a value that characterizes the
interaction between two or more biological components. Examples of parameters
include affinity constants, Ky, Kq, kca, 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,y 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



A phenotype can include, for example, the state of an individual cell, an 5 organ, a tissue, and/or a
multi-cellular organism. Organisms useful in the methods and models disclosed herein include
animals. TheMErtA™4HitHal" as used herein includes mammals and humans. X pHERSKIEEAA also
include, but is not limited to, the total triglyceride, total plasma cholesterol, LDL cholesterol, and/or
HDL. cholesterol present in an animal. These conditions can be imposed experimentally, or 10 can be
conditions present in a patient type. For example, a phenotype of total system cholesterol and/or total
system triglycerigghearihinabeeothipertlmpmdsranssiatarssparac sacprasartihodiff@RsROipRp o8

classes for a heglthy; noLPQURIIE MG AAIENT aRARIReL RBMAIR IS PheREYR Ok Igiat Sygfem

cholesterol and/or total system triglyceride can include the number of lipoprotein particles present in
different 15 lipopFotsiansdamsies sopei g mRiamenitemn rgBmsGther ¥ beRdie, the phenotype of
total system cholesterol ﬁ“ﬂ(@ﬁ&%b%@(@l&ﬂ@%‘?@ﬁﬁrﬁﬁm't’l%%i@téhﬁ MRbeiRfaligapratein particles

present in different lipoprotein classes for a patient being treated with one or more of the therapeutic
agents diséussed@HI9Bva [TFHectarl ofiaaads sellvlesaisay HRrehr edims s prhdn diygasislt one or

20 more biologicg},pracasnes: ap alaterie iheuerussRitNeHnieahsignmaf thedeensrsin-or
example, a disease state can be the state of a diseased cell, a diseased or%?n, a diseased tissue, or

a diseased multi-B6iivisr SrepamSH AndAWBRES 0P IRSASES thet it AlS BB HEBIISL L Y&y EA Lt
disorders, such agfyner W@Wﬂ@%miﬁzﬁlgﬁmhw&{ﬂmm, melafelicdiseraaissubias

non-insulin-dependent diabetes mellitus, 25 metabolic syndrome, fatty liver, and medical conditions

associated with 2HABEErALPARTOMGHE il hehroRi T erte dneRsad SHREFEREIAYLOTA

diseased julti-cgliyigs Qsaanism pA&R,if0F FxMPIopan Madividuat BUMmarHRABAL fag¥pseimhuman
patients, or the human population as a whole. A diseased state can also include, for examgppzle, a

defective enzyme b asEEEt ANl 67 eamiizhresmiasas Bredeflbprm ba?dw&r%&? as a

deficiency in CETRaithepessiniatianehMigobrothichiiay recuhdaidiffatenitiigdasrnsiitissues.
_10 WO 21106/0(605I PC.T/US2005/04>5,20 The term "‘simulatio "is u?e?HQerein Eo mtean the
numerical or anal{tiRBPTREE G DrtAcrRRmaRT QA A RYStemy @é?ﬁﬁfé’ ANMINRISR EXR'Hean the

numerical integragionekiie: vathsamaticalonadelebiheppheneiynadieingddyiie different
15 lipoprotein classes for a dyslipidemic patient. In yet another example, the phenotype
of total system cholesterol and/or total system triglyceride can include the number of
lipoprotein particles present in different lipoprotein classes for a patient being treated
with one or more of the therapeutic 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 ﬁver, 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 p'atients, 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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above equation, i.e., dxldI=/(x, p, t). s The term "biological attribute" is used herein to mean biological
characteristics of a phenotype, including a disease state. For example, biological attributes of a
particular dis&&sg" {)él "fRtlude clinical signs and diagnostic criteria associatB8 ithiHeHisetse. The
biological attributes of a phenotype, including a disease state, can be measurements of biological
variables, parameters, and/or 10 processes. Suitable examples of biological attributes associated with
a dyslipidemic disease state include, but are not limited to, measurements of total plasma cholesterol,
total triglycerides, LDL chtdstBroRawaten” shoiedasaiinmnaietmthroterasaetatentl Y si’ded herein to

mean a set of biglagigali Altsbsiasihataameasyredinahosmalial diseases birlggigal system. For

- example, 15 the measurements maybe performed on blood samples, on biopsy samples, or cell
cultures derived ABTACRFMAEGH BG5S b FRIMERASI AR @&é@ﬁ@’é@ﬂ@fmg Byl bvidgical

. systems include gliulaspraasimal madets/of @ysjipidemic phenotypes, and arthrosclerosis. The term
"simulation” is used herein to mean the numerical or analytical 20 integration of a mathematical

model. Fof example, simtitiGHtaRiehesealptirutes e 465t BaraiidA BrHER RS atical model of the
phenotype defineghhwiheisabeve LANEHINDHEan AddiE diBed)e Thecteryy "biglagicabosurateristic” is
used herein to refer to a trait, quality, or  property of a particular phenotype of a biological system. For
example, biologiéﬁ?%@%&%ﬁt}é@@ﬁb@ﬁfi&‘ﬁﬁﬁ%ﬁﬁ%ﬂ‘bﬁi‘@s' G KO AR HIRBRPYigEISHd diagnostic
criteria associategsvitntbe disedsedibbadiobgisrlickrractensties of a pielagigal, fystadmncan be
measurements of biological variables, parameters, and/or processes. Suitable examples of biological
characteristics as8B Sttt BEATE 6P EHSI8 P&?%@?aw TnBRIE SRIE Bt limited to,
measurements obiotakpdasiBaifa0ichalasiteob toial siglycerdesch isalislesierl adgdsbHpdceatiolesterol.
-I'WO 2006/066031 11cT/uS2005/045520 Thel.term ‘corn tI,ter-readapIcfmeqsiu "is used her?in to
include any medifiFeaicHIE REBiHBE GO ARG BPERL UMy Wsmea - Pl ﬁ@r@?&?&é? orming
the methods desetiflad flereindand Cin shelederdduambHIDDiteitbiestoptical and/or magnetic storage

devices and/or disks, and, carrier e signals. . . . :
nijhe term ‘vye erencge paftern” is used herein to mean a set of biological

attributes that are measured in a normal or diseased biological system. For example,
15 the measurements may be performed on blood samples, on biopsy samples, or cell
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” 1s used herein to mean the numerical or analytical
20 integration of a mathematical ’model. For example, simulation can mean the
numerical integration 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

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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5 C. Methods of Developing Models of Cholesterol Metabolism A computer model can be designed to
model one or more biological processes or functions. The computer model can be built using a
"top-down" afpreaettieatt begins by defining a general set of behaviors indicetiVa 6t iNeisgical
condition, e.g. a disease. The behaviors are then used as constraints on the system and a set of
nested io subsystems are developed to define the next level of underlying detail. For example, given a
behavior such as elevated plasma cholesterol concentration, the specific mechanisms inducing the
behavior each can be mtblelechin' tarmpyielsirgl e ketnoflisubsysterd dianhichodanltdenisevedive
deconstructed and,modeled in detail. The control.and context of S e,
aready defined by N0 BRI 1S B e e
deconstruction pnoctissiscdrinibed neodelimg! wioreahd mbresiblogited ém encd peibwnnagtititere is
enough detail o (eplicate,o,diven isladicel hepayiot, RRectigall, the model is capable of modeling
biological processes {far can be manipulatéd by a drug or othér therapeutic agent. 20 An overview of
the methods used to develod cthogutdriPeucioiping dfiokksltcebChweatroid ivietdhadisaned in FIG. IA. The
methods typically begin By Aielifving daa. ASROSIAIEHNID SRAIE LA MAIACOHRTE. AP ARl The
methods go on to identify one or more biological processes associated with lipid flux and one or more
biological processefiassouiatétoviomipoproteieiyanioebuithesimetho@merrabnipasmsiibastep 25 of
mathematically re@grgmgngm@gg@w RPRYICRI RIS R IRGRIPIPSIGRl RIACRINERAD P
mathematically représented in any of a variety of manners. Typically, the biological process is defined
by the equation, izedishasit=ikhpbehasorsesertberi usetbes. conetraipte sarihaisy it ard prscossssted
associateqwith the iy tegﬁmm%ﬁ)@gm ed A Prediqive medels A iahalealeratspekakpliem are
formed 30 that integrdte data for e.g., VLDL, IDL, LDL, and HDL particles, lipoprotein and -12 WO
21106/066051 P@ivEs2bosviessrh assegsatekplasmachalsaoberprsaspiinmiorpesifig hepatic

lipoprotein particle, synthesis fo:06Re e weNiu! blapd.shalesterabeiafitefor Ananimak biG. 3

illustrates various biological processes that relate to cholesterol metabolism in an animal. Two primary

domains affect chelesisienmethishlisn thsmssivse peoteroparteied dodh e dslediHedsd mbcule
domain. Each of these dQmALRRt of these subsystems is, therefore, already defined by the behaviors

15 that characterize the dynamics of the system as a whole. The deconstruction process

continues modeling more and more biology, from the top down, until there is enough
detail to replicate.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/d=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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dynamically responsive to changes in the environment and the phenotype of a subject. In a preferred
embodiment identif?in(g a biological process associated with the lipoprotein particle domain
comprises id\é/lﬂiﬁ')f Y 4iblogical process associated with synthesis, reclasdifidatisH &y atabolism of
lipoprotein particles. One or more 10 biological processes can be associated with lipoprotein particle
secretion form a hepatic compartment. In a preferred implementation of the invention, the
mathematical representation of a biological process associated with lipoprotein particles includes a
variable representiigcaeres eI EERTBieii bERNEY, 3 dvibo 488 BEPRYSPHoReneiSH eI number of

lipoprotein particlgs e aReiRapraieinsampesiian i giad tefgRartigiena cholesteryl ester (CE)
- content of a lipoprotein particle, a triglyceride (TG) content of a lipoprotein particle, a free cholesterol

(FC) content of a_lipoprdtkin pHMISTEES H@pate Wesie! Amepuse frtdptee br davestsptutic agent..

The biological pracassessatersaeaiBflaSULh dhaimaReddtine repgsaiatiens of thesshisipgical
processes are combined, they are capable of inteﬁrating the 20 interactions between lipoprotein

particles and lipid' ARPIELER ST kAR sRE A dhp HBI TRSGELE fIPaRarfiprd lidicserianaastfeting
lipoprotein particlgysiagicalumbsio eassilicativpeseslassiicatiomandsOmpositian sanbe Wtgerated
and computer models formed that aimulate blood cholesterol profiles in healthy and diseased

animals. The diseases tHaf BSHBEhTRERUMEdlegahane ldsiagial Psosrstabsreieditkhs, and

pathological stateBeAssesiated pith Adn@sthshadianjnsehalesierehHamRastasiPp o samesesiediments,
methods for develog&ng computer moﬁels that simulate cholesterol metabolism comprise identifying
I

a ] )
biological proces¥at ARSI ACHATT RN, hEREHSTHRY R B G A IS8 e O™ PR Fnethods

include 30ddentifyiop picddgicatpracessbs dhatcaffeCtihi Apxrbiividsdaetwessrbenatisstares and
peripheral tissue stores. Other biolotgiéalé)r%?ess s of &se in the mgtgods -13 WO 20Ufi1066115I
PC17 t152011510PASS SO RESERFRe o T & RH SHER HRPIBIY R H P CRE S8eeRBEBCitltR d with the flux of

lipids between lipephetainipdritpaschatienafnpldaohiglogipadpracassemiayaadiopretesynthesis,
catabolism, and reclaslsificatlio of lipopratein particl.es can affe J.the flux of lipids between the various
particles present?ﬁlg%%lgb(icué?essfstéﬁ%@ﬁéeﬁlg?gﬁf@%ﬁ ‘b?géégc §’8Pé°§%3fé8?éﬁ,° ch S[H%‘E}%‘é%

combined, they alipqapsaditepafticlegratingntiee of lipoprotein particles, an apolipoprotein composition

15 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) content of a
lipoprotein particle, a hepétic enzyme, a hepatic receptor, or a therapeutic agent..

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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interactions affecting lipid flux between the lipoprotein particle domain and the lipid molecule domain.
In some embodiments, methods for developing computer models that simulate cholesterol
metabolism ¥oimptis@qelEntifying biological processes associated with 10 lipopfatéinzpedtidie Bynthesis,
reclassification or catabolism. Such biological processes include the flux of cholesteryl ester (CE)
between newly synthesized lipoprotein particles and existing lipoprotein particles, the flux of
triglycerides (TG) between lipoprotein particles, baseline apoB-100 synthesis, the incorporation of lipid
from hepatic storéssimtbeddwiyisyntthediz b ldBictartivtessesatstosiaiad of i@xigunduz® phpidtes releasing

pid into hepatic o1, peHpEIA RIS SIRHGHANG SEURBAE okl Rl bhods ) AIIRERRIPIHE.0 SR-B D)
mediated removal Or additioh of lipids to particles. For example, biological processes affecting
enzyme and r_epesmnha@smmwéﬁpw@ﬁhre@lﬁasﬁwa@@ eéduperiche paerlfieaaaridieentputirmodels
formed describingthe; fole. Qfdheas. SARYRESAN GE: R fluxhaieen dpeniotaindsdicis.The
biological 20 processes are selected, such that, when combined, they are Capable of integrating the
interactions affechiegasreaeiditohscdedigiaehdppopretetaphiiethshes e nanshheobsscgrimgshom

lipoprotein particigg {hag senLHRIie o patisls tralssifigriofs JRo M F.eReROgims M Snahalestriol

metabolism can be modeled by identifying cholesterol transport pathways involved in a flux of lipids
between and withiv® k¢raizsigsprotein particle domain and the lipid molecule domain. In other

embodiments, cholesteglimatabalismrenLemacelad Reinespiing ik RlefNgdiRifnulate

composition of lipoprotein particles in a given class or subclass. In yet other embodiments, cholesterol
metabolism can lseatrsEER sk HE S PrRBEshiph s RTpepiRIe s5aARAHE Sibsequent
reclassificafion ofthaseparisierintQRAdiferantdiprpiatpinclassesidhe uehangesituthe lipid

composition of the particles. In certain implementations, these various methods for modeling

cholesterol -14 Wp2esgoadsderpp flvs soebegsisnd estersbsiitatwnrprsaney tyatbesisi state |
responses to periiations ip.ehalesiaiolhemeasiasisichb ARtdredict ignserithanars (maholesterol

homeostasis that occur within 24 hours of a stimulus, such as a change in diet or administration of a

therapeutic agenbetigen peripisiamarsshsnbascling B 80ewatheitpdrcoraesrovtismidididan be
modeled using thg Jpethpds AgSRABRE RRARID sihBRSHQI ANV Sarticles, catabolism of existing

15 particles releasing lipid into hepatic or peripheral lipid stores, and enzyme (e.g. CETP,
HL, LPL) or receptor (e.g. SR-B1) mediated removal or addition of lipids to particles.
For example, biological processes affecting enzyme and receptor 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
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implementation, the model of cholesterol metabolism can simulate transient dynamics associated with
cholesterol metabolism, such as those which occur following food intake (post-prandial dynamics). In
some implenfehEFR& e methods comprise identifying biological 10 proce¥SESHMSALTEY with
lipoprotein particles, wherein the lipoprotein particles are assigned a particular class or subclass. FIG.
| B illustrates an exemplary method of partitioning particles into a certain class or subclass. In this
implementation, a class . or subclass, of particles is defined by the size qf particles within that class.
The particle sizé*?gtg%‘fgﬁ’ﬁihﬂg B‘)"Fé'lf Fﬁﬁ}ﬁﬁ@dﬁéte{ﬂLﬁ?ﬁ@oélls‘éﬁ&&i@%"%\‘l‘fﬂ‘ﬁf@l%gﬁgr@&ntained 15
within the particl;wohiusstaspadieuar slasswitlcostaihpardciaschllibaviagibe aamsissize oeeurthe same
amount of total Iie/id evezl% houggﬁihe amqftgnt of cholesterol or t(ii}%lyceri e will vary frgm particle to

particle within the' QB> 1BHE 3 SHIRAHiSHOb IS IRBEE e T BIHANASP L brticle exceeds
~ the maximum lipitheaptant ¥gdeich Jatisflierite isnesizgconstrbmtdanitvpartclemtass fthgypatticle is

reclassified 20 to anether, larger, parficle class. Similarly, if the tatal lipid content of a particle is less
than the minimal W6F§%8?ﬂé’ﬁtgﬂ8ég‘§§a‘%§}%@ﬁi@ﬁ}?ﬂé?%gc?%ﬁ%"éﬁﬁﬁ%né%ﬂn& %{Rﬂ%fég class, the
particle is reclassifipittecatstivalehclasd et sikitaing: thie tenstan tsfing aof ppartielasivithina

particle class or subcla sy In.cer air11 iwpé(?rrrwneptt)atlons, the model of ¢ oestgrolt{nl?taboli M is capable
of 25 simulating & DIGTOGical Sy StenT At RomeaStaie, WiNeréih ChsieSierd I STHINE SIS BE AdSition and
uptake are all in hatdaagobtrpexaingléyahaislogical system in homeostasis is a human subject after

an overnight fast. FIG. 1C illustrates several bioF ical, components ﬂﬁ?t eferably are considered in
e S A

. SOMe 1 entations, the'methods Comprise
developing a model of choREsteroPmataboliSh  at hidhieostasiE it Ipi etween

particles and 30 thedbsses hetwaaedeaiibhigraptissesafiiicistratdefeynhthmbpoboetesd padipastales and
between particles of different classes preferably,are eled. Further, it is preferable -15W
20061066051 PO ESOLLIRIAETR FR AL PRI ggcﬁlé]n Sirice an lom 366%%%%8%8ﬁcle
subclasses are mudeiedinApalitisteatedoin Ed@aih Canddisbessad in thorergdtaikbakoon, thelSE and TG

conent of 1 BB 8L TS oS USRI A RSl TR
hepatic tissue, aswelsasioysyethbgigwhtiéningdic paltiolesf cholesterol and triglyceride contained
15 within the particle. Thus a particular class will contain particles all having the same
size, i.e., the same amount of total lipid even though the amount of cholesterol or
triglyceride will vary from particle to particle within the class. In one implementation
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 1s preferable
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in.the hepatic tissue compartment or formation of new HDL particles by cholesterol uptake from
peripheral tissue, and by catabolism of LDL or FIDL particles by these compartments. At homeostasis, -
the cholesteNJPfRIRGdMtTdlance. Application of a virtual protocol, e.g., a chrdWié VisdhasRérapy, that
alters any parameter or component 10 of the model is expected to perturb the system towards a new
homeostatic condition characterized by an altered number and distribution of particles, as well as
cholesterol content of the particles, hepatic, and peripheral compartments. FIG. | D illustrates the

behavior of a sindlatdhiB&i&sansr TS PARECIRE S SRS RREMBRIAI B BE S SHIEH I Rfthin a
subclass of lipoprotein,paiticies. the. 16 lnidsniantahaRastitaissibieahtotiaastivity-ohsaveral

enzymes. Typically, net particle cholesterol content increases_due to the combined action_.of CETP and

SR-B 1, while netpagiiga linfiyeeiftecksn@nithetiensas b tertrd o the pdty We s RRFCEIETP, HL
and LPL. Thus, agilisitated, the-genetahmayement ohpariglesmpdthieapibass s, donmihe size isobar
in the absence of any additional contribution to the average TG 20 and CE content of a particle in a

specific class. ATYHFRFRETGARED PTESAH e BSWSnasnY AT DY DABERS PSS W nRRFcTes

maintained by theagditiep.atRrkiclesnipavingioh foighueriidsr apd laWIchalastes)canienterbis
requirement is fulfilled by the new synthesis of such high-TG, low-CE particles by hepgtic or.
peripheral tissue “RiGKE; WW?@%HéW%rﬁ‘%QXi@P%’ pbse G eiE T i inagices Dibekt 25
triglyceride flux ngbperatibutesHemeovame thaltigddiersizisabarbiidhads s pphtibivtesito
reclassification of particles by removing enough triglyceride to redrce the total lipid content of the

particle below the’ B dEUPHRE aefirfethEmicXEtuA s randRA Al AU B AR e SRRt
reclassifying partigiesdensaalieRpetice Slpased ehsehalansesMbiasoclassiieation dshiedaminantly
to smaller classes, 30 particles can be reélassi i%d "up" or "down" |£ size ependirlg on factors such as

net 16 WO 20061668651BEe/BE 3D ELEE BOgh A SFEPHHQD SARIFISS: 2t 8F BRI @hzymes

that affect the CE:a3agdtG f eejppticta BipandinedrpieipheasticlempdEmbatilustrates the behavior of a
single subclass of lipoprotein #oaéicles in one irﬁplemer%ation f the 'nven{i n. Within a suhclass of

lipoprotein particles, the F8%p RS RORFHANGE & %Jsé%%)sfﬁ%é: A8ty B REVEVAPARLY R,
Typically, net cholgsterglieaidsntincofalse mduetionCBithandsShiBsadtivitypivhile peticiglyceride

15 lipid content of a particle is subject to the activity of several enzymes. Typically, net
particle cholesterol content increases due to the combined action of CETP and SR-B1,
while net particle triglyceride content decreases due to the combined action of CETP,
HL and LPL. Thus, as illustrated, the general movement of particles within a class 1s
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
héving 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 decreases due to CETP, HL and LPL activity. Thus, as illustrated, the general movement of
particles within a class is down the size isobar. The mass balance of particle class can only be
maintained BY td®d¥RI5H of particles having high 10 triglyceride and low chiofdtErdPa8mtet. This
requirement is fulfilled by the new synthesis of such high-TG, low-CE patrticles by hepatic or
peripheral tissue. Further, FIG. ID illustrates that net triglyceride flux not only contributes to movement

along the size ispbar (?o contributes to reclassification of particles by remowing s uch
triglyceride that tl@eg?%ffglﬁ %%nzf%é\lgo ?l%dﬁgﬁf’cfgi\éaréwgr(” ﬂ%‘r% ﬁ%g ‘%S?ygoﬁg %gé{ﬂ(r?e subclass.

Accordingly, triglyoetite diuxds.imppripntttonreataskifying particles to smaller particle classes or
subslasses. Vihile reclappticAios RISSATBANY o, PRALELARRSAR: BRIGIG faR Bedsriappified

"up"” or "down" in size depending on factors such as ne an ux, a e net action of various
enzymes that affeot thgl@EecandidiGtoment oftagivéhthpoproteilrpartitipo@0©ngaticesrtimore

biological procesges.are |[dentified in.the .context af the $ thejnven i% , pcglll o] 'Fal
process is matheﬁﬁ)é(tliggnyt/cpésgeas %l%éﬂe o(%r;ﬂ% eﬁﬁ%&gfet %%%%%ﬁé?h’%‘ggéizgé‘n ?ég?égsent% {%!st
biological processhesitpa fiesntentthererisaluelation thehd SBeBhdtioivgicehipr octssalisiagde second

mathematical relation. A, mathematical ' picaly-incl 0 of; iahl y
behavior (e.g., tirﬁa%n%%g%ﬁ%%&% v(aiu?c% g}? t%;éqs{tlgnﬁgtgg%%/#ﬁg%br%%ﬁ%ré?srﬁggge?g%ngéigep rtégllarly,
mathematical relatiovsnehtid porigaser todel dass dedioren e paestionbamdhg wasiabatanerstribing

levels or activitie vari 11 i can ] iolagi | levels or
activities of comt?i)f%tliggg ggsggé?g{@t@eer@g}ggﬁéﬁ%%ﬁg %?%ﬁglggrﬁgg&sﬁ }ﬁ%%%%zjlwc{:%]‘r}%%nents. In

addition, variablesigtyeemdrepreé sewtohadieverstisnutetialltanroeuaspliad 1o finéliidIbyitw ng&tem. The

mathematical moglalis) of H?%&%’HP&H%@,’%%UI@E' E&B&‘é’é‘ﬁ? HOHSIER BRARRIRC st WRirther,
2006/066051 1'CI AU5200510-1551,1E dynamic biological processes related to cholesterol

metabolism. The Féfm 1&? !'HQSW%QMMM&%% piv wadyreaytiHenesclofatoa BRIl 81 pRgtial
differential equatipng staeRastifupifereatiaisauations siffaenial @d%%meiesw&%mngi&?rsnce
equations, cellular automata, coupled maps, equations of networks of Boolean“or 5 fuzzy logical

networks, etc. In EBi¢le tEEetiffeie, hetatekher soadugidmnartiskedsianermadhgounds of

15 defined subclass. Accordingly, triglyceride flux is important to reclassifying particles
to smaller particle classes or subclasses. While reclassification is predominantly to
smaller classes, particles can be reclassified “up” or “down” in size depending on
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 bf 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-



ordinary differential equations of the form: dx/dt I(x, p, t) where xis an N dimensional vector whose
elements represent characteristics of the to biological components of the system, t is time, dx/dt is the
rate of chanyeloiefGdah M dimensional set of system parameters, and f i@ uretibrtiate
represents the complex interactions among biological variables. In one implementation, the
parameters are used to represent intrinsic characteristics (e.g., genetic factors) as well as external

characteristics (e.g., environmental factors) for a.bj iﬁﬂ'»@@ m. 15,In.some.« dimems, the
phenotype can he gfﬁlé:mél(%lngﬁ/g?jg?ﬁ%&%ﬁ%@?ﬁggs of‘x%%ﬁdgié? g%lliq/%]h ?mee. %ﬁce a phenotype
of the model is mathdématicedye@pdsifiednmimerdalintegralioncfcaerabopersgustionensing a
computer determines,  for example; teime eyQlutian.of thakiolagieal variables x(h and aenge the
evolution of the pﬁ@ﬁ‘é‘%%‘%’ (%%\?egrﬂ E[L)‘lm’z((é. %%e F)epr&éasentatﬁons of t %lb% B%Qﬁéébl (b%ocessés lare co(”rﬁbined
to generate a modglaforhiptethidrol avemblisioudshermio nafthotedd aftbiotsgidaBeyktemsy are
described, for example, in U5, Patent Nos. 5,657,255 and 5,808,918, entitled "Hierarchical Biological
Modeling S?/stema?r%yl\}/l(&#gdﬁ;bb.éfﬂéhterit No. 5,914,891, entitled "System and Method for
Simulating Operation of BicohansivdicSystariss the BignpaehcNwitB)9305¢84n drtitedel are

"Computer-basgd 0§Xl§lt§n_1 AR Methog gQ{OllgggfmgggHHStorage, Modeling and Simulation of Complex
Systems Organized In B/lscrete Compartments in Time and Space"; U.S. Patent No. 6,051,029,

entitled "Method of Generating a Display for a Dyré¥EcRimulation Model Utilizing Node and Link
Representations"”; U.S. Patent No. 6,069,629, entitled "Method of Providing 30 Access to Object

Parameters Within,g3imuation Magdelsiddap vEateriiige Bi8fBH39:pratiflednAMathae; offMrnaging
Objects and Parameter Values Associated With the _18_ W() 2006/066051 PCTYtS2005/04S,520

Objects Within a Stiatasahermaerets 8f BiteriiNe, BSR4/ nifiba it shBEieratiifa
Display For a DyngmigraitgidkationiN odedibiiiliginepde and Aink fRRpGSaMEIPRS et theApplication
Publication No. 20010032068, entitled "Method and Apparatus for Conducting Linked Simulation
Operations UtilizifgRR*SHipiiartsasag e Rinionsakreriaiies cf sRibiRRIBAONG Yo/49443, entitled

"A Method of Monjtesinerdfaiues:yédhis RivuHatieniviedakratheitapigeeniatinnse Yo@Rs) as well
as external characteristics (e.g., environmental factors) for a biological system

15 In some embodiments, the phenotype can be mathematically defined by the
values of x and p at a given time. Once a phenotype of the model is mathematically
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 Biologicai 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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combined, integrate the interactions described by each biological process to form a model capable of
simulating cholesterol metabolism by including both particle dynamics and lipid flux in the model, the
model is capBtiie¥difiliating the lipid 10 balance found in a real subject. THE FetRtFEsTFurther
comprise methods for validating the computer models described herein. For example, the methods
can include generating a simulated biological attribute associated with cholesterol metabolism in an
animal, and comparing the simulated biolo%ical attribute with a corresponding reference 15 biological

attribute measurediifgnBnihan eridraekses I Fhe RgrtdTents 588ribaraditisd chirBIRd®En with

known dynamic copstiaintg MBYssRNFe sameadsmit QhihrmBadaba DayRKnute ysertaia change of
a mathematical relationship within the model, which improves the overall fidelity of the model. 20 D.

Computer ModelR6PEEraIESeRs] Metaoneis iyl rteNiee a2 Ot rentslehrhdsi Sther

things, modeling ghiolgsigrahelebsliaRAMAVENE I FMMs ol SpERRiEMINsimaBts (bmpaagels are
computer models that simulate cholesterol metabolism in an animal. In other embodiments,

mathematiéal moBared Ry HsBu dRlscand Irdcruklisating iy LEHbk stidemhetalbitine eor

example, computeidnReehs s Re {amed Bneamhining eirlogical girseseeassesiated with different
biological domains, e.g., the lipoprotein particle domain and the lipid molecule domain, that affect

cholesterol metaOTeHNE ARttt e Hiemstisnhdaaitrd deIsch Pl eI ST I R G
mathematical relafiers apang sheikidlaaicalnmeablel aseabictiesh WitheRAiaE wee ik the:biological 30
processes associated with the lipoprotejn particle domain and/or the lipid molecule -19 WO
2006/066051 PCTYTIEBEHEN. 158G A g AiR Bedshdibgrnds!ivecpiretsigyking hphsidtype
associateagvith chelgstefumieiabalisrubiba. methods of' developing models of cholesterol metabolism

described above may be used to generaje a model that may inclyde hundreds or even thousands of 5
objects, each of which meX ?ﬁ%ﬁﬁ%%da%ﬁb‘é%%fcﬁg?am&@&%ﬁ% QEr LS he SHBPIE "what-if"

analyses using a sigidistieschieicheitein uFeiubtarsiee sscanethobsenvaribedepishvaluag of certain key
parameters prior 0PSO oL 7, SIELIE U0 QRRIRUON 309250 PoSIBAR sy guput values
and comparing the simulated biological attribute with a corresponding reference
15 biological attribute measured in a normal or diseased animal. The result of this
comparison in combination with known 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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parameters at the conclusion of such an operation. As many parameters are included to in the
expression of, and are affected by, a relationship between two objects, a modeler may also need to
examine cerfgfh288irdneeiers at either end of such a relationship. For exampk{ & Brdtisiéi ity wish to
examine parameters that specify the effects a specific object has on a number of other objects, and
also parameters that specify the effects of these other objects upon the specific object. Complex
models are 15 also often broken down into a system of sub-models, either using software features or
merely by the mclebeits ashinsetioting iBesecotdpdly dsfims agutfendtrnhessestbter vaihenalgesialy to
view selected pamb[p‘g)tgﬁrgpntained within a specific sub-model. The satisfaction of this need is
complicated by the fact tlhat the boundaries of a sub- model may not be mutually exclusive with

respect to parameters, e msthgils 20 drycioninsmedylappeheiestemhynstihohstetssmibadetbome
boundaries of sup:madels ofeDLhangs s HieMRde SYRINRE: TG ARSI daode!

represents biological processes at multiple levels and’then evaluates the effect of the biological
processesson biotbifets srebexsebislk gy iaflsgeisnurnees, oheaiesattd corpd@rmpIEHovides a

multi-variable ViveBf:@v%a@MRQlj‘@%ﬁbﬁ&’ﬂstQ% cieriad GomButermeods! @lse Rrevidasd

cross-disciplinary observations through synthesis of information from two or more disciplines into a
single computer RRFGEY O hthiaRgH BHIdh § et eBnksuRMATRRISHS Tt rsppedarnaiffeAdrit disciplines. An
exemplary Complﬂﬁ{dﬂa%ﬁ'({ﬁ&%ﬁiﬁx?a%@%| Qigigaicabsysie a3l anaipmicalfagtors relevant

to issues to be explored by the computer model. The level of detail incorporated into the model is
often dictated by PRfHPGEERRGHhesaBal vEerop! DEhpporsrs s dosmavy PAFRSEs A2 35dgdede

computer ppodel. ;5opexapplg oRislogitahcormeeRans, helnarialatsevR:ch the siayme CETP, often
operate at a subeellular level; therefore, the subcellular level can occupy the lowest level of detalil

represented in thEYAssHE MpalsaRtEf e CrepeinsrataB FErRssH Bl Bisisar &f c¥ribnents such as
DNA, mRNA, profeinsexchemicalivkgactyenriReWRs wiE 8beatiwRnraaRedasnaigpialy. the

model can be evaluated at the multicellular level, e.g. hepatic tissue, or even at the level of a whole
organism. Becau§EeatsiAdRAgUE phorshRay &y alwnRenohathgiethestsaAnsks CoRHMSIEEHI of interest
with respect to the,eltiaie effeststhrfid@gicajects upon the specific object. Complex models are

15 also often broken down into a system of sub-models, either using software features or
merely by the modeler's convention. It is accordingly often useful for the modeler
simultaneously to view selected parameters contained within 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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components, the individual biological system (e.g., represented in the form of clinical 10 outcomes) is
the highest level represented in the system. Disease processes and therapeutic interventions are
introduced irWo()tﬁ'@'gﬁ'S&‘éﬁ'through changes in parameters at lower levels, wit Elhié4I6HE8hes being
changed as a result of those lower level changes, as opposed to representing disease effects by
directly changing the clinical outcome variables. 15 In one implementation, simulation modeling
software is used to provide a computer model, e.g., as described in U.S. Pat. No. 5,657,255, issued

Aug. 12, 1997, tHIESCRRHEF MR BILIS SEAPRIGAEMQREL CamBRERAS RGHE v Batsdr eno 8 808,918,
issued Sep. 15, 99gxlited] MigraichisahBialogicatMede!ing sysigetasdnatbed!ilek fovRptaNo.
- 6,051,029, issued Apr. 18, 2000, titled "Method of Generating 20 a Display for ag)yna ic Simulation
Model Utilizing N%%‘@%wf#ﬁw%ﬁ@éeﬁf&wﬁgﬁmﬁgviﬁsﬂw&? 81849347 RS NI ¥8! 2003, titled
~ "Method of Genexglinga foisplayfier wdhygiamicoRipiiatiorddede Ditikizing Nadgratathkink
Representations”; U.S. Pat. No. 6,078,739, issued Jan, 25, 2000, titled "A Method of Managing
Obijects artd Pardatef R ﬁ&%@}@ L SRR oo SR RO A &<%hd u.s.
Pat. No. 6,069,622, dssuaetdMayz0ndG0e]illad e WEthed hep Rioviding Aasessatalalieet Boagameters
Within a Simulation Model". An example of simulatio m?delin software is found in U.S. Pat. No.
5,078,739, Variodh SR T B SS AT MU H MR ARSI e RURITHS Blements
of the phenotypechixamplasiof stitabiesdiaghampdoctodbdaffaniandf36 StmeasjoRiagrams. See,

.g., U.S. Patent No. 6,862,561, entitled " dand -21 WO 2006/066051 PCT/US2005/045520
o s T CoMBREP d A eL ST I R B ST BB T PL AR

referenceadAn Effestcbiagyaimthanipheat lisehl¢prrestniatioheafythenmbdelse paticnscanddillustrate the
dynamic relationsfips among ihe slements of e phenotvpe. biG. Ae lustrates an example, ol.an
Effect Diagram, in WARH U5 LROIBEESTS ester‘(@? Znd' f}rllg yceride Plr @‘}gcon SRS e R4 parﬁcsfe class
is computed and gl biteet dtveds it eli priritducngaa biimgatiangdhas kffeatl Difighasn Isvoeghavigled into
moduies, or g oL arees e YRR SIRHRE RS NSRISRISPELNG IR ARIR SRl Siolo0y
outcome variables.
15 In one implementation, simulation modeling software is used to provide a
computer model, e.g., as described in U.S. Pat. No. 5,657,255, issued Aug. 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, entitied “Method and
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10 The Summary Diagram can provide an overview of the various pathways modeled in the methods
and models described herein. For example, the Summary Diagram illustrated in FIG, 3 provides an
overview of ¥oeboberansport pathways that can affect cholesterol metab®ign.STHS/&dRmary
Diagram can also provide links to individual modules of the model. The modules model the relevant
components of 15 the phenotype through the use of "state" and "function” nodes whose relations are

defined through the sl dRaramImals as XM IRle. T ulls compley And, XNEHG e

mathematical rela ic?ﬁ”élﬁlps for the various elemernits e phenotype are easily represented in a
user-friendly manrerein blyisedeagmer, a normal phenotype can be represented. 20 FIG. 2 illustrates an

example of one of the m%%"ﬁ@é%g@m?a Bisted InVilG Aplhemeduis diadiamdusaishng!C. 2
discloses various synthetic, catabolic En 1

reclassification processes involving ApoB-100 particles.
Relevant biological vatiabidscaho bivloyibdl grdves sexofuy ihyolvimgnipoBheqthpeetiaies Ble. 2

represe nted5 througnst,ggt éjssgnog ﬁ%

. Kﬁ“} ?zﬁdaﬁuﬁﬁ‘ég{‘[ﬂﬁ%? \ ﬂ?&%@m@'&ﬁﬁ@tgﬁﬂ nefLirquafyghe 25
use of dlagrammaflc arrow sym s

. The use of state hodes, function nodes, and arrows, permits the
representation of thiezbormdex B ayrenhic wrathpmttleatl st asisnshipisdomthelodddat widnsngs of the
physiologic syster 9, be fispiaxeth i AukSeRIENdl BAONG: SR AR EiRRARdes show the
names of the variahles t ey represent and so their location in the model. The arrows and modifiers
show the relationsfipationrd astate whigurbtio srovnes tesethernsprissniviifinaiss ARl State and

function nodes -2%%@ t%%}g}@{ge%g‘gn \%Pze%fégggggggg@szo also contain the parameters and

equations that are'u ompute the values of the variables the represent in simulated
experiments. In some embbelFhantenhPiseteasin Pupcderinotes v pdhe sented 2680w to the

method described ot 5. RalERt NHTREL A (THORS pasiGasRRRdng ARRIcAlioR, QRSE&AEE, Poth of

which are entitled 5 "Method of generating a display for a dynamic simulation model utilizing hode and
link representationBiagranatiuiesep oraidd - Hepsny sy efepyptd cmuifisbe lostarnd Banspastaet ey s

function nodes arefyrther digcyeRsl QIR RASRATCIRI S URRIGRF B IRIIARYHRA QvalRand
represent variables in the system, the values of which are determined by the cumulative effects of
inputs to individual modules of the model. The modules model the relevant components of

15 the phenotype through the use of “state” and “function” nodes whose relations are
defined through the use of diagrammatic arrow symbols. Thus, the complex and
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 thetr 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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10 over time (see, e.g., FIG. 3). "Input" refer to any parameter that can affect the variable being
modeled by the state node. For example, input for a state node representing CE/particle can be CETP
enzymatic activity 0¥ S B1 receptor activity. State node values are defined Hy'diffaYeHtEiRuations.
The predefined parameters for a state node include its initial value (So) and its status. In some
embodiments, 15 state nodes can have a half-life. In these embodiments, a circle containing an "H" is
attached to the noge that has a half-life. Function nodes are represented by double-border ovals and

represent variabl8S YR JRERATAME\TEI RS SHYHRR BALATE st 1A trr s dhetfidd By inputs

at the same pointinine unpliesemodesmutdefingdhyalgeraic fw ehingiaidheinROsnpuisdThe
predefined parameters for a function node include ifs initi@l} value (Fo) and its status. Setting the status

of a node effects NOW 04T T R FsAls ke maiererme bed deumbedan e rlaliin node can
- be: 1) ComputedMhebalo@is  axlculates phaingsiphiaditienputss 28 Spagifieathackedrctbeitride is

held constant ovey time; and, 3) Specified Data--the value varies with time according to predefined 25
data points. Func%ﬁ@%%gpﬁﬂgf%%sgﬁrgl qﬁ’?&ﬁ’eﬁ W@%ﬁﬁéﬂﬁ’é&fﬁ@éﬁ%ﬁﬁé’&?ﬂ%%ﬂeofi"{ﬂe values

of the nodes withlatkowsqeiningnk)tathiafdnstonaadd Hargurvents-&See, Egthet. & Magiratdyo.

6,862,561, entitlegz;tM%Q d a}pdnArpfp(Persatugf,J%Co({nputerd odeling a Joint", the disclosure of which is
incorporated herein By reference, fora HisctsdBn BrRE" o titation of function node equations. 30

State and function nodeStee@meag@earnpredhanddncsingltibomit weati agtarepes ealiasiabilsspAlias

nodes are indicatgd by one or more do ee, e.g,, state node .23 WO 2001;/066051 PCT/1 J
82005104 5520 VBT Bl M e‘é%ﬁ?l%f@?‘éta%%ﬁ% IedRy s é‘é“&#z%t‘é’l"sB?@eCfﬁm%de‘Wfﬁeir

position, with respect tonarteascandidified ndtepy s teing aihensonccs tndesn(Sf@t ttarget nodes (T).

Source nodes are located at the tails of arrpws and target nodes are .located at the heads of arrows.
Nodes can be ac%/\:}ga?r}emaeg%ﬁ/g é’g‘?gel?g.fg%éé%gfer?f e‘%t o?’&@g%gyuér%ﬁl%amﬁg%%d and
Apparatus for Conaputentbgdelirppeidbintn iheCHIEE | osuymati svhithily mcoRpBriateckptereaictivyty.

cerene, o« Ssenn e senEITR el IR R SRR s
with circles that iHdicastatheode include its initial value (Sg) and its status. In some embodiments,
15 state nodes can have a half-life. In these embodiments, a circle containing an “H” is
attached to the node that has a half-life,

Function 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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10 activity of the arrow. A key to the annotations in the circles is located in the upper left corner of
each Effect Diagram. If an arrowhead is solid, the effect is positive. If the arrowhead is hollow, the
effect is negativa)p@s¢0Fther description of arrow types, arrow characteristid¥, BHE28¢fdE&uations,
see, e.g., U.S. Patent No. 6,862,561, entitled "Method and Apparatus for Computer Modeling a Joint",
the disclosure of 15 which is incorporated herein by reference. Metabolism of cholesterol involves two
distinct domains: lipoprotein particles that facilitate the intravascular transport of hydrophobic lipids
between hepatic\dndLpdtiptieted tisEles 3 andltaheaiid wnolevuleeditarrsairede finpd protbirparticles
consist of two malor dlassef; ARSRHA0RANIClES SYIINGSIERd ALAREIRIRd Pibe iRk A9 (cluding
very Iow-densnylflpoprotelns ]E)L), intermediate density lipoproteins (IDL), and low-density
lipoproteins (LDL)resichedesA Parficles;caledesaitedoeibd detisitipiipoproteimsaMDaeatipilesdiscules

include free and EeieUlige ERACRIEIR afdh Nt & LaRRCIMY) Andddalcaidesd TEs whighare

packaged by the liver into lipoprotein particles. Lipoprotein particles are secreted by the liver into the
25 bloodstream, Bnce %62 bloodstedaiM eHmd cad beramdsussr bynpekphirasiingad odzyhes that

remove TG and Gabaitcls eipmRIg R ss duRat paaonlized kY ,Sneclsdreeriars and

degraded, typically in the liver. These enzymatic and recéptor- mediated changes affect the particle
number, size, ancbolastificatictatas ofellsiianedeoncentration of lipids intravascularly and in tissues.

30 The lipid molecule damainJ giates IRANF M Qf é@tm@%a@@@@e&im%ga{&gmaﬂments and
lipoprotein particles. Lipid molecules can be described -24 WO 2006/066051 PC" /I S2005/045520 as

primarily residingréintiprsbithese eontbanasisatsA trrnp ety hedabiel ideridisiedys hpopratesteghsticles, or
the remaingler of fhe Rodyringluding the cicwlatiendnatnbatah iRt Rlaren 1QddiignalcappRartments

relating to cholesterol uptake (e.g. an inteéstinal compartment) or secretion can also be included in the

model. s To effedfielgroapafrectietidbeapltingiaratiion amenhead thaolidoprotdlsciiamridiyemtin and
the lipid moleculgydomaip, the [HRHIRSS, REIHRE SARPIRING BiRladicR) REREESE6S m@hwgvﬂespoth
e

domains. These biological processes incorporate core components in in vivo pathways underlying

lipoprotein particleTeniplERelsE tisie @BPERYIGAUR NS Sapp SFFfotEiR JRrisEId Yo 8t atdompartment,
entitled “Method and Apparatus for Computer Modeling a Joint”, the disclosure of

15 which is ihcorporated herein by reference. -

Metabolism of cholesterol involves two distinct domains: lipoprotein particles
that facilitate the intravascular transport of hydrophobic lipids 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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to with core components in in vivo pathways underlying the transport of lipid molecules between
hepatic and peripheral tissue, i.e., the lipid molecule domain or compartment. The resulting computer
models can &8\2@5’/ﬁ(’éﬂ%tive representations of cholesterol metabolism in Re&ithyddriseased
animals. The models can simulate perturbations in cholesterol metabolism in response to dietary
changes, therapeutic 15 agents, metabolic disorders, etc., in healthy and diseased animals.

Comparisons between the models can be used, for example, to predict the lipoprotein particle profile
and plasma lipid $SrBFE 3R WSy gerstRe N SHEE F AMPAEIBCThdPadasT (heRdis, IHir #67ABk limited to,
comparing the effigeh,obiéariphs tharapestic-AgeMe Y dheslrgniRieinnaiticls prefiileapstriasma lipid
profile in healthy versus diseased 20 animals. Comparison with clinical data can be used to fine-tune
the core compon&id stireie CbIBiReR HYBRR IR HIRBEE &¢ sinlssiern! prejekede£ a¥ociated with

- cholesterol metahglistimatap s itaerpasates itentbenmpihedsmndisngd el destiibed herein. In
addition, additional processes can be incorporated into the existing models. FIG. 3 depicts a 25

number of*state” nodes tR&ETHAYSHhERINES TRt Huder BROfSREans satree Lsd Ripaiedes that can

affect cholesteropmatadalisminlirdieianFaiosieint Hansporihéshalesie @ iake bodthapatic lipid
stores; 3) ApoB-100 particles; 4) hepatic enzymes and receptors; 5) ApoB-l00 particle remodeling; 6)
CETP activity; 7)PHEAE pl &S SRt prg B  HISigimaws. 93‘*1&@?% PEI B EYRTEESShd receptors; 10)

30 peripheral lipithstepessancort LoalinisahMansLias pasuies demietingthpaprecanssstredeled for
each of the listed state nodes are illustrated in FIGS. 4-14. -25 WO 2006/116605t
1ICT/11S2005/048858 A& Ut UMROHECR: 5 ¢-3 e HRPRIg e FAHS A BaBI P b MBS totake of

dietary frae cholesigreb(Ecompigiany ks absaibedhsnddaarsngried intespie: REPRIE neeIRRRIMent.
FC can be irreversibly copverted to bile, or esterified into Cholesterol ester (CE) and packaged with
triglyceride (TG) %ﬁtt&)éibrb gi@tflf’b’%p%i‘@ﬁe S & AntPe HRIE Y SO BRI R RO R AP E R hsport

to peripheral tissTras.iBeiengeochplestaroddtnosporolroin shelpephesaliasupmiothadlepatn
compaTent a5 B P e Pk o Pl e oo ecepor medited
perturbations in cholesterol metabolism in response to dietary changes, therapeutic
15 agents, metabolic disorders, etc., in healthy and diseased animals. Comparisons
between the models can be used, for example, to predict the lipoprotein particle
profile and plasma lipid profile in healthy versus diseased animals. Other uses
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) pernipheral 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 iliustrated in FIGS. 4-14,
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10 FIG. 4 illustrates one of the modules that model core biological components for ApoB-100
particles. ApoB-100 particles form one of the two major classes of lipoprotein particles. ApoB-100
particles areveorapogedidt varying ratios of triglyceride (TO), cholesterol estd((TE)2fe@-chdsiesterol
(FC) and phospholipid (PL). As illustrated in FIG. 6A, ApoB-100 particles are synthesized in the liver,
packaged is and secreted into the bloodstream. The module depicted in FIG. 7 describes the various
processes involved in the catabolism of these particles in both the hepatic and peripheral tissue
compartments. As illustrateihisiried. id, IvLBIG. |D g amatdld thoartithes! sike ginkey vnith teo ntithkeues

metabolic cascade jn which lipid (maj iglyceride).can be added or lost 20 i ies;of small
lipolytic steps. VI‘.SL‘}%P eéﬁgpq_ps(fcgggé thlé]s%g gﬁd1 ?’sgqc’zsrg%t%b ggﬁ%lgﬁﬁr&?ﬁg y%ﬁgﬁ%elﬁaig%protein
assembly is initiatea iy tthenaddifiearobdipicc vor dhéygromwieged po Bithain dst¢hidied unfle ehelopleromic
reticulum. More lipid, principally triglyceride, i led to- t ig| the
secretory pathwa(\f)?{c sgggg%% é%(&gg)r% é”rﬁféﬁ%%%%g J %é?;ﬁsﬁ?p?g,ggrﬁd@?efgmﬁﬁﬁ?gﬁﬁin). 25
Additionalsiological sarieblemantpbbeedsesmffoctirgshersintieegibecdtagmissmigydryemodeling of
VLDL, IDL and LDL, particles are illystrated in.F - B-100Q narti Sanbe.fractignated
into three major ¢ ggé%%f ‘.’C'e?”\‘}i‘B[HfBE‘ g’%ﬁ%ﬁ%%i@ r%étéwg?gn%}%%é%%s%gﬁ%e fractioned into
additional classesiaddiMegdoidleeiptsize oVbBiphunliciesoahplassivel formeatpiar-B8alatgsuiaks to 700

30 angstroms diampeter, Mast of the differ w@@ iS1NG 49 1he SHglyraEde. ¢ ithin the 350
angstroms to 708@‘%%%%%%%2&‘?@%&%0 ver foule aégiéongl e 1 LoTius2

0115 /04 55 2 0 subtrgctions have been identified: VLDL1 of Sr 60 to 400 and VLDL2 Sr20 to 60, or

altermatvely VLDLI of SEAQ0,(5400 XLBKA SO, ATENGRHASANROR: clphisiers vary

in size from 270 to 300 angstroms. Although two subfractions have been identified, they are similar in
size and density,fanéd peRcd8aanatipe rdraly Bspatistes Dimpent cE tredmyamsies #aspesod to 270

angstroms. Withi Strom ¥/ i tiopal suhfractions
have been identﬁlé%ﬂ%%ﬁ%%ﬁfy%é?gl%gg %l?}ng?%g %%%%%%ﬁ%gﬁg@%ﬁgggf@ /mlto 1.044

giml, LDL-III, d =ttigasegidel (6Q).000 Igaressetee (G ER degen sHdBkarend phosphelinis) (Rh-bne
implementation OI\U\%@M%[EEP& IEE@%AF;' pralﬁ)—a}'a.t?k%{%aes are synthesized in the liver, packaged

15 and secreted into the bloodstream. The module depicted in FIG. 7 describes the
various processes involved in the catabolism of these particles in both 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 lcan 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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10 measure of the volume of the particle. The particle diameter and volume is calculated assuming
that each particle is a sphere. Given, the total volume is calculated based on an average density for
CE and TG i th&"p&ie8! a total mass of CE and TG, and an average protelf BoReoRsperparticle.
Thus the size of a particle is correlated to lipid as well as protein content. The modules illustrated in
FIGS. 8A-C depict the effect of 16 various enzymatic activity on the flux of lipids between the various
particles and how changes in lipid content affect the_reclassification of these particles. Reclassification
and remodeling SPRIFBBOROGSRERIS &, gd Yltldly S B WA B0 Yk Dhand 3R 8 P0rRkse
enzymes alter thelitfaaR@ICE coniest 9f BBEh paticle Bnd sheoee,1contauwe o1 GrRNges isoparticle
size as previously described. 20 Modules, in which the overall action of enzymes are combined into a
net CE and net Wé‘f?‘é%ﬁ?@ &adip ﬁfBI%7(:#589986&%@%re’ﬂgﬁﬂfﬁéﬂtm‘)lﬁl‘%g%ﬂ‘-@ﬁ: ("Net CE

Flux" and "Net TGaldhedn Thesdifuxes pliiectthitaaverage 48 dndithGCago Macafagashpacticis class
from the equilibrium values ("Avg CE adjust - remodel"), Lar articles are thus reclassified into
small ones or vic‘ér‘ga?%‘%i (L/é\}gpéﬁlif l}ér Y ?Sa%gmd%ﬁ(gs‘:& ﬁnéﬁr%ﬁ]sybf ﬂé%%?ﬁo&mn"). The
apoB-100 particledjpopratain Tonpgsition dvrmcefatrnecthidealpaiient anheideiermminiehy
analyzing and integrating data from literature repQrts or experimental protocols, Val are compiled
for each particle @g%%%%%ﬂ?éﬁ%ﬂ F@guﬁ’a?r‘ﬁrﬁg&%: )“&It’:ognwér] lﬁ‘irqp@?’ﬁife,ﬁzj llavgs3 é"glme%?atic
synthesis and catabetigmil 3). BO.ilimberiodpagicies: INdo0pesis(adic sifudtiahard gdfshephsgian

overnight fast, C d PC are considered to be equivalent due to the relatively fast dynamics of -27
WO 2006/06605??3?0?17;@@'5 0?.»‘?6’ ieFn é?’c%?ﬁ‘\}%r%ﬁ\g ?if‘l}’ﬁﬂ?e‘%élr‘e"‘, W& %\fgt%%ﬁlgdfedcaparticle is

tracked fomeach meuticle diass (skeped thé 1G:%.cRABE)parGdradinteisreald wisliad drsadtujoni the
consrant et bt Rl B8 T L sper e e, Sy g e
the particle into aadiffenengt ceasstyPirtiCle asid @ Gan tie getecheinea tal massiEE ahdiférentdaethods,
noing ety ARGy AR STy Shepeose O
include the use ofvedidis veted cvatart stlibkes @bridsinbd watbdoeritiifisg 8o, depiwtlthe effect of
15 various enzymatic activity on the flux of lipids between the various particles and how
changes in lipid content affect the reclassification of these particles.
Reclassification and remodeling of apoB-100 particles is carried out by the
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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10 be appreciated by a person skilled in the art, different numbers of particles will be obtained using
different methods. FIGS. 10A-10D illustrate modules depicting biological variables and processes for
the other majo® Silygetodf lipoprotein particles, i.e., high-density lipoprotein (MO 2HRIRSSHDL
particles are defined by the presence of one or 15 more molecules of apoA per particle. Like apoB-100
particles, HDL particles are composed of varying ratios of TO, CE, FC, and PL, but are formed
through the action of the plasma enzyme lecithin-cholesterol acetyltransferase (LCAT), which
esterifies FC obiainawiremsiperifuetiainizsise hinttaGrariable freortirdedd trekaadermchbr "lipid-poor"

HDL. HDL particles are classified a5 inif-poan(smallasyyiRkidi?Q iRk aad HRbrliargest). The

process of HDL formation 1s repres h’ted inthe in FIG. 2. The model tracks the state variable
CE/particle for HBingassetha puftistiom sivnileito chesapoBineo artieibsd Eqynibritintvalues for HDL

particle compositggﬂﬁgfgg?%%}?% AR OHERREcaReRained By intearating Jeaeritaiem the

literature. FIG. 6A | S cal processes and variables that affect lipid fluxes 25 involved in
hepatic fesdbackimeehadissie: FiGcterrsresHieaferab ikt miaimadydeimielpspditifthesis,

secretion and calgholism,fIRARIRIENHRAiEED NG reraRoRiEmRR S aleE R, BAIGR lipid

content of newly synthesized particles Can be different than the average particle lipid content. Sensors
of hepatic TG syshieiisedirertisieabanheiespoBlingy shitategrpbsanthidMid Hidtrtlion bEtween

30 particle classgs. SensersefiniepsRrtic shalsstermtsiairameduaisanaR ARRRMiskabsyNthesis
and apoB-100 and HDL particle catabolism by modulating the hepatic -28 WO 2016/066051

PCr/LIS2005/045820de tbeazsion wriahbelakisaseySHHies) coRBingtapihranir Buitiio8s (s VBL-R in

turn affecfs both the hepatic.ehglasieralsykihesis (ot MEC QA Taduetasehand didlgadde
synthesis, completing the feedback loop (see, e.g., FIG. 9D). FIG. 6B illustrates the independent

regulation of periph@a?éh@i@ﬂéﬁf?@‘tﬁ?@é‘?‘@ﬂﬁet peripheral cholesterol synthesis increases with
decreasing peripheral C'TQ@§.tq@A-?Wﬁxﬁ@é@hﬁ&%h%@ﬁl@fﬁlg%ﬁﬁgﬁ@ canssinemby

LCAT-mediate CE flux. Effect Diagrams illustrating biological processes affected by peripheral and
hepatic enzyme a¥RgRssasdanteated maesibsal of peRsatsH Bt pictéd MEEen8 provides an

overview of the efgymea-Ig RPN afRidelnoationianadddihandy the presence of one or
15 more molecules of apoA per particle. Like apoB-100 particles, HDL particles are
composed of varying ratios ofl TG, CE, FC, and PL, but are formed through the action
of the plasma enzyme lecithin-cholesterol acetyltransferase (LCAT), which esterifies
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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10 HDL particles. The module illustrated in FIG. 9B depicts the activity of lipoprotein lipase (LPL),
which is expressed in peripheral tissues and hepatic lipase (HL), which is expressed in the liver. The
module illustfated 83 0C depicts the activity of scavenger receptor B-1 (8RIBSRORHIHATY
expressed in peripheral tissues. The two modules taken together represent the action of LPL or HL to
remove triglycerides, or 15 SR-B | to remove CE. Enzymatic action can be modulated by adjusting the
value of Function Nodes ("Scale Periph TG Flux", "Scale Hep TG Flux", "Scale He§ CE Flux" and

"Scale Periph CEXBRR® O AL Hel e aredlar leB)outhst ARSI AL PAESIE I R Hh dtik B
peripheral storesffelées BA) issuspneddar eachparicleclass (NESCIB-RQG)andshanperipheral or
hepatic stores of TG and CE are adjusted 20 accordingly. FIGS. | | A-l | B depict modules that model
the activity of chd ¥§F61d§ss[?§?t$?‘éﬁsw ik &’E%Egb?fgw&(écﬁlésﬁ?ap éﬁﬁ)z?m)e crucial for the
"reverse cholesterol transp@®' fliastriie piasipldep¢iade-epaticrconmpeimentckdickRréacilitates the

net exchange of CE in HDL particles for TG in apoB-100 particles. 25 Hepatic catabglism of gpoB-100
particles subseqU&hfy TR tﬁa ?ﬁ'#’?@%%é%ﬁ%ﬁ‘%%@?ﬁee ol ?ngatﬁ%’@dﬁ’?@gf:ﬁgllﬁ Sﬁgsé odiment,

CETP is considesedeto resripheraCeholebtdronutbtBi ade andskibédbparticiasmidixedomdlak exchange ratio

is established for CET%{PQdﬁted exchﬁn e wit eal](‘:)h subclass of a%cf\gB-l%g )gartic e. Net fluxes of

CE out of HDL and into Apai3-1 B85 e SN PLOIRKIHH RISt 4 56" cDPReBRRRNFY 1% flux is

calculated to achiepetihenspecified vitglarcdlokamge .in- FICH D 209D/0660 dpdoBEld ddpE2dQb/PUD520

The module described in FIG. 13 depicts pne method of modeli he, processing of di
A W et

cholesterol. In this e?ﬁ%“(’)’glersn%rﬁf ‘Traction ot the totsramsunt: of inte %?%qa[%os%?ged into
the enteracytes; Hidlrgrngiclirsg fractioodsleditecttyiakondibd. Thealahisorbedhcticisst€ippdeaction is
eaited b o e AR STy R SRR e G e
enterocytes lost wWaxpitsiedduithg, lard. (Dhdistadyichihisstaral sobiCe §C| hepiabshebadivititesfinal
cholesters ecton o o R BSOS o
time-averaged represdsstation ofgether represent the action of LPL or HL to remove triglycerides, or
15 SR-BI to remove CE. Enzymatic action can be modulated by adjusting the value of
Function Nodes (“Scale Periph TG Flux”, “Scale Hep TG Flux”, “Scale Hep CE
Flux” and “Scale Periph CE Flux”). The net flux of TG or CE out of each particle
class into 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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chylomicron secretion by the enterocytes can be included rather than explicitly representating
transient chylomicron dynamics in the post-prandial state. Cholesterol can be removed from the
hepatic poolWw§ Lypeiaying and synthesis of lipoprotein particles, (2) conv&3idryINe6/hifé ™ nd
excreted via secretion into the intestinal tract, or is (3) transport of unconverted cholesterol trapped in
the bile into the intestinal tract. The methods disclosed herein can be used to form computer model
capable of simulating patient phenotypes and further can incorporate the addition of new
components, as well aslihcrmadett desaiihtoniponétdenietadypernpeidlediofmodstiagie, computer

models predicting gfianggedn dii.Rieadissials clielarieiabbaiaas, 20 dyplipidrTveapanRils with

different genetic dysfunctions can be modeled. The genetic dysfunctions can be known genetic
dysfunctions, suchiatstideficienestiapldnohsstbag vseethe snsrsrpriisteihqsemampe Bapéyndt al.,

Arterioscler Throgqh Yase Bieks2%hd 8054200765 1l be ARPIEgiaiReiDy 2 Rersanskiled in the

art, newly discovered genetic defects in cholesterol metabolism can also be modeled using the 26

methods described!hresrdisimidiher hetbeirnutis incaas tarsifcoistrar pielbgitariranirls
associated with lipoprotainiRarirle Flasrilicaiphedagsilicalion R Ro ac-cRiRglisM. In other

embodiments, computer models of cholesterol metabolism are described herein. For example,

computer modelSTéasHERs lpsorintrBrheddianiand @edietaaihelederpuierrsadBehseiiidions

stored thereon that, 4P EXAELURE B4 @i R EGRSANNSAYIRINGATREEREALIS SRR cholesterol
metabolism, whether the -30 WO 2006fl66051 PCP/t1S2005/0455211 instructions comprise a set of

biological procesdsdasriadPaethehiieesed fopa e odny tranimerrdtodhe remtin goasstgrent
mathematical relationshinskeRrasenting, Nplaciantiamongikielpdicalcormnensiiis of te biological

processes are disclosed. At least two of the biological processes are represented gg/ the mathematical

5 relationships. 16hHeEHEIADSERITERR Y ShsMEFInYge R2BrhiBeedsraisiatbanshntisty

rising a
computer readalig,raespenysARaRef SIPring Gores fndissnEp Leuiied tetheCholesterol

computer-readable memory, the Erocessor configured to execute the codes. The memory comprises

code to define a St BE BiMsYied JEpalirapea YY) eacks grscerd s¥ndaeiR b daontAtee
lipoprotein particleg@aneswith Hag HRid e BflCadPdRereted via secretion into the intestinal tract, or

15 (3) transport of unconverted cholesterol trapped in the bile into the intestinal tract.
The methods disclosed herein can be used to form computer model capable of
simulating patient phenotypes and further can incorporate the addition of new
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 choiesterol metabolism can also be modeled using the
25 methods described herein. Similarly, the computer models can incorporate biological
features associated with lipoprotein particle classification, reclassification, 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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define mathematical relationships representing interactions among biological components of the
biological processes. At least two biological processes from the biological processes are associated
with the mathe %'L’fl’fi/é'f’(r’gfe{tionships. This invention can include a single comgﬁt}s{rljﬁ%%\'fﬁ%%f'serves a
number of 15 purposes. Alternatively, this layer can include a set of large-scale computer models
covering a broad range of physiological systems. In addition to including a model of cholesterol
metabolism, the system can include complementary computer model uch as, for. example,
epidemiological ¢ Fﬁ‘bﬁf@ﬁ%%‘g%nads ffr)g%oé(gﬁ %‘d%rlugﬂ?e?ssr%sb{fe %a:%)r%ggl%oﬁfé)%tlﬁé)aar@%%mputer
models can be degigoégid fanalyzé defarge; 2Geiurfibartlaisatbjalcts @nththgrapipscdensome instances,
the computer modtels can be useq)toi create a large num Q;OJi(‘)’O”d&'{Feri%‘é% atients,and to
simulate their re'é‘peo“rlfé(’9(§"t502‘31f35‘11 &'Aiber o(%r{Wera%lleSs. & Invention'and al of the functional
operations descritidckin this of pecliobipnat pnobesimpieceptedtitedigitahe pettomiatoirduitry, or in
computer525 soft(\:/lxgattlrg Sfervaare, or hardware, including the structural means disclosed in this
specification and sf‘ruc?uré’f equivalents thereof, or in combinations of them. The invention can be
implemented as one orimotieecemputenprogamproauctsel eof cheletembreatdmpenes prograngs
tangibly embodied in an inforga%i n carrier, e. dbiQ a- macl ir&g_({gs le %%gggrgqugd%i&g

. > (s > > cal
propagated signal, 1o execution by, or 6'30 Control the opé&ration ol?, ata processing apparatus, e.g.,

a programmabquompessemaaabbmmmeryothmpl@pt@mmtﬁem@d\%@%ﬁ@ogm (Biso known as a
program, -31 | N A0RPCRAARE ol §@@9§5%%%ﬁgi&s;&wr@grgg%me%]m\g%s g code) can

he written in anyr?grm programming language, including I or interpreted lariguages, and it
can be deployedpmegsyesansndittddind akedipemdtaiomerpetesrand vhithstbetipslfbrconsbensisrie

subroutine; of ol Wi SHIGHIE IPFHSSAAFOPUBHADG RRNIRAIDEORS AP, program does not

necessarily correspond to a file. A program ¢ stored In a portion of a file that holds other
programs or datzompesimgtefilbadeidiosical rrasesprograineastduediotnoealrmrmatpte totrdinated files

(€.9., files that Sigi ONE.P LB VA RS LR PLAIANEm AR AAIRAR AT ERMIRKif computer program

can be deployed to be executed on one computer or on multiple computers at one site or distributed
across multiple sites andHipifiertonsenting aacs RelemoeRnes mewgbtlat serves a number of

15 purposes. Alternatively, this layer can include a set of large-scale computer models
covering a broad range of physiological systems. In addition to including a model of
cholesterol 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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The processes and logic flows described in this specification, including the method steps of the
invention, can be performed by one or more programmable processors executing one or more
computer prigrafté/ty98&tform functions of the invention by operating on ingift dita4ié-‘geHerating
output. The processes and logic is flows can also be performed by, and apparatus of the invention can
be implemented as, special purpose logic circuitry, e.g., an FPGA (field programmable gate array) or
an ASIC (application specific integrated circuit). Processors suitable for the execution of a computer
program include SoAWasss soffievaienpinelisae et aranspr Balt i B 38Yniiere (oRegE8FEN A%d any one
or more 20 procggsars ofiany dind ohdisital GamBriRi. PRAG RS2 RPRESIPE NIl JRGeIV R iRgjructions

and data from a read only memory or a random access memory or both. The essential elements of a
computer are a proBesBeuiRRRBARIRRIAKAGITOREEN BricBP IS eCRIBRISISPHSVRIBYHSE Rbring
instructions and ga{a- (GRNGIAINe 2orURPHETMIb AR, BRdanRRe ARSAIMEY SRURIpdIRsecRIve

data from or transfer data to, or 25 both, one or more mass storage devices for storing data, e.g.,

magnetic, magnés et GEREP btk A isRPIOEEIM ATD B CalPRErS BRI B PEMBIsdY g

computer prografm RsiGtiaasand @l@f@ampmqeégléﬁ@m@am&mlﬁm@ gﬂ@gﬁ‘%iﬂ"dﬂé@iﬂﬂ by way of
as

example semiconductor memory devices, e.g., OM, EEPROM, and memory devices;
magnetic disks, dgnultalnapersiaainktlss remolilindhaiskersormapmars SRrtulesiske P EE:ROM

and DVD-ROM disks, 58 BrReResonanshibadmsimaycalh be suprigsaantsd ducatchsrramerated in,
special purpose logic circuitry. -32 WO 2006/166051 1ICTI 1IS200j/045520 To provide for interaction

with a user, the iFBWHST BRATHEHHRIHEMRYGH Y eemiiRr istitrisbirgsnsy aelinle sitgs WeRT

(cathode fay tubg)iefchrfRAUd Leyniahdisniayn mewdar, for displaying information to the user and a
keyboard and a pointing device, e.g., a mouse_or a trackball, by which the user can provide input to 5

the computer. Other kinH&SaP@eiees3sh L ey tdproviad ¥othitsrecibreing Pddiradiell: for

example, feedbaglegiayigast r the Hsentan, kaby jamsratsenseny Jeaihagkosammisual feedback,
auditory feedback, or tactile feedback; and input from the user can be received in any form, including

acoustic, speechPBICEIERTE AT HHAMAETTCH SO BYSHBREFEATS RFHUSmMBIGHENS S that
includes a back igvRd&EPRIRGReRIng - On Rp@ datasAryeictihabinpludesa prisidiswaiedqegiponent,

¢ 15 flows can also be performed by, and apparatus of the invention can be implemented
as, special purpose logic circuitry, e.g., an FPGA (field programmable gate array) or
an ASIC (application specific integrated circuit).
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 memofy, 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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an application server, or that includes a front end component, e.g., a client computer having a
graphical user interface or a Web browser through which a user can interact with an implementation
of the inventi®f, BPYR EYmbination of such back end, middleware, or front BRAESAMBIAERR. The
components of the system can be 15 interconnected by any form or medium of digital data
communication, e.g., a communication network. Examples of communication networks include a local
area network ("LAN") and a wide area network ("WAN"), e ﬂ? the Internet. The computing system can

include clients and servEPPTRAlEAPLIHEEKAD Rith ﬁéﬁé?’afl R aoRaHn dsdmBlraeaisd fbically
interact through acsepiBLRcatea 2RMewerkecl be:relatiRTsfuml &ient @pe)serveraisas by virtue of

computer programs éﬁﬁining an the res ecéi,ve computers and having a client-server relationship to
: t

each other. E. STFtIAIHGPENS BOSHNREBBIEAN S8 FAaR o thE L hradia &S Yhetrodabe

simulating cholegi@minpeiabodisayina abanimed, satdnetbo dorRRisese X asivdidecapnuter model
of cholesterol metabolism as (ﬁgcrigﬁg abfoé/e._Methods of simulating cholesterol metabaglism can
further coﬁ}prise%fjﬁwg%ir PPIATEEABRHESE S Dt HitbfePo Aih it Lac i notitiuts

represent a phengtyps ofdhefbrelogigak sisi@ackl pe plded atype asér Rreseny 36ka besRlbstate or a
diseased state. in certain implementatiops, the methods can further inclyde accepting user input
specifying one o?c 1 paf; é’fépgo%ﬁ?/ﬁ??ﬁgle%‘?‘tgﬁ Mgﬁﬁ%/@%b’@%‘lﬁfﬂﬁﬂf&dﬁ%}ﬁﬂ%%m
associated with ohewsenancbnaitigmdtiaalne frase Malidis:prionto & spestin®thectlentputer model.
Preferably, the user inp%gom‘)grrliges a d?’finitiog of a VH'tuaI Fatient. or a definjtion of the virfual

protocol. Running the cOmplteF MY & ISR E BB OGP YIRS BISEBilatdpetadss 2 PaSkesented
by the computer enddemptre:setenf. patpauistiepressniroha arcindes Piediitypes afilpiialogisal
system, i.e., the ghmula}tggt%%bggrc\; ar(l)g twaqund?g \éalu s or .other indicia associated with variables and
parameters at a paficular time AT 4 barticular 2Xedutd §83}P§ﬁ89?81ge>?a?§6f3,Cgtﬁﬁgﬁétype is
represented by Viduesat @aphidic ulsertimerfadesrbe Wivtobofitker vhrialpte s/ $imulriechhynfanexample,
numerical 10 or anabical NIESERHAR OLP0% BVERIS e e nalical i alonR iR iadp e yalues for
middleware, or front end components. The components of the system can be
15 interconnected by ahy form or medium of digital data communication, e.g., a
communication network. Examples of communication networks include a local area
network (“LAN”) and a wide area network (“WAN”), e.g., the Internet.
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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the variables at various times and hence the evolution of the phenotype over time. The computer
executable software code numerically solves the mathematical equations of the model(s) under ‘
various simitateétiespetirhental conditions. Furthermore, the computer execXfdNSEWRREEode can
facilitate visualization and 15 manipulation of the model equations and their associated parameters to
simulate different patients subject to a variety of stimuli. See, e.g., U.S. Patent Number 6,078,739,

entitled "Managing objects and parameter values associated with the objects within a simulation
model,” the dischSea 6 WAIBIPRS i BIYSAtEl el b PrRSPERARNSTIR 1R & ESHIBEdFnodel(s) can

be used to rapidiyigslibyRRNGsas aoehR inve stigatepotentinl shvg derprts puihelapeultinstiategies.
The level of detail reported to a user can vary depending on the level of sophistication of the target
user. For a healficateluating o deWEiviBIRePhy members of the public, it may be desirable to

include a higher level of abstraatien siaptee: efqisoprpdiesaadeb Thigphigher daielafiedistyaetion can
show, for example, 25 major physiological subsystems and their interconnections, but need not report

certain détailec SREFEHRISHAECSSIMBHET MRt -he st R RS ER TS <eIRIES deciding to
view the detailegieigsramis of e bighgiidavelatabstactios sanaprovidgert, degciptiaof theyitual
patient's phenotype and underlying physiological characteristics, but need not include certain
parametric settifgetYey 8 @Fég‘féafﬁ‘ét“ﬁg\}fﬁﬂ%\tf15§ﬂ8f$ﬂﬂ?ﬁée@6ﬁ?ﬁ&t8??ﬁ% gf.tW’lffeaﬁ’ﬁ? fésenting a
therapy, this higpgtilevet efezbstnctionasan Hesekipapdial thertbsiapy egessbutedasdvabidnaiude

certain -34 WO 2006/066051 I'C T111$20051045520 . parametric settings ysed to simulate that therapy
in the computer PREHM12A Wissekhst PsTIAYIRG %%V@%@ﬁféﬁ B T‘ﬁfg Ysl%‘éﬁ?&ﬂ}gﬁé’ RRsAHor

subjects and dogtaisalgai dentzaeaitrasklynzencssitiendthonaticip madoiationridicompuietonodel is

configured to allow visual 5 representation of mathematical relations as well as interrelationshi
betv&egn variabf@vé,yééu étgﬁ'gf“é{ﬂﬂsﬁfé{?gﬁ%%FBEE@%%IQ/?{%Qhﬁﬁﬁ?&bﬁ%@%ﬁp&g‘gﬁn@ﬁ%ﬁs IFr)r?ultiple

modules or functional ardasdhaiuwheregutaieddhgeatserdepiesentdllasgh esahepieatondataf a
biological system. In one implementatian, the computer model can represent a normal state as 10 well
as an abnormal f@]‘&t,’%f’ﬁiég%keela’%r‘ﬁg%éﬁ“gt%{té%@%%%‘é?%% s@@%ﬂ%@gﬁ conaitions.
Furthermore, the computer executable software code can facilitate visualization and
15 manipulation of the model equations and their associated parameters to simulate
different patients subject to a variety of stimuli. See, e.g., U.S. Patent Number
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. For a 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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example, the computer model can begin with a representation of a normal phenotype as represented
by the phenotype of a healthy normolipidemic animal. A normal phenotype can be modeled through a
series of use%gfg?fﬁg‘é"égreens that define the elements, including biologicdl VHi2B1EY 4 Biological
processes, of the phenotype 15 being modeled. The computer model includes parameters that are
altered to simulate an abnormal state or a progression towards the abnormal state. The parameter
changes to represent a disease state are typicall 'ocgi#ications f the underlying . biplogical processes
involved in a dis®458§{Al& S %ﬁ”é%?a‘f‘ﬁ%?et? t%}llgbl%%sé?ﬁ't‘ Sr&%%&i&geo?oéﬁ?/wgﬁfﬁgf?ﬁil éfsec %ef)?{he
disease on the undigrlying playsialpgierByvdelebting gorandalieriigvanefor subjeparahietass a user

- modifies a norm%lms]tgge ar d indhl.(ies a ﬁéﬁﬁ%se state of interest. In one implementation, selecting or
altering one or more perf}arﬁer &rs %‘ﬁéﬁ%rmed automatically. Examples of diseases of cholesterol
metaoblism include genéitiomisergeracsiativasivypartpglyicendemiccantigingdarlipitemisgualetabolic

disorders such as non-intsylin-d. enldent diabetes mellitus 1’25 metabolic s drogn? fatty liver, and
. 5 .. rgprcsen anon,o athematical relafions Wél as mterri: at1o171s IPS © \{vef;n
medical conditions'associated with an” accumulation of oné or more lipoprotefn particles, such as

atherosclerosis. Fangtempieaimnesarersgnhbddmehfsocemputdhimodels candserfatmeadnitiatesimulate

cholesterol metabolism in a healthy indiyidual by generating a virtual patient blood cholesterol profile.
The profile can ir%ﬂ%@%hnégmﬁﬁ: é)glaﬁ%%\é atllézedggé ?%%’BW th%ré) ‘f)%? |§)§se, 8 nam %rgé‘r?aréfasses of
HDL particles ancototdtphasda chelestemtabnpsteglycerides. Changes can be made to one or more of
the variables comprising §I§> Vl\/rg) gOO(%/%%ggS&l PCT/tJ§2005/(91}5520 the model, e % ’sEQt% ggjdmon of

dietary cholesterol, and the effect of the an’geec(éonnt?eu €|3errrerl |c{:e§at§1yr8perﬁsé?g ierll(fjldzanﬂew virtual patient

blood cho1esteroWbﬁb@@b@mb@gxir&;ﬁBp@ﬁérﬁstm@mﬁqtﬁcﬁéq bt ghea coystpute Fmodel can be
Vil patient oo B e e R e
initial virtual patimtr@rgﬂjwd?ﬁ’déﬁmhmmeluﬂ@hq@mmmeli‘pimﬂ@bh&@m(@b., altering or
spchino e oG sl Rt B e
10 combination thtsrets ordhstmedeiobrgeaitatinblesvind higast preksfisesd ofthephenotype
15 being modeled. The computer model includes parameters that are altered to simulate
an abnormal state or a progression towards the abnormal state. The parameter
changes to 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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virtual patients may be created based on the initial virtual patient by starting with the initial parameter
values and altering one or more of the initial parameter values. Alternative parameter values can be
defined as, NWOSAKiie)disclosed in U.S. Pat, No. 6,078,739. These altern&VE {yatiietE2¢alues can
be grouped into different sets 15 of parameter values that can be used to define different virtual
patients of the computer model. For certain applications, the initial virtual patient itself can be created
based on another virtualﬂpatient (e.g., a different initial virtual patient) in a manner as discussed

above. AlternativBfymedinl. conjuhetiddiignieBrdisive halatpaiernd thastfedmpthecrogasarbean be
created based Oﬁr%é%ﬂ%y%ﬂ%m%@%%)'WW%M@%W%@&?{%JM example, disclosed
ion: " d e

in the following publication: "Method and Apparatus for Conducting Linked Simulation Operations
Utilizing A Computer-B4&3IOSyeREH st SRt ot naspieat i pUHitmierng iz onede 32085,
published on OctRRg!18,:2000) ad RisRHDiEaIQAGISEIPRe S aMRhed (Rl RsHermingAdditonal 25

simulation operations based on an initial simulation operation where, for examf)le, a modification to

the initial SimulatiéheheradidleanbrstplRsie rashs el bated eniHie rEsdit Exmb BaHFRIMYf the

invention, such addisinnahsimuisdion AReraions sAaIba uaepainreiersdiianatvitdah pasients in the
computer model based on an initial virtual patient that is created using the initial simulation operation.

In particular, a 3EUiFANPKHE MFEARVE CHRIBESiIFe 8 16 HEPREMRS A M IR intiired, one or

more simulation QRAFAHRRS ANRY PEIRSHLIHREARATIMRISIAIFIBNLIR GraalRONRiable3taMéthg or
2006/066057 PC Cl11S2005/045520 more "stable” virtual patient of the computer model. Typically, a

"stable" virtual pRFSHYIEERAFRERPEL IR BARS SRR AE AR ione Po s @sah AR, Ybroaching

equilibrium or steaedybiatR & AN FYRHRES M it PalisRis Afvhasopaneeiaedakeasthepresent
variations of the 5 biological system that are sufficiently different to evaluate the effect of, tﬂ.ﬁ%

variations on hoW i brabeHaMBshsiralshhriedon v dHiabrinal Rasspidiatarbng ¥

biological processgsJigpiasesied ydbekPmpHiny snedehrar beddeniifierhasniavingiadele in
modulating biological response to the therapy, and various virtual patient ,cz?n be defined to represent
different modificatib AR S Y@ YRR G hGIEFE A6 SEAPE d"éeg%re%’.‘a’m%l?dgﬁﬁ Rﬁf?o‘ﬂ oFthéBne or more

biological processgs 6,8m8,739. These alternative parameter values can be grouped into different sets
15 of parameter values that can be used to define different virtual patients of the
computer model. For certain applications, the initial virtual patient itself can be
created based on another virtual patient (e.g., a different initial virtual patient) in a
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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be based on, for example, experimental or clinical data, scientific literature, results of a computer
model, or a combination of them. Once the one or more biological processes at issue have been
identified, vatiQue ifti4! Yatients can be created by defining different modifiRSHGHE8UHES? more
mathematical relations included in the 15 computer model, which one or more mathematical relations
represent the one or more biological processes. A modification to a mathematical relation can include,

for example, a parametric change (e.qg., altering or specifying qne or more parameter. values
associated with tﬁ’é’%aﬁg}ﬁaﬁ‘ %P&cﬁ!ﬁﬂs,"éﬁgﬁﬁ&%}?‘&b&mﬂ%g %éﬁ’é‘fﬂ%?”o‘f SHBISr MBFeVariables
associated with theimathemaiiaatralatornmlieringenapabibing R0 onabsamote jungiioashassociated
with the mathematic brelation, O‘té? compinat(ii)n of them. The computer model may be run based on a
particular modification 3 s ShE2SGERT B U Ate a "stable” configuration of the computer model. In
certain implementationsy thiewnodeldicielestef chenetapolismisiekeauteprasdiites afgiyingod vetual
stimulus or protogol re rqsentin e.9. altetrfed eating. patterns 25 or administration of a drug. A virtual
5 10]0 c th(x[ ar 1%168} 1§ cval

stimulus can be a838Ested With a SHHGINE O BAFSP AR AR ES Apﬁ SRR ogical system.

Different virtual stimuti@ambboastdaciatddewith sstinulirtsabdiffes i gooneaapyerifroataneignother.

Stimuli that can beeadopllgge Q¢ ObyI}OCLg ical system can ine I%gi/

ne or TOCESSES TEPrese \ fpéo%amgle’cﬁf(i o Or'%yl%%[g sized
therapeutic agen?s, treatment regimens, and medical tests, Aélc?itlonaﬁ“b3 é?(arﬁifé‘s 8% imuliinclude
exposure to existingleyihypotblesiz et didedse prdegrsonsspeusther thxahupdey ofrstivatibinclirdel
environmental chapdes shoh a3 hose felating o J3E WO 20001000051, PRIIUS2008/045520 changes
in level of exposure to an environmental agent ?e.g., an antigen), and changes in level of physical
activity orexerciseolagirliptqestesol T begd eniiitiagiotn ef iy pnepre sentigodwpaciuaiotmsapyanan be
applied to a virtugl atient in an ,)g%rllnppt to predict hqw alr.eal- rld quiv t of the 5 virtual patient
would respond to %h%a%gé]r%byf)ﬁtua pef’o égg?sn% gtt]acglﬁ ‘é“é’%\gﬁéé LGX-Y %tllo Sréj‘lgeé?tshyfgté?ﬁué%ﬁ)lnclude,
for example, existingreputsipotivesized trenhpeutin aldats. dbddeshtnoenbregimebs)]ogerd passage of
time, exposure tQ, enVIroRMAnIaL ﬁ%g‘ﬁeéﬁ%%ﬁﬁ%%c‘ﬁ&%f&%%‘ 9%?9155‘(%3'{'1%%8&%%“' %%gt%i‘ﬁ%“.a' protocol
to a virtual patient, a set o results of the virtua protocol can be produced, which can be | indicative
of various effectslefinitigatdfigyent modifications to one or more mathematical relations included in the
15 computer model, which one or more mathematical relations represent the one or more
biological processes. A modification to a mathematical relation can include, for
example, a parametric change (e.g., altering or specifying one or more parameter
values associated with the mathematical relation), altering or specifying behavior of
one or more variables associated with the mathematical relation, altering or specifying
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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For certain applications, a virtual protocol can be created, for example, by defining a modification to
one or more mathematical relations included in a model, which one or more mathematical relations
can represent oneveientie biological processes affected by a condition or eff€dtesnOsiatattwith the
virtual protocol. A 15 virtual protocol can define a modification that is to be introduced statically,
dynamically, or a combination thereof, depending on the particular conditions and/or effects
associated with the virtual protocol. In some embodiments, computer models are formed that can
simulate the actidargfethier ipeliti agenstgotv tieenuimbenariadl ligicnt ¢atentohtipeprbteid phatigkss 20
implicated in varioqgvdlge ?’T states ass j)qtg)geyg]i[th a genetic or metabolic defect in cholesterol

metabolism. IDL have beeh Hnked 16 an increased risk of heart disease (see, e.g., Packard and

Shepherd, 1997, supra) lvDtugiapticlesohre gher visjorl dreodpstareireaenting fipoprateiber appkisnts and
are strongly implicated, i herogengsis.: v he si e ' icles can
bo used 25 25 o L B B B O R A kR
discrete fractionsysfuabpatiratpresedrekpoastdmibie thapipy; NDHtuR! pDataenlatieht (B bvapptisdtie smaller

fractions predomiaiagut XS IBISINRSUOIGER . AFIEARAN, B IRYRANNGED bRk SiAs AN
triglyceride content hé’s een observed. Large LDL's, I.e., LDL-1, is associated with fow plasma
triglyceride levelggatie pedszotsenl reHsns.anerOpasvags adsoviaterpasthicigliplasnmaciiglyceride

levels (see, €. Bagkardand Sheabeit JORLIPIS, andUelerensas g WD ARWO

2006/06605 PCT. ‘82005/04 5520 The modules depicte IGS. 6A-613, can be used to model
the effects of HMBtCoAxeehdtassalisibithory itndlctetienil con bneiedisedionutichgldsterol synthesis

and excrefion (Fungtion Nodes i EIMGre94 Sfedy 2" and "Ezetimibe Therapy"). IIMG-CoA

reductase inhibitors are specified to reduce the Function Node 5 "Hepatic Cholesterol Synthesis".
Dietary cholesterol inpuf ehererbranpt ¢atinpsialeirteal arotreth wvibe sreredsier fixeamerdntage of

dietary cholesterglieyHgyedaindiiol epete ShalS BB RINRR.F RN plalplestelohimepnsiutive

but can be modulated to increase or decrease excretion. Similarly, the modules depicted in FIGS. | la-

| 1 B can be usedviameteraors emgriical spettrsaga e ehbaa Rt o falthis
embodiment, CEIR csses affected by a condition or effect associated with the virtual protocol. A

15 virtual protocol can define a modification that is to be introduced statically,
dynamically, or a combination thereof, depending on the particular conditions and/or
effects associated with the virtual protocol.

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).

-38-



inhibition therapy directly inhibits the CE flux out of HDL particles. The TG flux exchanged for CE is
automaticall reduced as a consequence. Data for the various Effect and Summary Diagrams and
modules iIIuQ@t@H‘W“W@S. 2-13 can be obtained from laboratory tests of bRfoH B$WiviaPatients 15
undergoing blood cholesterol screening. Such tests typically provide measurements of total
triglyceride (Total TG), cholesterol (Plasma TC), LDL cholesterol (LDL-C), and HDL cholesterol
(HDL-C). The Effect Diagram in FIG. 14 calculates these values in specific Function Nodes in real

time for the model's virth3F FAREHES daRectiidadi fdrnene Grabriveddumensl e céethaeimay have

clinical significang®4@Qipsalyeingtiad mans ddaRbchalastarobid e e andudhBE GHdi @vet ghe breakdown
- of total triglycerides into each particle class (VLDL-TG, IDL-TG, LDL-TG, HDL-TG). In addition, a

Function Node cYBUSILS AL SRSERRAN OF {Bﬁfiwoﬂ&ﬁi‘a@@lﬁ%e‘{ﬂ?ﬁt@%{h@‘ﬂﬁ 28ty with the

total system cholBiséesel (P YHRIG -Tonarnd sysie ihitgeandepdSHstem rtfl. 2t indehm tndrrstood
that both the foregoin ,gerger | desgripti%lr;: and the following detailed description are exemplary and

explanatorly only AFRAHE HBP FESHOLRE G e matHEES DRI ISR AEEIRERIAS Marled

application, the use ekriie siaguprbésciyde tdealuealapeless rpasitinalbsctalad ahaaviae diso the
use of 30 "or" means ."an#/ " unless Stat%ld otherwise. Sj[milarl N "comsggse," "comprises,”

"comprising,” "inCfRAYS FRANGEEEO! SI0ECSinEEIFY™ Al RotSHES RS S P8 iRY! cHBh%o
21106/066051 PibdiEReD/G4a%26: bY dekddtRikESthnMethod for Developing a Computer Model for

models described here ST AR5 B ERETALEthE AT CE M ARG LD SO TBR b poprote
poprotein
particle class. Theffoet oChanpki figeas cantihecivitysé CoTteteimline i dynam| CEEMges in
lpoprten el AR R A AR R S e SR
covers ApoB-l00gzahiiolesi (focldBse sutvinbBricdl] WiebBtic2d Hala, dddkequence.
Data for the various Effect and Summary Diagrams and modules illustrated in
FIGS. 2-13 can be obtained from laboratory tests of blood of human patients
15 undergoing blood cholesterol screening. Such tests typically provide measurements
of total triglyceride (Total TG), cholesterol (Plasma TC), LDL cholesterol (LDL-C),
and HDL 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 1s 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
30 “or” means “and/or” unless stated otherwise. Similarly, “comprise,” “comprises,”

Y Gl

“comprising,” “include,” includes,” and “including,” are not intended to be limiting.
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L, and LDL-S (index increases with decreasing particle size) Index j covers HDL particles (2 classes):
HDLI, HDL2 (index increases with decreasing particle size) CE: Cholesterol Ester Is TG:
TriglyceridesW9a24pIesN!: number of particles in class i SA;: Surface area offfsatictenirsolasai CE,:
average CE content of particle in class i 20 CE,."y" : CE content of newly synthesized particle in class i
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 eatab;: catabolism rate for particles of classi V;:
specified volumelforip8AMEY &iclass i dcE: density of CE dTG: density of TG MCP: molar mass of

CE 30 MTG: molar mase o, RRHALIA6 DARAICU A} RATIFIGIAES b4y 20061066051

PCT/t1S2005/045520 B: Scalar for peripheral flux from particle class | C: Scalar for CETP-mediated
flux from particle class i MepelrutirncBased Pantiphel Diumbieghand bigidfepptenCalculation of net CE flux

and net TG flux based openzymalis; SenchieremoTRSHIAGd ALIABS ok ARRNRATIIRE flass An

example of the flux equations tor A 0B-100 particles are shown below: Hepatic CE Flux via SR-B |
per particlé cIassCﬁ(H%‘EtF-S&C-EG*ﬁg(@}NW@@ETrWQ) ﬁéﬂ[ﬁ%@%@ﬁ’mvﬁwgﬂ pappaHicladtiass i

10 (pCE)=BCE*N *SMY3EFLME can then be used to determine the dynamic changes in lipoprotein
particle composition and particle number that can occur within each size class. An
explanation of the variables used in the equations is shown below:

Indices and Subscripts
10 Index i covers ApoB-100 particles (5 classes): VLDL-1, VLDL-2, IDL, LDL-
L, and LDL-S (index increases with decreasing particle size)
Index j covers HDL particles (2 classes): HDL1, HDL2 (index increases with
decreasing particle size)
CE: Cholesterol Ester
15 TG: Triglycendes

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

CE:: average CE content of particle in class ;
20 CE": CE content of newly synthesized particle in class i

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

25 catab;: catabolism rate for particles of class i
Vi: 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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CE Flux from particle class i to j via CETP (F.TCE)=CcE*TG,ws*(n,*SA,)W6 F.cE CE Flux from
particle class. i to j via CETP (Frc) _'cE. MTG Hepatic TG Flux via HL per particle class i 15
(FjrrG):ArG’)HJQ*Eé%{"’(’? 1) Peripheral TG Flux via LPL per particle class i (BFEYS2MFESH0+ (SAr we
*TG,w ) Net CE Flux per patrticle class i cE CE cE CE nry 20 Net TG Flux per particle classi F Tr = -H
TG -pTG _F TG pi'Flux equations for HDL particles are not provided, because they are similar to
the equations used for E—legp B-E’LOO articles,.-41 W 0 21100/Q66051 PCIY115211151045520 2.
Calculation of remodelifg ﬁﬁﬁf‘é ﬁéé’g?ﬁeaﬁfer%? OfBPARLH C Sattitle class based on the fluxes and
constraints of each particlescalassdh e teafinétiag Aonstant poitinie Assdepigiadideless|D and FIGS.
- I5A-F, the net CE flux w%ﬁge\{)ux an s be cornbined in a vector sum to determine the net effect
of the underlying enzymatic "‘and rege%ﬁé?- REAEY 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 withi@ aigi@tospeteca £E dluyomal line Tk dbexdloprsiion daeymitisd by the
relative densities of TG and anﬂ@g\k#@gmg&i?@g&v&ﬁgggv%g%&9! ?%mig{et?ﬁ;i;}(]vo net fluxes leads to
two distinct terms: a remodeling term Which is along the i1so-volume contour (in this case, increased
CE and decreased TG for a net movement of réght and down), with a reclassification term (in this

case, negative T3 fA0BICLIdRRBYNiEqHBNES far RS 1IN RATE Pasibe bR s'9%maller particle

class along an iso-CE pept@i CH $iniGyitsHepicisppinRine #48 possible configurations of the vector
sum of the

(HFy=AF *n, * (54" *CE"?)

Peripheral CE Flux via SR-B1 per particle class i
10 (PEy=BF *n, *(S4,"° *CE"")

CE Flux from particle class i to j via CETP

(F,")y=CF *TG,"”” *(n, * S4)"*

CE

-y

F,
CE Flux from particle class i to j via CETP (F/%)= ~____‘JM.._ -

*

Hepatic TG Flux via HL per particle class i
15 (H®y= 4% *n *(84,"" *1G"*)
Peripheral TG Flux via LPL per particle class i
(P™) = A7 *n, *(S4"° *1G""%)
Net CE Flux per particle class i
F CE :“‘H‘.CE _}),‘CE +Zj EJCE

net;
20 Net TG Flux per particle class i
G 76 TG G
3 =-H i -5, “z j Fij

net,

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

the equations used for the ApoB-100 particles.
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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 | F.CEI (Fscl reelass vector sum | net, W,
CE rc index FEA"PEEEE dac condition direction p + + + diag up | + + - df3g IP Y8 TG wp 3
+ - -isoCE down 4 - +isoTG down 5 - + - isoCE up 6 - - + diag down 7 - - diag down -42 W 0
20116/066051 Pc.T/1S2005/111 55 211 FIG. I D is an example of vector sum index three. Vector
diagrams for all eight vector s mfriﬂﬁic s are sthown # EIGﬁ. A-‘g S‘Hf Each ?f}h% ﬁi}ght vector sum
indices in Table f results in a differehf 8t 6" CONaMSAS that denng” ﬁ“éS'ehcﬁlgt?gngf'&t € four terms
needed to calculate the 5 dynamicilef (havtibles cdabasaifi daiioes amd remadeling oDesdriptiotisiof the
three conditions that define thgteg%atiopﬁéa‘re shown below: isoTC: reclassification results from an
excess of net CE flux relative f64He”Aet U for e SE6 VoIME Constraint. As a result, the particle
is reclassified in smaller or larger class with the same TG content as the original particle. 10 isoCE:

reclassification results erﬁmilcléXbésE]é?-ﬁQ ’cp@i ﬁ&%?elétﬁré: tohhaeneEdflandraeti&idoxeiime
constraint, As a fesull, the.Raflicles seaassified dinSDAELO! BIEG s il g Same:fds content

as the original particle. diag: reclassification results from either both net fluxes being positive (particle
reclassified in largerierepsyomisintebeshinestretnghriagasivectperticimce sadepistfle'avsHhaller class).
Definitions for thGeﬁmﬁb%&?ymﬁ%i%&%@%&ﬁ@iﬂ%xmﬂmmde class is constrained to lie along
an iso-volume contour depicted within TG-CE space as-a diagonal line whose slope 1s
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 i1s0-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 F,,ff ,,Cf reclass
index Foe, = P, " 7; —‘—{TG— condition direction
0 + + + diag up
1 + + - diag up
2 + - + 150TG up
3 + - - isoCE down
4 - + + isoTG down
5 - + - 1sSo0CE up
6 - - + diag down
7 - - - diag down
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reclass,,dO" rate at which particles are reclassified into a smaller particle class reclass; rate at which
particles are reclassified into a larger particle class 20 CE;" Cll Y CE composition of particles upon
reclassificatioi reHEY& Yate of change of average CE content for a particle R{Z<YS2AS (/6520
2006/1166051 PCT/t1S200/045520 Equations for the terms and conditions resulting from the vector
sum indices are shown below in Table 2. Table 2 Condition Term ..--- - -- -- -- iISOUE isOTG diag rc
iFCE f: rr ~F.rc~ , ct=7 - recla ss crown dre dce aCFdmdredre +I VIII ~'-|; i F

|_rPEIFCF. F.I' ‘f&:n&lf?i%?%‘éﬁ@é%%%&i“ﬁk?f‘&ééhd‘&% FFcifestEaps Py~ for
reclass down: fotiggelasactowi inlitedake Ko wnGn GE;S Aedaadra(V -V+,} cE TG CE" lu.., dm Fne,,
dre +F GEJ; for reclags 4P g JSAPS s st ihdsecd SofIBIY 1 wsu S ieferen hecef F-TGd -

conditions that define the equations for the four terms needed to calculate the

5 dynamics of particle reclassification and remodeling. Descriptions of the three
conditions that define the equations are shown below:
isoTG: reclassification results from an excess of net CE flux relative to the
net TG flux for the 1so-volume constraint. As a result, the particle is reclassified in

smaller or larger class with the same TG content as the original particle.

10 isoCE: reclassification results from an excess of net TG flux relative to the
net CE flux for the iso-volume constraint. As a result, the particle is reclassified in

smaller or larger class with the same CE content as the original particle.

diag: reclassification results from either both net fluxes being positive
(particle reclassified in larger class) or both net fluxes being negative (particle

15 reclassified in smaller class).

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

down

reclass; rate at which particles are reclassified into a smaller particle
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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drG nel rr .r. net; eE Fce F rc n! net; remodel; N, dcE d rc p N; s 3. Calculation of final remodeling
(CE/particle) and reclassification (number of particles per class) rates The equations for shown in
Table 2 can @ combisedito provide a final equation that calculates the reclagsifivatiens/tate2@N,
syn, - catab; + reclassid,n + reclass;;, - reclassi"vi - reclass" dt 10 and a final equation that calculates
the remodeling rate: -44 WO 2006/066051 1I1CT/US20051045520 d"w, u, WE, syn CE;"™ - CE)
reclass CE "'r" - CE reclass~ti (CE.. - CE; f=N -+ + Nremodel, , B. Computer Simulated Lipoprotein
Profiles of Virtual Patiefigugreensdanithe e 200 AREdiserases ihitarmtibeaspins sHoWIEFIG, 2,
the CE and TG cgptght.af sach, Rarigigeclass can be s computed and plotted at each time point during
a simulation to provide real-time insight into the change of a virtual patient's lipoprotein profile (luring a
treatment regimen. A reference virtual patient's baseline (equilibrium) lipoprotein profile and that
exhibited after a typical HMG-CoA Reductase inhibitiBﬁb[‘r‘r‘e?apy are shown in FIGS. 16A-168 and

17A-17B. FIGS
that exhibited a|
atorvastatin (H

hepatic cholesterol Stores.” TWo

a decrease 15 i
hepatic catabol

10

"18A and 18B depict the reference virtual 10(RafignRLs baseline plasma lipid profile and
ter a typical HMG-CoA inhibit] | . ical
G CoA reductase inhibifib®) therapy on tieTRéference Virtual Palié8t is a reduction in
m%@p@gd tfeedpac %QQ STg ond]to this redugtion,+esulting |n: )
the numper of apoB-100 patticles synthes i;@ee FIG. GA)Eaﬁﬁz)mJ}crease in
sm’Sf 4P0B-100| partities dak,to upregudation et LDL-R (see FIG cx TG
Vi“Vm Vi“Vm Vf”Vm
HENN R EELEE
lass™ T ALLALE
rectass; drg _ dep deg  dyg deg  drg
Via =V, Via =V, Via =V,
for reclass down: for reclass down:
CE _
dCE Vth _TE_]‘_ CE _ ExelidCEdTG(I/i V;H)
i drg " FSd +FNd,,
C Eirec ass CE' net, net;
for reclass up: for reclass up:
1G, ExideEdTG(V;—! - V.)
deg| Vi, ' CE +—5 TG
drg Fnel, dTG + E:el,- dCE
~CE
14"‘4"/ —d Fnif
remodel, N, CE drg 0
Ni

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:

dN,

dt

and a final equation that calculates the remodeling rate:
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9D): The combination of these two responses causes both a net reduction in the total number of
apoB-100 pargcégﬁ(%irwl?ting in the plasma and a concomitant reduction in plasma total cholesterol
(FIG. 18A). The dimuratish predicts that the LDL classes 20 exhibit the most'éidh'ijf?gé{?‘ﬂ/ﬁ’éﬁﬁﬁtion in
particle number; hence, LDL-C is also greatly reduced (FIG. I8A). No feedback response to the
simulated therapy significantly affects steady-state apoB-100 TG/patrticle; hence, the reduction in total
apoB-lO%&grticle nu be(, reduces total pldgws" a 'I;g[; as well (FIG. 18B) Theltherapy- induced changes
to apoB-| %r;iéllé”:i%ﬁﬁes@ﬁl o reslatsmmédified apeB;- p@é’é{hd%(ﬂ@'ﬁ Partiefe Lompositions. For
example, th& simulated tfierapy causes a shift/éf the lipoprotein TG/CEgontent 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). 'Iéﬁi behavior. can be explained by a reduced
contribution of newly-s hthesrégalﬁgt?ﬁ%é@ﬂiﬁl‘ iﬂﬁ%ﬁ%‘?’\??ﬁ? HesaL Vst Ralie@Riilibrium -45
WO 21106/066031 1ICT/t1S2#(d-rek Gohidv B epRdition Redecdherahikfeenveciaipyath equations).
Furthermore, fewer plasma apoB-I00 particles necessitate a reduction in CETP-mediated TG flux from
apoB-100 particles intq,\H%-\grp&rgj;f@sz 'mgsd%r Ic@ dC fhe re d TG/particle . rved in
FIDL-2 after simulated thserapy (FIGS. 17A-B).’s é%{milq;ﬁy,%e a{)sgﬁr% ﬂ%%%%tcelié%o?g |I?é%and plasma
lipid profilé can lsemmuigdieadfpkadtedos ¢abhdysipitentidwingal patdstion he type dibrdystmidemic virtual
patient baseline (equilibriumJippRiaieinARlle s et SuBed B wRisRL HMGGaA Reductase
inhibition therap;ll ar%illlshown in FIGS. 16C-16D ?r%dlﬂc-_l@%g? FIGS. 188 andﬁ%%eﬁ%t the type llb
dyslipidemic virtiegipatient sasstinecpiutmbpeOdipid pretiieatadeilziréxnibirepadtemaptpbitadndMG-CoA
Reductase nhibilianeAAIARY At AyalatiiR G PoRse LRI wirdiRJAIRIAS e Sy atlent to

simulated 40 mg/day atorvastatin theérapy is similar to that observed for the Reference Virtual Patient

on atorvastatin. KEéB-106-paRiers indrddEe iKISi8ad§sand B2 dapcisiCrpionete visawalting in a shift

of the TG(CE cogs%%% %éﬂﬁ@?ﬂ%a (5 &ﬁx@-aPa-tk@kx%;B%HCAﬁér%gigm IRUHSHERAN
TG/particle (FIGS. 17C-D). Finally, plasma TC, LDL-C, plasma TG, and LDL-TG are markedly

reduced as a reRAEF@RRE ifabTiomi$hssaBIscussed above.
The direct effect of a typical atorvastatin (HMG CoA reductase inhibition)

therapy on the Reference Virtual Patient is a reduction in hepatic cholesterol stores.
Two independent feedback loops respond to this reduction, resulting in: 1) a decrease
15 in the number of apoB-100 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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-46 LLOYD WISE WHAT IS CLAIMED IS: 1. A method for developing a computer model of
cholesterol metabolism in an animal, said method comprising: 5 identifying one or more biological
processes a¥8beiitdts¢lith lipoprotein particles; identifying one or more bioldgiddl Htcdysad
associated with lipid flux; mathematically representing each biological process to generate one or
more representations of a biological process associated with lipoprotein particles 10 and one or more
representations of a biological process associated with lipid flux; and_combining the representations of

the biological proedition Aadse thaaPYitFediseTrSBIAB AR e YEmRete g B e biological
processes assagiated YRtk Jwsde R 3 RATAMRIMOHEROR R cholesterol fomaiabaliam. 2.

The method of claim 1, wherein one or more of the ide tifigﬁ,biolqgipal‘procg%]ssesgss%qiate with lipid

flux is a biologicBMtcesRie s iR BRbr IstasTEIsntehiR o AT et SUBYS 4 5ig8ToEn

particle, lipid fluxfnamialinapreirinl pediclerie R OHives. tissuds lipid flux from one lipoprotein particle to

another lipoprotein particle of the same or djfferent class qr subclass, lipid flux fr erjpheral tissue
R 2 e bl s

to a lipoprotein particle> BPIBIA A% BAsHIASHBRPERLTH A4 P4t 153 f

e method of
claim 1, whereinghe:-Rd Mg 9hEey apstipediationsrafd p2Gehiol0gicalar otedgstipsaaiatedimith lipid
flux comprises one or more of avar,i@%le re%resentin tot 1»chol g%g{ol,t tal‘%iéﬁ/cer{de, alcholesterol
ester (CE) per pBPHieR! RasEsAsisH RILms ?83%%}%%@ e t%’rh‘QBﬁ% €18 '¢RiS& and/or
subclass, a hepatig@EmzyMRcauperphsiiiebzyine apyhapaticwedediohsa petiphedalredentdrior a
therapeutic agent. 30 4. The method of claim 1, Wﬁ}eér in the biological process associated with
lipoprotein particiéS s é%dﬁ‘éi]c%fppddr%&g’gg%i gﬁ&%‘i@ﬁiﬁe‘%u U IR RN SP & A olism of
lipoproteis partidigsd fofile and that exhibited after a typical HMG-CoA Reductase inhibition
therapy. |
The qualitative response of the Type IIb Dyslipidemic Virtual Patient to
simulated 40 mg/day atorvastatin therapy is similar to that observed for the Reference
Virtual Patient on atorvastatin. ApoB-100 particles increase in steady-state average
15 CE/particle, 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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LLOYD WISE 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 a class of
lipoprotein particles, a subclass of lipoprotein particles, a number of lipoprotein particle?,@)n )
apolipoprotein composition of a lipoprotein particle, a 5 cholesteryl ester (CE) content of a %Ber%in
particle, a triglyceride (TG) content of a lipoprotein particle, a free cholesterol (FC) content of a

lipoprotein panjiglgy 7 8802kife e, a hepatic receptor, or a therapeutic agent. 6. The method of
claim 1, wherein one or more of the biological processes 10 associated with lipoprotein particles is a
biological process associated with lipoprotein particle secretion from a hepatic compartment. 7. The

method of claim 1, wheteihsoatrersasioplhgrerRimapiinehadinipaicab REAeRaeHERAIRPHSEs: 15 forming
a first mathem iﬁ%'rggg%e%ggré% n\4aria,ble_s associated with a first biological process from one or

. rsi oo . : b i
more of the biological processes 88S06CIatEd with lipoprotein particles and/or lipid flux; and forming a
second mathematicald@tifiing ane sy varmbielogissbriatedsastiashecifitet bidlolipcatgmcess and a
second biological procesgsffiergsone or more of 20 the biological processes associated with lipoprotein
particles and/or lipid .fluxﬁf8.. The method c;IH_cIaim 7, further comprising: creating a set of parametric

changes in the first n\AtAaHAS NG lhSre A QMieabrraeessicg ﬁ?ﬁl‘?\%gﬁg%;‘ﬂit‘,“ﬁ'i%%?i%?‘and producing a

simulated biological atetheneatieaboreprasdotisg eaetpairdrgetzigrobass) eofuencth sekeafrpasaanetric
changes, the simuated RieleaRLid s helbgeubriaola b cansialPain Il AHEaR L NE s gl

attribute ¢\ssociated with a reference pattern of a first cholesterol metabo Ltate. 9. The

method F claim 8, furth&PESHB A5G & R RSERRHP B Rieled fRiPE EBPY @RRAF BISH YA variable,

the value of which chanlgpes flupommerturbation of cholesterol homeostasis in an animal, the 48 LLOYD

WISE combining the representations of the biological processes associated with
lipoprotein particles and the representations of the biological processes
associated with lipid flux to form a computer model of the cholesterol

15 metabolism.

2. The method of claim 1, wherein one or more of the identified biological
processes associated with lipid flux is a biological process comprising one or more of
lipid flux from liver tissue to a lipoprotein particle, lipid flux from a lipoprotein particle to
20 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 one or more of the representations of a

25  biological process 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.

30
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.
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parameter being associated with at least one from the first mathematical relation and the second
mathematical relation; and b) producing a series of simulated biological attributes based on the
converted biological variable, the series of simulated biological attributes being 5 sylstantjally
consistent with a corresponding biological attribute associated with a reference pattern of an animal,
the series of simulated biological attributes representing a second cholesterol metabolic steady state.

10. A computgy-readsple medm aying compuiercreadable nstetpns siored, 10 thereon that, upon

execution by a 'proc'essor,‘caqseot%e Processor to ATRIES SRR
further whereiASERERISE b lROREANRIF Sar g erfining iaan atifeniariced oépreadmiimpsisentngr more

biological procesises orspepiater withibleapsoiaitinastisigse botafiniag adnaihrmaticak representation of
one or more blolo\ﬁgiﬁaéﬂrpro esses 15a sociatl?d with Iigld,flux; and c) defining a set of mathematical

relationships BBRNSAR THE TP res SR SIROBIIS D SRR 63 SRGRIMRNRHIGEY 6f cholesterol
metabolism. 1ahoigmecyrapiereiClehceitnhed dilipopbttiimatisie e tagly teeidegFGtmnschirtier 20

comprise accapBEbIRehiRRLILSIY bRIRRI REILBRRHTBIE SRinASERF KIRI N ghg er more of

the mathematical regre entations. 12. The computer-readable medium of claim 10, wherein the
instructions fuftial™ oﬁlﬁbﬁ?%aélgﬁ%?ﬁ?\tﬁra%ﬁdg?ﬁ%%ﬁ%laﬁ)eﬂ% model of cholesterol metabolism. 25 13.

The computer-readable medium of claim 12, wherein the virtual protocol represents a therapeutic

regimen, a dagnostisKORERNEE PRSP SHATIR 6628, ALEEE J AR sapurer-readable

medium of claim 10, wherein the instructions further comprise defining ofie or more virtual patients.
15. A méthod BORAIBANE L IRRESRISH Psiislssiis hickagisalpracesseseamad vthiaenigtekecuting a
computer mogelriciecretngitm dlaimalieptdid LeMJanMSE 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

7. The method of claim 1, wherein mathematically representing a biological

processes comprises:

15 forming a first mathematical relation among variables associated with a first
biological process from one or more of the biological processes associated
with lipoprotein particles and/or lipid flux; and

forming a second mathematical relation among variables associated with the
first biological process and a second biological process from one or more of

20 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
25 second mathematical relation; and
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
30 state.

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
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system. 5 17. 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 11160. erlcq}:n the_
phenotype represents a diseased state. 10 19. The method of claim 15, further comptris n\g dccepting

user input specifying one or more parameters or variable associated with one or more mathematical
representations prior to executing the computer model. 15 20. A system comprising: a) a processor

including computer-r le instructions stored thereon that, upon execution by a processor, cause
the processor to simggag%an?:ﬁgreés e ?ﬁ%‘f}ﬁ%%g”ﬁ%ﬁ?ﬁ%?ﬁﬁﬁ&ﬁ HE @o 'Eﬁt@ﬁ%ﬁ@ﬁiﬁfﬁnstrucpons
comprising: i) mathei¢4atiIpe presanang orghemaline nibitigicaindrocesses 20 associated with

lipoprotein particles; fi}dhadheeatisady eRMIBRINGIABEiCH RABURRIBLIR] BrafResSSR cAgsociated with
lipid flux; and iii) definin%[a se[t of.mbqlth matical re ation%nps between the representations of biological
|

processes associated' ¥ AopTotRIR pARRILES Yl For iSRS Rd FEhaBIMisR §RIAE processes
associate?dl with lipid fiukstanfialhptringjdeniwith protoesbantirgssb bbivaltbtritatic alsseleititsships to

generate a set of OUtQM%rlé)w@éib%Jtt‘éﬁebi%rrﬁTHHﬁz!wa‘ih%grééﬁé%eéftéfm%%%%kﬁépa(lﬁ%‘y%% a user

input specifying one or more parameters associated with one or more mathematica _
representations defir{garﬁfletﬂtggo%fﬁﬁ?é}drgg‘a85*@%&&5@98‘1‘%,S"&?Gycitétgecond user terminal, the

second user terminal operable to provide the set of outputs to a second user. 50
10. A computer-readable medium having computer-readable instructions stored
10 thereon that, upon execution by a processor, cause the processor to simulate
cholesterol metabolism in an animal, and further 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
15 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.

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

20  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.
25

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.

30 14.  The computer-readable medium of claim 10, wherein the instructions further
comprise defining one or more virtual patients.

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.

17. 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

iii) defining a set of mathematical relationships between the representations
of biological processes associated with lipoprotein particles and
representations of biological processes associated with 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

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

outputs to a second user.
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