WO 2007/103817PCT/US2007/063220 APPARATUS AND METHOD

FOR COMPUTER MODELING RESPIRATORY DISEASE I.
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application claims the benefit of U.S. provisional patent application no.
60/PFPYA0¥Ed 3 March 2006, incorporated herein by referdi¢ddUis?d/063220
entirety. Il. INTRODUCTION A. Field of the Invention [0002] The present
inventionYBRBAE IS MNB MERHOE ﬁﬂﬁaﬁ@\ﬂmdﬂ%@ﬁk&m
systems. 10B. Backgroundﬁéu‘g (ﬁ},{ 03 it was

estimated that 20 million Amerlcans curren ave ma and accounted
for an estlmated 24.5 million lost work days in adults The annual direct

heglth Ga5R llion; indirect costs
Iost pro cﬁlty add an‘gﬁ%(r?ggngé %/o(%&f(‘)(r?a otal of $16.1 billion
doIiQPQ TV HiS 2BRISTAB R e SRSt f Yot ansisinaaient ratieation sy
stak iy’ pee¥drified Iridatiti 8 Hatmpomattdadrrig inataysenid treadtirety.
inflammation. Two classes of medications have been used to treat asthma
- ati-INERODRCIIPEgents and bronchodilators. Anti-inflammatory drugs
interrupt the development of bronchial inflammation and have a preventive
action. Theyhiril «flte meehfjoar terminate ongoing inflammatory reactions
in thp@ifways pReseReeits instedg-20cait 8%&%\@& eleslne Aﬁ%%%%ﬂah
and otheg anti- mflammatory compounds. A new class of anti-inflammatory
mec?caflon@ RRGWH as leukotriene modifiers, which work in a different way
by blocklréq C'[IVI'[IY fc‘[? gmcals called leukotrienes that are involved
in airway mfIamr‘r?aP O hEvaT et eﬁtﬁ&?'&ome on the market. [0004] There
exif8%1lvdn d¥ieyascastintaied dvatl2arilisrebmesatrer apiestiohaveatitiona and
25respiratar yoanddungaainaestsiiet canmek pessantyne. treatedudidbet health

|ea§£ er E&h&@gsﬂ%@g%%%ﬁ@eﬂ/vﬁ l@? l@l!@ﬁtn‘% ?e%ﬁ rﬁe%?%sg f%r %’ucp vsty) add

S|gn|f| ant etrlr‘rﬂent | side effects. This is the case O S

theapeosplr ORI A AR %&rﬁ.@dl‘:&ﬂﬁ?ﬂ%ﬁuH&“A‘haﬁh@ﬁ&ﬁgﬂa rWeﬁPged’ it
5incRafiRG V@éﬁ@@dwafﬁlwm@émaﬂmbm@nﬂﬁmmﬁmmn Jherigng airways and

inflapariationmanidnal liRrgiass depletion@tithgeseaseiivnsed siaetamt_iC anti-
Morr%mﬁam@rgg&e%dﬂ@run&%aﬁ%%&sf%\mm%&%D&V‘%@J Qphpactic

and. thera eug f%%)h ar]lorls and requwe low amounfs of active agents,

which 5 R IGEAUBEIRN &NA Taks ?)Péﬁveeveava@ﬁmﬁfmafa also

efféppdify or termi nate ongo ng inflammatory reactions in the airways. These agents include

20 corticosteroids, cromolyn sodium, and other anti-inflammatory compounds. A new class of

-

anti-inflammatory medications known as leukotriene modifiers, which work in a different
way by blocking the activity of chemicals called leukotrienes that are involved in airway
inflammation have recently come on the market.
[0004] There exists a well defined need for novel and effective therapies for treating
25 respiratory and lung ailments that cannot presently be treated, or at least for which no
therapies are available that are effective and devoid of significant detrimental side effects.
This is the case of ailments afflicting the respiratory tract, and more particularly the lung
and the lung airways, including respiratory difficulties, asthma, bronchoconstriction, lung
inflammation and allergies, depletion or hyposecretion of surfactant, etc. Moreover, there is
30 a definite need for treatments that have prophylactic and therapeutic applications, and
require low amounts of active agents, which makes them both less costly and less prone to
detrimental side effects.
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WO 2007/103817PCT/US20071063220 C. Summary of the Invention
[0005] One aspect of the invention provides methods for developing a
model of a respiratory system of a mammal, said method comprising: (a)
ideWM ; Lor more biological processes associated with lQbstruction of
the respiratory system; (b) identifying one or more biological ngé%Sszé)%zé%Sm

associated V@Hkﬁ%tﬁﬁﬂgw ngi;m% rr‘espiratory system; (c) mathematically
representing each biological process to generate one or more dynamic
repfB92hiatiBRessrd Bidlsdiianisoreaidss stiesdninyBRPacTBRYS the
resisisairory systiem eircronenet, vt enrtipre semtations (of iddoitlogjcak or more
ProgiengiasRciatess Wik SR aHIRN D BLEAE BRRE AR RYSIETRIAN Gl Wentifying
cophiingdhesRIEseIaons ol bialadicahiopragesees fn Jonm B nodel el
the respiratory system. Prefera f’yt e modé‘l of a respiratory S)}%{em S e
cofiBiEP G B BSETEGRAITONP QPR ProTeRs ISIRITEM pRecE e dynamic
asgeriatectaiits obstrigbiiiveiafrresirateryiaystein ivstudeohbort taseasptratory
Iimﬁggdem,akami%@f@gﬁ}ﬁ@%@%@ﬁégiﬁft%iwléﬁ]c%ﬂ&e&@s%qsem@&wQﬁéﬁl

pro ssociated. mucus. Bi ical process associated with .~

C kT T B T iy

andfSPFRTE AR TREsigtde resRilBiv-avsivteRiiu sy B atadelit respiratory
mugxstesesretioniedat hede spinsiweptatepitysiam derudingjcsaseiskasses associated
perimaaRiifvciistesnetsia)sRRtiiint anmateny Mediato 0908l B cesses
ceriain implemeiations gf the invention, the method for developipga , |
model of a respiratory system rher COMPrises i St ing one or Mote
bioRSGTEST BroAUsE ¥ Hh5LBRICRB ASWRAPEISHR EhepittalisrsisredBimyest ise
resprirateayildystedior &nfid mnatioenatitatbysr epoesdrdtipgpeasbshisdogited with mucus
pr%&i@ﬁ%@ﬁ|@é§@sh§6ﬂ§i@@5@ﬂhé§mp@éﬁ%‘§gﬂwg5‘? SERELBIR,OREQE secretion,
moge J@Pfﬁ%ﬁ%%&?@% eof;i goblologlcal process associated with

a

I . . . .
biomechanical remodeling. The biological process associated with

biolR& ¥ arlieaFFRIMBS Mg Gians PELHiaveRIy dhemethrrtie deyrimpiigalmodel of
processsaisucizsEth\itthdissue A&tsypenfilasiare biotogitabipyoeesscesses
asseeiEgatMlh 2oy cARI IaRse-0h AR INNGIGALRIOGSSE ASSOCIALRL IR ally
tssus compliangs. 490971 Yst another aspeci of he Iveniion provides
computer models of a respiratory system of a mammal comprising e or

moPE AR AT B RlSrRIEF IR B L BIRAE CapERscrsse waled viited
withiobsthectionremtivelires pirstoigieystermoeneassrniote migthamaticadical
?hOr@m@@mga&m@r@é@tho@&@hpi%%%% @%’i@{ﬁt_ é,ait%sﬂlox%is@ %@%H&ggmpﬁssue

e I I ; sel 0 athematical relatipnsnips petween
e B e eI B Sl procoss

the ESATFREMHCEEY 2 SRR &b mprise one or mathematical
repltMBhtatieran othar bivlegicdhpiocesassotiatedmitiebiomeshanicabiratory
rer@QQQHnQ @H%ﬁ@%ﬁ%%ﬁé}éﬁﬁe@ MM&M@W?&?&@%@&QM%a biological
B L T
representations of a biological process associated with constriction of the respiratory
system; and a set of mathematical relationships between the representations of biological
processes to form the model. Optionally, the computer model can also comprise one or
mathematical representations of a biological process associated with biomechanical
remodeling of the respiratory system.
[0008] Another aspect of the invention provides computer-readable media having

computer-readable instructions stored thereon that, upon execution by a processor, cause
2



WO 2007/103817PCMIS2007/063220 the processor to simulate a
respiratory system of a mammal, and further wherein the instructions
comprise: (a) mathematically representing one or more biological

progesses associated with obstruction of the respiratory system of the
mamiial W&Hin at least one representation varies in respoRS8 RS BiéI63220
blO{ﬁ)eCJICGJ rocesses; é % mathematlcally Srepresenting one or more

biologiF BTt AR S0 RIS B LPSRLE Mt SRR It B oA AR IFate WP @ipintde

of tREHARerTRrise(¢}) defivingtisadetrepratiiogatical nedetitinships processes

betwseeriathe wapresentatioosiof ipiegisd HEesass et darmiamadel ffeast one
theréﬁ%%@ﬁit&ﬁyn%m %E@or‘x@@t{&&ﬂ%p% S%I Cﬁgﬁ)c é%e%%g%p{meathematxca

mathematlcall resen%g% one or more [ rocesses assoua

Wit B OTRALIRATE ﬁ%f’iﬂﬁeﬁé%ﬁé?B&ﬁﬁ%%%C%?iﬂ@mf\}éﬁz
or |W%éiﬂ@fﬁyﬁﬁ@ﬂr@§m§dﬁéﬁg‘hmhﬁ@adﬁﬁommlw aloveptingtisseriamutships

speeifyirg DREPFIRaTAPASDMBIRESAN y@ﬂ@@%tasmwﬁ&wmm%ﬁramry
mogﬁs%f&h&m%&ﬁm%%%#@%?%ﬂ%@ AGENAIR el Q%E)Fggenr}%[élognsé ol more

he lnventlpn the instructions may also comprise ap

proto 58 &“8%%88%?%%%*%&’%8&%‘?‘;?%@% rﬁﬁ% arf Uiptipgpiratory system.
‘Opro‘fﬁémét'mu@rén BdeiEpe. et natiteibrs, ithteipentioregimensptimgrsestiput

15 presniidres:; passageahiine @XROSYIS: I enyHearetal QS}% aﬂ@le
Dhm&m&'%éeeﬁ&ﬂm@ !H‘&lﬁéﬂ? m(? é%\e!nghgollpssg tlons Fe mstruchons

deflnln% one or more virtual patients. An aspect o?tﬂe |nve’n

prOV|d’essﬁlg?ﬁ‘@ageo?%%maﬁlﬂﬁuﬁl Pégfﬂ?aitﬁ’r)ﬁ?))?f&ﬂ oftheresRiidieny setem.
metXeaIRIBM prisih §releselstitt decbvh praevhtiodet ¢f dhespitditonysysteniagnostic

1s Methads 0ésipigtatBgairespisdans wmﬁmﬁthrns%n@B%@mymse In

av I Ci togenerate a set of out
R e e

ese t and {318 'BY5R (HiS RIRVIIP S 13 QﬂségﬁQ“H‘ﬁ?fﬁléﬁ?éﬁfaﬁﬁ%yStem of
thearﬁ‘@!ﬁf%‘é 1‘9%@@&%0@7&&1@@%@@@“@ asEnuINspEtifiingspat@y system.

mommanam@er&amgarraﬁ;teamsg»ﬁ@te@bmvfﬂm@é}%&ﬁéﬂ@é%ﬂﬂ%%%%ﬂ?@'protocol
2orep('@§n%rg@rﬂ @r%&f@@o@éﬁgﬁgg égf"o?gmg r%rrarr]gsde mPref rab{?’geo the

user |r com fbes a definition of a virtual patient ora defimton of &
virtdia gro 051010 Y 3MBREP dSREEat Wfﬁ\?éﬁﬁé?n%?cﬂﬁéé%ed state. In
systeiE EBRRTIRMRIqE. 4 proebsdoititintudingrobripeatesnte@dabténput specifying
instictiomsretpsetntiereomy i abodREBoRKERLIRN dhe BFOREseHakaltse the

pror%%?é@n@t@”@lﬂ %ﬁ@e%ﬁ“ﬁf}tm@/ ORI RTO%EW a5 erabk(b)thae WStr T
termlnal the firs user termin erable to receive a user input speuPylng

2 ond Ve pg'rt'a?rrﬁ %rg’ %85’gf@(‘j’rv@lﬂ'?fffﬁtéoﬁPH&QW&H%M&
repi¥8&htatiBrry elefinetPssy ehbebiepiiesrareddad kyststuationsirane) @ pacessor
secandingerctepminabathe secttitsespsminakoperable i srayids the.set

of %eég%toc%%cm@&U@&@JQ%M%&CQ?&WM“§ Qnmﬁthem

atl a{:% a first
represetntlng Qne or more biol oglca processes asso |ate W|th obs u
of thes reLiFstoly sﬂlg&@ﬁ?ré?ﬁrﬁé%%ﬁ%‘? BiPRTARAISRIN ?@Eﬁ‘é@’é@wﬂ?@or more
30 on@BRTRPE 35HORIGICHIPHEEs SEscassticmmsidalitvresnstictionetfithey the
resgirgtorsr systest ofthetmaminal: (b eafitingea sehiakmatRenatical  wrminal

relationshin, I | Wi on com
zoo‘%/gg%%%&pc%“&%qé‘e}%é?&%%%%@%§§§%§%§%§§$§%&!y n Bt

and Feprosarits 8?%"6%05%8 PR SELRURERCRARES RitRrkHikigRstruction
and(it§ éﬁﬁmgﬁf?gye@x;ﬁkma@f&@t@@mm@uﬁe settofmadithbmaticad Télgtionshipsre
3510 (pemmyiase pac@_eﬁsm‘smsmutagm&ﬂdoﬁsmﬂnbe FppsesipietbRys AR ob Skl iy mmal:
thearthat-ie é@B%@@ﬁQ%reiationships between the representations of biological
3
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5summarized above may be used together in any suitable combination to
generate implementations not expressly recited above and that such
implementations are considered to be pad of the present invention. Ill.
BRIEF DESCRIPTION OF THE DRAWINGS [0012] An overview of the
methods (L&' o develop computer models of the respiratory ¥o5{Adf{/9g3220

illustrated in FIG. 1t 1h3l FIG. 2 provides a dla rammatic summary of an
exempiany model afthd restiﬁré{% 5 a)L{ERIcT6B E ]"ﬁ@f bipiRQIEH HreEespes

exclfisarESuHirmangtiag: ant tharmmkérmoddled fortadoiayhelsstrofotiathematical
airweiytioostsieictiganandeailer sedateadiological processes. 15[0015] FIG. 4

projjgles an exesn QW%@EJ?&PBP&%Q @@kw%Sﬁggptqggqh%omrfgnlﬁlteln 08:A ions

£ ede ema, mucys and alrwa%/ smotot muscle to pul monaﬁ% Unction a8
measlrsd By Iégo\/?[ "BbEeIEG Ogegf%wa@%ye?ﬁ'@fﬁﬁﬁ PRBE EHRRYPN
|||us@?@lﬁﬁ§rﬁ@fmﬁaﬁ@rﬁwﬁ%ﬁwwm@hw@| izn6 thatcdat iiopefepitivelme and
sensopdne/ese palOOlig Mése@ previgms an exemplary Effect Diagram
illustrating macrophage population 20dynamics. [0018] FIG. 7 illustrates

medtiaBRIgFoDBStRIPTYON TR apiFoRAWINGS] FIG, 8 provides an
exqmﬁE’}W ﬂf&%%@gfﬁ% 'Jw\'é%@&"[lge%e%‘ﬂéé %m,?u é ry ghas%lratory

extravasatlo /recrujtment. [0020] FIG, 9 prow san exemp

"“Diat r%W|\fusTF A% Fﬂ:ﬁ?c I populat|on 25dynamics. [0021] FIG. 10
illustds micdidmse ies actitmanymatinstcetisn[0022ERiGI4rY prodéshan
exenyplasyriz fagsiagram illustrating regulation of mast cell

extfamalIeiairgqmgwa%etar{%%%ﬂ%awm Vﬁ&%aanﬁ'tﬁﬁ@%'éﬁ@ é%)r airway

Dlagoram ill UStl’atlgg €0sIno pu lation 30dynami CS

illuShREE e 81T pradl ?Br%‘iloérb%ﬂﬁ%?}ﬁﬂ?c[@@%] Ff”—’f@esfﬂsprowdes an
sexd PRy BEfetrDiddrant kasorieimd flegulainaofiessitipihi contributions of
exteavasatartreanditMeal.smooth muscle to pulmonary function as measured by FEV1.

[0016] FiG. 5 provides an exemplary Effect Diagram illustrating population dynamics and
mediator production of epithelium and sensory nerves.
[0017] FIG. 6 provides an exemplary Effect Diagram ilustrating macrophage population
20 dynamics.
[0018] FIG. 7 illustrates mediator production by macrophages.
[0019] FIG. 8 provides an exemplary Effect Diagram illustrating regulation of
monocyte/macrophage extravasation/recruitment.
[0020] FIG. 9 provides an exemplary Effect Diagram illustrating mast cell population
25 dynamics.
[0021] FIG. 10 illustrates mediator production by mast cells.
[0022] FIG. 11 provides an exemplary Effect Diagram fllustrating regulation of mast cell
extravasation/recruitment,
[0023] FIG. 12 provides an exemplary Effect Diagram illustrating eosinophil poputation
30 dynamics.
[0024] FIG. 13 illustrates mediator production by eosinophils.
[0025] FIG. 14 provides an exemplary Effect Diagram illustrating regulation of ecsinophil
extravasation/recruitment.
[0026] FIG. 15 provides an exemplary Effect Diagram fllustrating basophil population
35 dynamics.



[0026] FIG. 15 provides an exemplary Effect Diagram illustrating basophil
population dynamics: WO 2007/103817PCMS20071063220 [0027]. FIG,

16 illustrates mediator production by basophils. [0028] FIG. 17 provides

an exemplary Effect Diagram illustrating regulation of basophil

extSVa\(/)a%s?gJ {clJOr%frlgcruitment. [0029] FIG. 18 provides an exentpEHp 13220

Di illystrating neutrophil. population 5dynamics. [0030] FIG. _19
illuagl:ate&s rﬁ%ii%?“ﬁ?baé%fc%i}%%@pﬂaﬂ%m@ rseNIEIG. 20 provides an
exdiffghy Effedt Diadaneiirsmatiany Ryl Sitgneof Hesstatphibgulation of basophil
exterasatahmeetuwitment. - [0032] FIG. 21 provides an exemplary Effect

Di ysirating.ligsllnandlation Eddynamics, 109831 F1G, 22 1 oo iad
illuas(j%ggns mediato‘%%rloduction l@BT Cells, EOO%&AE%EI@.SE% B%‘\ﬁlcji%é%pdnmpu ation
sexer%'b?énrlﬁsEffect Diagram illustrating regulation of T cell

extFat3%atiblrd Srillisiiaias. TEORS) PG Rispravidesahiexemplary Effect '

Diaigai ill Fstrating dineting kinetics EASANMIR S DA R IBESPIR T IR ophi

thesgatexb el ihemessk of the respiratory system. [0036] FIG. _25 prowdes

an pIaFrl)éEﬂect DJagram iIIustratin% requlation of endothelial adhesion

moﬁe))i():% s expresSiGH IR LB IRt A andfusiesting pirstbpgpulation
105ys‘?éﬂ§’?‘{i§937] FIGs. 26 and 27 provide exemplary Effect Diagrams

illugeeadlg appltationratanvédistdpretacabrepresenting C;éSGle; recet|otorITh
antaer{sts-ie 3 mpdal i e resRiraten 28system, £IG. 26.illu trates, the I
mo%a&tio% t(/:; the model reémg%rom the g%l?gdour?lé? {hiera Lﬂ/aa{%?io ce

phaerxrﬁ%\(l:% Gnetics's l'E',PS%'LT receptor antagonists. FIG. 27 illustrates the

effdRES Y Cyst Fhrewvidasaaraionasy pReshiiaweyritustiesrin theicokitextcabr
istheannide| Rfthed BpiEasRRtSYSIRNoHRA38] FbGn 28 BFVIdES EXERIAN M,
Eff%é@iagﬁ%ﬂﬁélwg\”@éé% %98“8%?}9 Ef%fc‘y Bltéjgarlam ilustrating regulation of endothelial
adhesion molecules expression in the context of the model of the respiratory system.
[0037] FIGs. 26 and 27 provide exemplary Effect Diagrams illustrating application of a
virtual protocol representing CysLT receptor antagonists to a model of the respiratory

20 system. FIG. 26 illustrates the modifications to the model resulting from the antagonist
therapy and pharmacokinetics of CysLT receptor antagonists. FIG. 27 iliustrates the
effects of CysLT receptor antagonist pharmacodynamics in the context of the model of the
respiratory system.

[0038] FIG. 28 provides exemplary Effect Diagrams illustrating application of virtual

25 protocols representing pharmacokinetics of short- and long-acting beta adrenergic agonist
therapies to the model of the respiratory system.

[0039] FIG. 29 provides exemplary Effect Diagrams ilustrating application of a virtual
protocols representing changes to the model of the respiratory system with implementation
of glucocorticosteroids and histamine-receptor antagonist therapies.

3  [0040] FIG. 30 provides exemplary Effect Diagrams illustrating application of a virtual
protocol representing soluble IL-4 receptor therapy, anti-IL-5 mAb therapy, and anti-IL-13
mADb therapy to the model of the respiratory system.

[0041] FIGs. 31, 32 and 33 provide exemplary Effect Diagrams illustrating application of
a virtual protocol representing PDE4 (cyclic phosphodiesterase 4) inhibitor therapy to a
35 model of the respiratory system. FiG. 31 illustrates the model representation of the

5



25protocols representing pharmacokinetics of short- and long-acting beta
adrenergic agonist therapies to the model of the respiratory system.

[0039] FIG. 29 provides exemplary Effect Diagrams illustrating application
of a vttual féarotocols representing changes to the model of the respiratory

systeh Wit Hplementation of glucocorticosteroids and PCT/US2007/063220

histamine-receptor antagonist thera |es 30[0040] FIG. 30 provides

excTRBTAR BHES Bgrare ISt SopcaBeHOiE fa AopoROBEES nhiitor
re pRESETERY ¥selnibien the qerdestof tt‘rwempyi @itite Hesbiraty tystapy, and
anti-IL-13 mAb therapy to the model of the respiratory system. [0041]

FIGY: ETAMLERPESGrARNexemplary Effect Diagrams illustrating

application of a virtual protocol representing PDE4 (cyclic
phosphodtestyeagiewd) inhibitor therapy to a 35model of the respiratory

§ystm2f|@heg‘$\ﬂ&#{§ﬂ @%&%@QQ%J& %%%9&&89&9&?% VXQomputer model of a

_.\

-
U"l

200 SZOO /06 220 kinet 4 inhibitor.
e e O S s Lot LU LR RGP SR ETPRERGERAER s

in tﬁ@‘&%ﬁ?&%ﬁﬁ‘é ﬁ?éa‘éﬂ?fjt}%hr@%ﬁf#&f@fy%%é?ﬁp‘WODEMW
DESORtPTHON Al @legiciewrb(o9%2]aFheinventio noestinipassesragietory
med@@@ﬁ? f%@’ﬁM@TBMﬂs@ @%Bﬁﬁ&%&fgggﬁb%maét Iyt AN f‘Ff‘%ﬁ’r%%X’s
System. . els include representations of biologica
‘processes g@é%%}raﬁé %B%S 3.6?138 e %&?3%’&;,"%%‘%@?1&‘“&%?&“9 respiratory
rep?é‘%@ﬁl%ltlons of blologlcal processes associated with constriction of the
respiratory system. The invention also encompasses computer models of
respiratoré §§ﬂ§}ﬁ'§"ﬁjmethods of simulating respiratory systems and

corf@ﬂ:itiﬂr_ Sy Sheimgida sgaauiatangine spé;abo By syste msindividedinisionsc 843} of
A "iglogicaksysiane.IGRD ancw fgaggﬁ@nam{aumnngwe)%.&%

collegtlocp qf ceIIs S ch as a [€, an or an1 a tissue, a muﬁl -ce TIuFar
organism suc %%pgn T%II‘IéIVI%ﬁIaﬂ r%gﬁaé%ﬂgﬁ?' W SRR cRiIR Repyation of
mufWSEIROGERRAS, SIFA Fopaietio bEmRaltatenisiar brysensraidisueh as

a groppaihemantpatiehtsotrdbe ganenalhumancReputiogasa MiteiRue
biolagieal systeimreanalsR Wehereifrlayane, & Tl bt{r%'%ldﬁaﬁyﬁ}s%ﬂm

he nerv immun m, or cardig-vascular system.
Su%(ﬁ%]t (al'heeter%u"%&gg;[ga ompoHerﬁ ngsetrg to aoport%n of a biological s),/ystem A

20  biological component that is part of a biclogical system can include, for example, an extra-

25

30

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 intracellular receptors, enzymes, lipid
molecules (i.e., free cholesterol, cholesterol ester, triglycerides, and phospholipid),
hormones, cells, organs, tissues, portions of cells, tissues, or organs, subcellular
organelles, chemically reactive molecules like H', superoxides, ATP, as well as,
combinations or aggregate representations of these types of biological variables. In
addition, biological components can include therapeutic agents such as Bz-agonists (such
as albuterol or formoterol), methyixanthines, corticosteroids (such as beclomethasone or
dexamethasone), mast cell stabilizers, leukotriene modifiers, and anticholinergics, as well
as combination therapies (e.g., Combivent®, which is a combination of albuterol sulfate
and ipratropium bromide, or Advair®, which is a combination of fluticasone propionate and
salmeterol xinafoate).



[0044] The term "biological component" refers to a portion of a biological
system. A 20biological component that is part of a biological system can
include, for example, an extra- cellular constituent, a cellular constituent,

an (Qg%a@%'l"é's% constituent, or a combination of them. Examples of

SuitAblé biological components, include, but are not limited toPMIA{EHBTips220
DN roteins, surface and intracellular receptors, enzymes, lipid
mo@gﬁi‘s i}.% ?ef%m%éﬁeuﬁ%i&&qéﬁ ﬁ?j&é&ﬂ&@é‘%ﬁﬁb‘” series of
phd¥ErRSHpTS PPSeRsTRieResal Emp R En sEXRIsDIES, gheviiaris kiblosits| processes,
tissuesdarotganstsivtitee v artegancties ahenicalyireatibredmatesutesuch as

likent3ropHRGONAES &ERHas Well as. p%%mﬂyomgo%ta% %tQSFSn and the like.

. i b
5rep1t%gggrtat|%l% gg éh(—:trgceetsgpggncg blologlcal variables. In addition,

biological components can SR REFSS ATRSESR e RliRiA%e or more
1331550RIEIGAERIEH 96 ABuNE & e PferRTetdrdNdinssartarthinaegent to a cellular
cortievsteroigis(suchgis bediametitasortogicsodexaneihasomrbraastorel
stabilizagye, IBuktseng Jaedif '&6%%&%%‘&@%'ﬂ%@l%g%ﬁg“ﬁ!%‘é&% by gome

combinatign therapies (e.qg., Combivent(r), which is a combination 0
a|bmd‘t°e!?8l‘3§u| a Eaé‘f?a“iﬁ'tcr%ﬁ?&rd? %&?&8?‘%?‘1/&’&\%{%8%ﬁﬁ%fﬁqg- a

0 corfiftfltion Bl EaEBPRISr pisPraberaindosaRrnr R YelURi afote Rt s the
200418381 REIY1 MBA0074063220{0R4bbihe termxariplegis abriasRssSinciude
'S UsROIESRILAR MEAR, L INNEFARIQR Q% AEIISS-OfNURLAGHONS REINEEN e trophils,
b|olr9 |gf3rt\lﬂlgoggggensents. Examples of suitable biological processes,
inclu e, Bat are ot limited to, activation, apoptosis or recruitment of
certdMdelld he iR axersRis-o ghasrsh erRi (Rsse tr etiieihst cigracterizes a

15 perpigaiilityomediator frodpletionyaadithedkae Thedermmurhielagicabls, the
ProgGeRseCRRAROINEUAHE FRERGHS &0 H_?Brﬂﬁé”&)Pc,%%tPJt_iHPuOJPatP\%E‘?‘a‘?&%'&ch as
agents g%neS(r le the process of |_nd|ng a therqpeut_lc agentto a
cellular mediator. Each biological variable of the biological process can be
infl{fHEEd, Thsy tearapeachipetitesst HaEbiRarasiologicalyafitislecrtisece of a
biokegiabiiroogss! yosesnesbittagicabmpehanissassyiticihgershiat @ach other,

2@Spﬂﬁg|&%%t@ﬁ%s%%@éf%99§jcﬂ%ggé 6&);‘-@?\&%0?8@@&@595%&{&%5&9 éhg level of

heraeépwo mean g}e\éalue tcharacsgterizgs_thg interaction between tw

more bIOlOgICal CoPORARTS. EXAmpled BIBAPAHRTRFS Tha SRR IR AR and under
corfeefited R aRdOTRITIREME ARt MG Geells, such macrophages or
neul®osiils Ainteraityvaydissuiese [@D4xhmbe, taerstavasiablediasudsesh Rareigan, a
refeEs e, anvlbg thalchRlacierizesa drRinlagicaleempRNE c!r:jé%%%%%els

of voqxrif;lbleos include the total numbper of T cells, the number of active or
) h - A L U
*inactive macrophages. and the ?(?ﬁé’eermrgﬂ%aof S REUNESH Qe gggmammals,

bratifRiA PRI SA [tas]YPh &R ARC BREDWES Rotiseitehirdiahayimetihe
thespetutt of dverdecasrenseiehpEres. Oftbiotogitel pietessasa Ascipe can be
biologicabiRieeearetMANgsBAlYR i 8 3F AR %Qtig}]? t?@é:" n@éyg%%lﬁg a

undﬁggg{esec . Onelngjeasure ent of a phenotype is the level o

activity of vaniables, parameters, andjor BioTog S PRoCRYLBRIH s ditptors
30 time YPRPYIRRSTapRRiIfe tpex peslinettaipdr dnieshenexaaicto tititionsoiGe49FEV 1

A phenotipe oarireludesfos exampieitheistase of asdiadidiciial erily agthmatic

OrgaHticA liSS B ABMGN M-8 Iar QygaRish Quganisms dselilindhgie

Enegggqﬁat%pydmrgg%els 25dlscg.os d herein ngclu e animals. The term

Ors 1or a i being treated with one or m i
anlmat oy g p?u%nes ngmma g e or more of the therapeutic
agents.

erein inc

35 [0050] The term “disease state” is used herein to mean a phenotype where one or more

biological processes are related to the cause or the clinical signs of the disease. For
7



%3]

10

such as humans. A phenotype can also include, but is not limited to, N
behavior of the system as a whole, as measured by FEV1. The conditions
defined by a phenotype can be imposed experimentally, or can be

congditi ent in a patient type, For example, a phenotype of FEV1
ca%ﬁcﬂ??ﬁ égnﬁount of contractile stimulatory mediators and rBgl/f&i#tg/063220

30 lar. permeability for a healthy subject. In another example, the
o B S T S A ARG Sah eqratafroon. a dseasoc

stifftAto?y heissries SY6t-eehiraIy ertismafepatieatf| Aispasemitiienn be modeled
examiptis, albrphehatypéoachificliderthemmeitsaleaniaatiaslinmHinaRma,
me@ﬁ@f@%ﬁa@%ﬁ@%m%ér 9@%%@%32%%@2%%%%%%%2%& H’t%cr:}ary

a .35 e term "disease e"is u ( ]
iy i Sy e e A
case P ThePBIRGCRr SHTPIST BRéndideuadieuman watent. a group of human patients, or
200% 10881 TPOTES 200 063 220 exasipieadis aRseSIAS fARBMINE o

staterodirelisepsed sl AdlsasethyeannAdinerssdigsys, or a
dis@?ﬁd m étlt-cellulﬁupﬁ%amlsm. %ﬁam,ples of diseases that can be
e

modeled include asthima, Chronic bronghitlseRrbli BHgHGRR@nalvtical
pulfBHAPY S &AM emAYRg SBeAE, @%Et%ﬁb%%i?zimé'@ﬁ%f@maﬂm@ numerical
puliiegratigrecfeneangtitmetialyretebofisin pixHownady by B HHRNR| 0ftion, i.e.,
pnesyanemniaptuberculosis (TB), and lung cancer. A diseased multi-cellular

organi n be, for example, an individual human patient, a group of
huqnﬁgﬁagaﬁﬁt%,r%r i0lo lcapcﬁéra&erl il s Lse, m{glfé?%e&?g&%ga%%ﬁy, or

car"QRE B A7l RRRTB R ot e flelpgisdl By §iem. of ahexaweiptolagtion

150f hainfiEnstiatoly paeiicitodi{60B 1k dthentars simtdadion: dadGeshbareiRitgia

mem&H@téﬁ%ﬁriﬁéh%%@'YH@%MQJ%E%QEQQ%;QE&J@%FQ%%%?%LE&%@% ‘can be

For example, simylation can mean the numerical integration of th
mart'i%%‘ét{‘égﬁ%%fﬁé?% e’ %ﬁ% PR SRE B & BGrRSESNn Stitable examples
dx|aft9$(59,9t9,atﬁ*fe‘festzpa’fﬁéeté?@ﬁia%mign@aqiiéﬁm@t@tﬁgﬁénqsaammsegrem
refécigle traigrgualitynied fropestyrefrapadicolesheneipenimbiplegical

20 SYSIapidrRe examplsy iglegical 15characteristics of a particular disease

25

30

35

. HRRIRir : ACternst o vath
R
me4¥ahdhraRte B rhRIFIGRAN SHaBRE spararae eireshvdions properssetng the

Suitattiedextswples! vbbiblegicaihchandetelisticsinssaciated ditha@disagsstc
stat bl @RSPIEAIEY BYaled RS, Ry ROt limited to,

volume, airway 20compliance, or
meﬁﬁyiirfel ! 'lﬁ{ev{ﬁ% %f%rx%%%%xgérﬁlé[gg%e%H in connectlgn with bio‘ljogical processes refers
IStam .
to varying the character or extent of the interactions of biological components within a

biological process to reflect changing biological conditions.

C. Methods of Developing Models of Mammalian Respiratory Systems
[0055] 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” approach that begins by
defining a general set of behaviors indicative of a biological condition, 8.g. a disease. The
behaviors are then used as constraints on the system and a set of nested subsystems are
developed to define the next level of underlying detail. For example, given a behavior such
as cartilage degradation in rheumatoid arthritis, the specific mechanisms inducing the

behavior are each be modeled in tum, yielding a set of subsystems, which can themselves

8



[0053] The term computer-readable medium" is used herein to include any

medium which is capable of storing or encoding a sequence of

instructions for performing the methods described herein and can include,

but 8t ngnlted to, optical and/or magnetic storage devices and/or disks,
carmer wave signals. 25[0054] The term "dynamic"” as usBETHETR7/H3220

corbneé: ion ¥Vlth lalolo c%l % é)ce ses refers to varying the character or

extent of the in eractlon% o gt CBRAsBR R\ GRMR P biieg sy stems is,

probEEdas rlfRacl dsiinrsiry o kajiedpschelittrrecEriadéthdasaafics of the system

DeveI@pmgemde@@an@mﬁTahaﬁeB@S@ifm@éy”ﬁM@%@ﬁw&@% rﬁore biology, from
Comﬁ%%rdmd%ﬁﬁﬂeb@ .9@%@5%&&(‘%@%& cgsﬂg ki Uég g ?{ i m avuor

progesgpc aJP gf%rol ti ns Th ? ter mo el can be

pAdOWn" HPPrOAL &Y By drlbis 'ﬁk%gtféh’@f:’&?%‘isdf‘ﬁéﬁﬁ\ﬂ%rs
|ndf8§‘fi9é‘%ﬁf‘£bdlél%‘i%él %‘ﬁﬂi'ﬁ@fﬁP@JQC agdiéease. The behaviors are then
use@eESLonsteainiEonthe systen assiacseiobpestes. sy M@W@%Sparatow

de\é@&%}ﬁ@‘i%g@f@g ithe@ext J@l\é%%UHQEIH%Hw Qggtﬁ'k 88?? ??’:l g %né or r\é%pe

a bg fmor such as cartllagtegl adation In rheumatoid art

specitic e RISRSRSS temg th ABAERRSICHPS 8RR ANseTmAe Rigiqaical
OturRIARTERN G b syenedstmsiiim cahetitsntiiotlion & bitiGical process
2003440881 TR CIATS 2005063230 begesensiiuatash aachmadeied ift  relating

det@lkhJF&&%%FQE?&Q:&QP&ﬂ%BRM%@HP%& GRam '%héher?ﬁoé %ar‘?"éﬁs%‘ c‘émpnse

def ne h aviors th haracterlze the dy namlcs of the system
a WRO %ﬁ %nﬁ n (r)ﬂte:t%n‘%?gbgggr%‘?ﬁ?ﬁﬁ@?ﬁ?m|W§hrHBf%eél?'ﬁf'ﬁ%re

blof‘éﬁ‘Vf’ﬁLkﬁﬁwofH@etEﬂﬂj@Wﬁ’ MR Sreei g ethotigbxtetaibtiosseibticage of given
15 biofogffeah dochibvion SSppgi Bealyddheisoodpl de S apaaia OfrﬁéQﬁ’@Hthal processes

biolagisahrrinerasesith l
therg eutlc C age [iyli %ﬁ@%ﬁﬂ%@pﬁ%h{%ﬂﬁ%’%ﬁo g‘ %egg O]typé a\)’ thf)’ biological
cor% u?er mo %e

S FSRIAorS SYLtEHI LTl AriReg lesior THe
mefﬁftsa%ewiﬂeawft%ﬂsw RiGPERAR gsepdaidmihebicip givalrotiosesgesth airway
assoetatebmath aiminedahssrictiongapc Qe OnByRIe PiIB@GMatory system. The

20 10H@lﬁ%§§%@ﬁ§%ﬁ%ﬂ:éﬂé‘meaé%ﬁ@yoﬂgém%y& Ond. m%th%%ttﬂ@g@lroe%rgsennng one

blolgg”ca ces§ associated wit alrw? constriction or airwa
0] ore

obstruCtion can be Informad by data relStiiy 28 tRE sk atsy ssrefiznse andior
an)tisﬁéiﬁfﬂyrﬁ’etﬁ’éﬁéfﬁéﬁtféﬁ%womé\’ﬁﬁ‘éthod can also comprise the step of
idel®987hg foite i ivtogivatipre tesspsaassaciatednattaibivmecanitalory system

rergpglalinenal. thecrreém [ step
. of Lamaihemaiea Wﬁﬁ?ﬁt@%‘?ﬁéﬁ?&%ﬂﬁ%ﬁ%ﬂ%i%ﬁ“g%o%%?e, e

|o?og|ca ancgcoessese%%ﬁa LriSatie Ay YBLPERE AR LAY BxRye in one
vartety B %&ﬁﬁéﬁé"@w&&fm%@ brsefidal Pfdcelwis & inechbyrithéirect
equationrele hexidtatxepotihasite seribedbelay LThedie erpniatiens. of
D loleatepbauecesssn asRsiiEy BUDRAANAYLARILLAN ABRNUN RIS atory

ObStI‘L%CtIOH are com qed th s formlgg r;aredlctlve models o
resglrator 8y S\{COHS ﬁ;on an airway opStruction. Each of these processes is

ynamtcally responsive to changes in the environment and the phenotype of a subject.
Airway compliance may aiso affect the function of the respiratory system. Airway

30

compliance refers to elasticity or stiffness of airway. Primarily, ‘airway compliance is a
measure of the parenchymal tethering of lungs within the body and relates the cross-
sectional area of a section of the lung to transmural pressure within the lung.

35 [0058] In a preferred implementation of the invention, identifying a biological process

associated with constriction comprises identifying a biological process related to smooth
8



20 methods may further include the steps of identifying and

mathematically representing one or more biological processes associated
with airway compliance, tissue compliance and/or tissue hyperplasia of

the respiratory system. [0057] FIG. 2 illustrates various biological

proéve%g%og it Telate to the respiratory system of a mammal. B BEE007/063220
imp Iem§ntat|on of the invention, the primary measure of the
25p%?%r?nca?ﬁgécg?rfﬁgd/&W&?&Vﬁ?@%ﬁqngﬂ@arﬁ%i%@@%ﬁ“ Areptseapeasinted
expifiéh ifmaeth sescled ¢irstidrorpiratorp wetathe imetastoond oh & Mot @rway

FEV¥hdsta rﬁesaﬂlaycdl’(@&‘dtlr@@&ﬁt,ilf%ﬂﬂ&h%%@hﬁ@i%@fs@?\ WiN8o8S methacholine,

descripeddndambert g pomech Eng 11y %%‘?:Eéﬁ?ggg g?gfgwn;\

prlmary biological proce Ses aff fon of the 1es

aind4ySEBIT8t c*?f@ﬁyéﬁtﬂ‘ airdiay: @&%@w%h@ tiféise fpradesseagcissceptor (8-
30dyRpapicatytie spomnsive deschange Bittieh RN &uuiﬁagz

Phapesype f:AbiBRAMAYCAmPLANSS May.also affect the fundtion of

the res§|rato %1 éﬂ)%/stem Airway compliance refers 1o elastic 3)’ oP &iRgdse!

of AIFWayS PHAFAIRY, 4 Rﬁ&@‘%‘BPﬁBl?éﬂﬁEé‘%@%%%}émé BPtP@Cﬁb?mwﬁared to
tetH@ﬁ%WPmﬁg%Wh?ﬁythw%@ﬁdnda@ama the toeuss-sfastionaiateq ofsaem.

1osectliesuehtperhiigate Wamﬁbﬂ&%‘d@%ﬂﬁ%%%ﬁ@lﬁ‘ﬁéﬁ@&f&[&%@dﬁr@cﬁon of the
prefeged mAEBRTIAIOR LIS YA, Henig sobacal roeess

assoclated WIW%OHSU‘ICUOH comprises identi fological proceds
rel PS8t SFRGOth 6 20t #te éfﬁwm?ﬁ‘@eﬁ%@eﬁﬂﬁfﬂ@ to simulations
corfit&Raryatandrostsmesthiong dole mhiodesicy a3 ebicloticadgarocess

asso0sIEd bty B PAltL LS ELe RAMERHPBIMNAY H{‘L&%Q@Fﬁégﬂbﬁse interactions of a
AN e R S R e e A B

and/or relaxation stimuli, such as ROS, metha end

1, SUBRARAB AR AR YIROHN B BARRAMT herisenéskimirasensitized B-AR
Ssuigstaisigedeptoradykinis, soyrtting, 0@l -GS ET, tPEase G2 2R AF Nrigtamine,

132 adyRARY GGy RIS k2N AR Qfgp@jﬁaglge fraction of desensitized

[32 ne rs.and PGE 9] In another preferred
mpg%@ntaét%%&%% Fﬁélﬁs\slseer?t%srslo? ent |]lr§1<ji1 a %Yoelgarl‘?:%ip }§REELSe interactions of a
2 assGEReY Wﬁ%ﬁ‘ﬁ%‘ff&ﬂ?@éﬁﬁ‘ﬁﬂﬁs R ARG e bivlclielar pritbelem, ainway
relaieidletotiss aevaypiesplalia, Ssavajuducesandiesede maniadbiet)Ssuesak P,
thengsBkAtORY &s&mxxd@ Egﬁ,weﬁmp%r&@ﬁﬁe'%és%%\éﬁﬁ"@%‘%hﬂh%h%ﬂne B-AR

essentlalgy é effect on obstruction of the respiratory system in t

context of &l S|mula Forstsn ???S?SWTH@&%W%F%?@@CAWSPWﬂﬂLR@&OQ'C?"
daysETFeeRESTFIRCE ffdbtaivkt sseehypr nowiaams duae e \iriddoal

25 simisiationsnes kespir a1 oy el b6H OMAS WY HHRRrBE HRUSSHRLB MRS Lbr 2
de%%r{g%% %Q&%‘%r”&%ﬂﬁ?e§ %ﬁ% c%;%})ﬁgn\évétpe elrrsV\{a¥he gcs ICI%I d

com I’ISG mteractlonso a svarlet of components su

luminal A, YRS t&%?ﬁ%o%’f«%r%ﬂa“guﬁ%e%% §Pafﬁec§fﬁ@<>ﬁéwmﬁrﬁ*b*e enzymatic
acé@ﬁ&l’ﬂﬂl?féhqu&g‘wmsﬁsﬁhe ivpetivrsof He SEnsitineth QR AdRhpionisn

receion Ginerasieusaectating eellanteyst kil RRAhsBGEDIBON AHSIBI WS 4 time
3obragéé%%ﬂmﬁhdéga§£@mé@oﬁﬁbee%@8 (L?%g C(LO?DS é;' In%'(?&!g%)e rélev?nt to

rogrensuﬁs assouated Wlth alrway edema can com r eracuons o

20varety oP@g’T’@QP%HﬁBB%ﬂYg%%“g? ’%?é'ﬁﬂﬂ SR pRMEHEA, sranss
eplf%‘fﬂm JARGFSisRtrcetrssar Wiy tks tiodledelstissuefiwity pressianes, tissue

vassiyap peirmealdiy S@Mﬁt&ﬂ@&r@pr@%ﬂ%ﬁ@oﬁa@@&%ﬁb@é‘lﬂ% cgyﬁsl—r-gsp!ratory
PAEyswﬂaWQQVa@ryan%n%@o%s %?%K@%J%ﬂl!@@ Wﬂ%nATE{d ISt ?é:rlolgesses

fraction of desensitized re-AR agonist receptor. In a d|t|on‘%08|
processes associated with airway edema can comprise interaction of
biological 10

(28



25components related to tissue compliance, which amplifies the

magnitude of edema for a given change in vascular permeability. Tissue
compliance refers to the elasticity of respiratory system tissue, and
partlcularly describes the effects of irreversible enzymatic scarring of the
tisste AV tissue hyperplasia, the effects of tissue compR&AEESWA7/063220
edema are essentially static in the context of simulations of respiratory
FunGuioH dth R ETHGSRA JPRAAEIRS, tYapdobrpdelkdhatiae dtferdadsmly for
tisstPEdRfpfardatioan be relevant to simulations of pulmonary function
oveobsap tmeqo@mdmb@gg)@aﬁso@és@@@@ﬁee@em@@@]nTh@%ma'mirea'
PrORRSSER w'me'mgn&meesa%ﬂ'%;o'g%a%%%s Qpliance, tssue

d._F
yper jla and tissue compliance, represent |omec anlcﬁlre%reseaﬁ or

of the TS 3?0W§?émoq9 éf‘@r%fﬁsﬁﬂtﬁ@ﬁﬁbﬁ’i%‘fﬂﬂ?ﬁé HPB‘?éslH%%ﬁ@ﬁSWlll
|ncmamsr@lfdy@idalapm@@seeseow© D006 BB EFP BTHUSRODTAIEE822Mcal

assetiased Avitbtiemeshanical rpnadaliogdeyvsnsfer rﬁ?o@éi%%éa@é K€ behavior
'nte(@%eqnﬂg'é(vg%téh?&? J\ﬁ!\r Qﬂ §éWHé%’i' %%TJQQ)G%J Qnce QF mOr articularly,
?O?nﬁje ﬁ ois O? t?’lg

biol O ical %YOCESSES are identified e COﬂ met

invatioA & 52H BRSdiehl r}?r%%@%%t‘?érﬂ?ﬁ%éﬁﬁ‘?@ﬁﬁ)ﬂ?@fﬂ%@éﬁ?@@”ﬁd@”ab'es
105 exiREHHkkingHey ee wimstbitesod ek davs lepretehteniistdislogicabipatessystem as
usingleafinstenathamatisabrelationnd & segrRpgibieleeical process using a

secmglsﬂ@%}%@gﬁe&g%h%%&m %%%Wé“%%é@?“on tyja) al r'ﬂc'”dest
a eé)res%n

one or more kﬁl’la les, the behavior time evo Uthﬂ or wi

simARE B éh%?ﬁBB?e?WB‘ﬂé? tﬂﬁo?gyb'ﬁﬁﬂiﬁﬂémﬁt‘?ﬁ‘at atical model(s)
rel i Gitscompidecerspui msotivd reartiefine ietesdotiopsaarc bigpyasiabtessses

1510deaesthinpdeveisoracibAtias Ofovaripus WQ{WCQQ&[?&%@%@% may
b'ol%ﬂfb@l W%&g Wﬁ“a@ﬁt#@ygﬁ’a%qa%t% Ieéltgcf;hca% bé etrle%tlal

uations,
g{g re ress entations of the various b|o ogical componen nes-n
ad

2 ABTRLIC A9 YRS ARETRIGE 58 s ?ﬁ'&ﬂ%’eﬁﬁ“@é‘%@mwﬁ'?@ BPRDS,
phw%gh@aﬁwgw@rhs THRopiRaherfisizabgisotel(spist thie.

corfupear-executabiesaffsateteoHRrRpTaRaNES theoHyNamis biolagieakre
zopro&%§%¢§&@%ﬁ@%&f@n&%%‘(ﬁx@%’r@”Ct'on The form of the

mathematical equations employed %E}y include, for example, partial
differential equations, stochastic dif g @dbatlons differential
alg@bpstc dr@adichveatinar reda ghiatoasrealiutaprastoniata)dmipledriables of

mape, etsatjonriofnenorks ofdpoaleamey fuzzy lmqmdﬂﬁéﬁ‘é%l@’s%myf system
[Ooﬁé‘rla!ﬁ'e%?@Sn%rf‘@%‘#ﬂﬂ&!&ﬁmﬁ?%@é&@ﬁ@%@‘:ﬁpp?ex"%tr% erac ons amongeblologlcal

model| e 20ordinary differential equations of
25 variables. In one implementation, the parameters are used to represent intrinsic

characteristics (e.g., genetic factors) as well as external characteristics (e.g., enwronméntal
factors) for a biological system.
[0065] 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

30 specified, numerical integration of the above equation using a computer determines, for
example, the time evolution of the biological variables x(t) and hence the evolution of the
phenotype over time.
[0066] The representation of the biological processes are combined to generate a model
of the respiratory system. Generation of models of biological systems are described, for

35  example, in U.S. Patent Nos. 5,657,255 and 5,808,918, entitied “Hierarchical Biological

Modeling System and Method”; U.S. Patent No. 5,914,891, entitied “System and Method
11



dx/dt=f(x, p, t) where x is an N dimensional vector whose elements ‘
represent the biological variables of the system, t is time, dx/dt is the rate
of change of x, p is an M dimensional set of system parameters, and f is a
funct(i)on that re_Presents the complex interactions among biolo%cal
25vanaBEs i one implementation, the parameters are used fd RS3PELAHR20

intrinsic characteristics (e.g., genetic factors) as well as external .
T e SR e SN e

In SeATPERIBBERSHES IR Meketrderdainrme tinafieresi Mdfe ihsfansbimulation
theovahresieofSystathpGtiangiven Dree@Compaphrnalypemé the spadel is.s.
mathematicallys 86.3Pesiied\umE iraldnirarationofitheARey s LI &N ation

usi nputer determines, for example, the time evolution of the
ol e VAR HSo e RaFE T Bl i T B By pesored

timé'§H086f TiidisraceastindrrisrtReBittigicpivesisesinreNesipbiked Patent
to dlenésete imedikdfl thidatspstitanyagystOrle Genet fianmafomaaels Mfsociated
e et S el S .
oy G A B & G T 610 SoebiALEe S e Al

10 M eHFEER SRS Io08 7146383 te R NP/ 6:83H8F 0B 8iod ‘e trmendimgaiver iion
of BiothetinicainBystmsslith Spiatent MoizbP3Cdbdytentitied System Mode!”; and
"Conpyiaiibasshaysieiuasd Mehodsialnipmatems Riage, MAdednd, ation

an1dM§ég}ulation of Complex Systems Organized in Discrete Compartments
in Time and Space"; U.S. Patent No. 6.051,029, entitled "Method of
Gelf@Bfling Bemispieds feAnduDieieme SiHueirsts BtidringlihmepNster aredels
15 LinkeReipresentations'sxd | dte rtsiod6 36 % 629¢ eatitladng\detharied biological
ProyishngeAGress 48140 Gih BAEAMSIS TS YWILhIN A URIHAE QRMAAS it 1
Pats(lethdglgg%b?a gﬁa‘?gct;{“ﬁsgi "Ai%etpc’rd of Mé\na?ﬁ%ng Qbiscts and. - octeristi
ParAnater VRIRS AL AR MR e B RoRnf iR ACe RiglAgifR pharacteristic
Modepswesnpdiemaey. @ssagsarmehtitiedrenmbwictiot@eatsetingembination
DispilaykavradPynacrionSiriotatian ddadel ddtikzing Maserani Linkay point the user
20 ioﬁﬁi)[‘:tﬁ§ %t‘(':‘a%thlén%‘h?aﬂglggéﬂ%|§i\9i$n?’h%gg w%'&?ﬂ%nol‘{hﬁ#&%@e@% overall
pparatus for Conducting Linked Simulation Operations Utilizinga
o e e, R e e s B SEPG pn re tauont
entitl&: A JfetHo e ire 8 EId O S edntiierirf ars i dneivivtorreFor ek iting A
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30 mathematical relationships between the representations of bioclogical processes to form the
model. Optionally, the computer model can also comprise one or mathematical
representations of a biological process associated with biomechanical remodeling of the
respiratory system.

[0069] The methods of developing models of the respiratory system described above

35 may be used to generate a model for simulating respiratory systems. In such a case, the
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pressure drop between airway tissue and the lymph and lymphatic permeability. The flow
of fiuid from the vascular plasma to airway tissue is responsive to the pressure drop
between the vascular and airway tissues and to vascular permeability. Vascular

35 permeability, in turn, is regulated by one or more of substance P, neurokinin A,
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[0087] FIG. 6 illustrates macrophage population dynamics in an exemplary embodiment
of the invention. The dynamics begin with monocyte hematopoiesis, which results in a
population of circulating inactive monocytes. The circulating monocytes are recruited to

the respiratory system, becoming tissue inactive macrophages. Within the respiratory
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granule release, affects total histamine, chymase and tryptase production.
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in circulation permitting adhesion to endothelial cells, Activation of 02
integrin, in combination with ICAM-1, also arrest eosinophils, thus
permitting adhesion of the eosinophils to endothelial cells. [00931 FIG. 15
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mediators’is regulated by one or moré of C3a, C5a, 1L-3, IL-5, |L-9, GM-CSF,

glucocorticosteroid, MCP-1, eotaxin, RANTES, MCP-3, MCP-4, MIP-1a and PAF, as
25 described in FIG. 18.
[0094] FIG. 17 illustrates basophil recruitment as a function of basophil tethering,
basophil extravasation, and basophil-endothelial cell adhesion. Basophil tethering is
responsive to E selectin and/or P selectin. Basophil extravasation is affected by at least
one of CSa, eotaxin, IL-8, MCP-1, MCP-3, MCP-4, MIP-1¢,, PGD2 and RANTES.
30 Activation of a4 integrin in combination with VCAM-1 arrest basophils in circulation
permittihg adhesion to endothelial cells. Activation of B2 integrin, in combination with
ICAM-1, also arrest basophils, thus permitting adhesion of the basophils to endothelial
cells. o
[0095] FIG. 18 illustrates neutrophil population dynamics. The dynamics begin with
35 neutrophil hematopoiesis, which results in a population of circulating inactive neutrophiis,
20



WO 2007/103817PCT/US2007111632211 which in turn may change state
to become active circulating neutrophils. Within the respiratory system
tissue, inactive neutrophils may change state to active neutrophils, and
wcgvg%%%gg active and inactive neutrophils can become apoptosed, o
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to the luminal fluid and clear the respiratory system. T cell recruitment is affected by one or
more of ICAM-1, VCAM-1, e-selectin, eotaxin, RANTES, MCP-1, MIP-1a, PGD2 and
PGEZ. T cell activation is regulated by at least one of IL-8, IL—4, IL-10, TNF-g, IL-1 and
TCR stimulation by antigen, ROS, IL-1 or TNF-a.. T cell apoptosis is regulated by various
3  cytokines as well as by autocrine factors. Cytokines regulating apoptosis include one or
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WO 2007/103817PCTMS2007/063220 more of PGE2, IL-10, TCR
stimulation, IL-10, TNF-a, IL-2, glucocorticosteroids, IFN-y, and FasL.
Autocrine apoptosis regulation is mediated by T cell recruitment and T cell
acté% %F// 03%ells contribute to the total production of at least one of IL-1,
P87 6, IL-8, IL-10, IL-13, TNF-a, GM-CSF, TGFE6TRR{(HES220

MIP-la, P c1 a escri in FIG. 22, Production of these
T e T B RS, sl GV d e OISO N anc
IL- Q‘faﬁéa1@%‘%&&*@RE@@E@mC‘%ﬁd‘@t@?(ﬁd@eq@t@&yﬁl@efQ@dﬂd@mwﬁwﬁ%@“
recsuitraent ascalifucweticueftd theldetbeingioh ek @dsevasation, ang T4, 1.-5,
ce"n.e@qet@%%c@'edl?ﬁﬁﬂapemeékteﬁesf NG ARHEIPNSIVE é#}e of

of VCAM- 1 E selectin, and P selectin. T cél ﬁtravai@tﬁlo\{n |t59a girpaSE as

onéj?ﬁcfg’ﬁf’df@: 5 etstakidtsen OMER Depieess PO IR repeated WF@GG or more
andf1BZ2-ARdgehist4Chrdulatity ahcellserpiess tebditegrin, which is

actjgeey hyM@@mMé% al&dﬂ%é:{ﬁ%ﬁ% DR.HYREN ﬂ%@i%t%@{&i\ﬁ%&ﬂ

by E?E%f}aséﬁi%’aaﬁk%nr% Qéﬁ%a VCAM-1 arrest

L e?sl{g)ﬁtlc}nc\’\mleth Igle} sponsive o one or
cells in circulation ermlttln a ESIOI’I to endothélial c [ AC{I gf)on Oft 2

intdBPiR h Comtbih |%53r’19€\§i?|’1 PR RAgrresEa exiiavesel WUI&E@WS@M’]@HP\@
1oadmesion B ioenddBklMCeeilsVIPCtivalienRANIERSIMagdnra Goxrbinatisn

With G TSR BEEsts aﬁ%ksgmuw&r@gmeg '&9%@2?0?1\%%%‘?&%%4 and

endathelial cells. [0099] This invention can include a single computer

mobre VRET S SHIEE '8 iRt ‘pﬁ%oéé@a}é\crtb%%\fé@ﬂrwg i e
inclVigdNy 'serest [Brgés st aiks daiinp atenithurieds ssoverdrey éothrdiaccedsn gictfation of

ph)éﬂ%%ﬁﬁlrﬁ&ﬂ@'ﬁ%dﬂ wedtiomia nedudingir medehaldhBeniting adheswn to
20res(f)|{ tory system, the s eﬁg gm.can include co Cpﬁ)lementary computer

mode XA SIe, e BieR i SlGaRAr e it thlicleRisgifrest T oot

S such as, for examp
pat?‘i’é@@ﬁr%?ﬁﬁ)@f&}eﬁfﬁd@ﬁ"qfoﬁﬁséolﬁnldefahliﬁi&%Scomputer models can

be tes@neThioranratynecanlaigeisursibgs ofmphiadinan thtiesaries. ibemse
Insgﬁn&@sﬁthﬁfsm%ryrtmq%ﬁteﬁw%mﬁg logreaieRlame &H@R?J R dels

valldated V|r ual atlents(%(gj to simulate their responses to alar

1 TR BB S LB IR AR A OF (R R Gdel o e

nufber of tharaRiss 95 5f
200pé?éiﬂiﬁ?f@rﬂ@ﬁ%e@%ﬁtﬁﬁ@%@@tiﬁ%@@?ﬂ@@iﬁ*@éﬂﬁfﬁleq’n@ﬁterdﬂnwigmbh as, for

eleetromie: CHigukiniologital computte neakiwane pRINdyEe SoRb BrdvWaER. For use in

inclydingthe é&ﬁ#&}@mseser&am@fdessﬁemmﬁ %%ﬂ%%%r%e& 8¥f§&%§g£%'and

eqL% valents hereof, or in co blnatlonso them. The invention can b

imp em Kted 58 B SFRTSFe c%ﬁ?ﬂq&ét P8GR B Batices éreafﬁ‘%’@rlge number
mofé %%%@Wb@%ﬁﬁs RGN IGEIRdRsPINSEA infolaTeatiombardherapies.
25€.g[0#00) makhinesreadableasigage daiiee sperai iy apagatrorsigoabetircation

eX%%HtB%ﬂr#afie%E%SWHB&&P&&%H%‘L%U% data py 8%%‘?'9&@9%&%‘%%@ or

e gha?‘d ro I‘%C dln ﬁéar%)coessor aacom§ er, or mu tlp ef comp uters. A

compUtEr progRY A& S TIFHA! BERT56PSRT, 'Eéﬂﬁ/%ﬁ%c's??ﬁ%?éd structural

apFicAtfs o eEseE)CEAnch® Ridtiens il Bxgy fore bivprograsmbnig eTgrriereas one

inclrdingecompiledmsgrierpretedssatangsagesatshibeanddsyeeniexembin

3oan3éﬁ%5'aie|@ﬂléwngoﬁ'ﬁaﬂo%tﬁgmé?l,(y.be, RIQMARRY @3 fble storage device or in a

propagated signal, for execution by, or to centro! the operation of, data processing
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35 languages, and it can be deployed in any form, including as a stand alone program or as a
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WO 2007/103817PCT/US2007/063220 module, component, subroutine,
or other unit suitable for use in a computing environment. A computer
program does not necessarily correspond to a file. A program can be
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35

dIS Iayln |nf to the us d a keyboard and’a 0|nt|n evice,
g m%use Sf aclrack%éﬁmﬁv %bﬁ@ﬁkﬁn%%ﬁi%aﬂ“ﬁ?w %@ﬁﬂ@f’ and

corﬁﬁ@t@@%%ﬁkm& %P%R@\?m@e‘,‘%ﬁ UCEREL mwmmmnmeron
witiheousestasinvaicbon exaseplegitesdbiagk provided to the user can be

anyjossn ot SERRANY A8 eIBACKsS W YISUR! the invention can be implemented on a
computer having a display device, e.g., a CRT (cathode ray tube) or LCD (liquid crystal
display) monitor, for displaying information to the user and a keyboard and a pointing
device, e.g., @ mouse or a trackball, by which the user can provide input to the computer.
Other kinds of devices can be used to provide for interaction with a user as well: for
example, feedback provided to the user can be any form of sensory feedback, e.g., visual
feedback, auditory feedback, or tactile feedback; and input from the user can be received

in any form, including acoustic, speech, or tactile input.
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35feedback, auditory feedback: or tactile feedback; and input from the
user can be received in any form, including acoustic, speech, or tactile
input. 23 WO 20417/103817PCT/US2007/063220 [0104] The invention

can be implemented in a computing system that includes a back end
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exwm'vqn Running the computer model produces a set of outputs for a biological system

25 represented by the computer model. The set of outputs represent one or more phenotypes
of the biological system, i.e., the simulated subject, and includes values or other indicia
associated with variables and parameters at a particular time and for a particular execution
scenario. For example, a phenotype is represented by values at a particular time. The
behavior of the variables is simulated by, for example, numerical or analytical integration of

30 one or more mathematical relations to produce values for the variables at various times
and hence the evolution of the phenotype over time
[0108] The computer executable software code numerically solves the mathematical
equations of the model(s) under various simulated experimental conditions. Furthermore,
the computer executable software code can facilitate visualization and manipulation of the

35 model equations and their associated parameters to simulate different patients subject to a
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scenario. For example, a phenotype is represented by values at a

particular time. The behavior of the variables is simulated by, for example,
numerical or analytical integration of one or more mathematical relations
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WO 2007/103817PCT/US20071063220 [0112] Alternatively, or in

conjunction, one or more virtual patients In the computer model can be

created based on an initial virtual patient using linked simulation

operations as, for example, disclosed in the following publication: "Method
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35 a biglagieaksysientieaninelpeeddarexassplieg existing ayuhy pothesizgsh or
therapeitic.agents SIRAIMERLEPAHMADS ang medical tests. Additional

examples of stimuli Sinclude exposurgdo existing or hypothesized disease
precursors. Further examples of stimuli include environmental changes
such as those relating to changes in level of exposure to an environmental
agent (e.g., an antigen), and changes in level of physical activity or
exercise. [0115] A virtual protocol, e.g., a virtual therapy, representing an
actual therapy can be ioapplied to a virtual patient in an attempt to predict
how a real-world equivalent of the virtual



patient would respond to the therapy. Virtual protocols that can be applied
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therapeutlc agents and treatment regimens, mere passage of time,
gggﬁ&ﬁp}/wonmental toxins, increased exercise and the like. B
app ying a virtual protocol to a virtual patient, a set of results Of 15
v balpraoRolsRA e pIgslueRsh WSRO DEn NG SluarnBrllnd
of a therapy. [0116] For certain applic tlon a V|rtua protocol can
cre R asF @Qﬁrﬁtﬁné' Wb%f?:ﬁﬂﬁbsﬁn?ﬁéﬁqﬂﬁﬁrt RS BHEe Froraimuli that oan be
mathelipdticabi@tsichsyiieu detlineen i ekaviviehssiséngromomthesized

maﬂl@ﬁﬁaﬂmﬁég&@l%&tﬁ%ﬁtﬁ@@l’fﬁ&%bﬁ@%@cﬁléﬁ%@io}@giﬁ@*a@@ﬁ%f stimuli
aff%ﬁgewo%g9@8&&9990&%%(@&93%8&oaésgsgg:eg.}%&' It r*?%ol%at. C%%S of

virtual protocol can define a modification t ati e Intro uce
dyr‘?ﬁ%‘f&éﬂﬁlu%rea“emﬁﬁ‘a%BH%%%F'H%@HB‘HS'W@H% BRRse Erieve! of
corfiffsHes éneliemeifferts ralstusiaitetowith hegeiTiual drotoged.if0AET pinhysical
ceriginiymplementations of the invention, the computer model is capable of

simpatipg m;nﬁsagxsa;a%'gnaov.ﬂu% uU% S%%Ctegua oL ﬁaaolye can be

group consistin 5long-acting Pragonist ero su

" forATHEOIT, BHATR ARG irﬂ" AGBRRS RadR! ngaﬂaiﬂ@rﬁwﬁlﬁéﬁ‘ﬂéﬁ%?m of the virtua
pirlpatersivesibigsiing, tothettante ryl)iuebpnisivatichatherapies ety asiological

ipratapiuahremiderdr slaHREO iRy biMenKMor-duglicasane dysaingterol
(Aqvaurrﬂg}ﬂ mgmmam@psa &gagg%f%agh%m"'r&% e SO TOR O e
(such as beclomethasone budesoni unisoli Iutlcasone
triafARiABTE) M6 Le 5%l%‘3§¥5¥%?d‘§%{%ﬁ°8§%|§%ﬁﬂ%t?ﬁ§6hé st of resuls of
15 prelipigoiahercippdl ceoisone, sps thiigrednisolotiestpeerinisone fffasasticell
stabizers (such as cromoiyn sodium or nedocromil sodium), leukotriene

moﬁqtpg}s (ggtc&%r@é {lém$ Z%@H prg) qngelgkase#adqgcholmerg %y defining

(SUCh as ipratropium bromid e ronc torsantl In ammatore

anti-IRAE! acﬁ%'?afﬁ”%ﬁ’hﬁ‘i?fﬁcfga WT?'&%%@W@@%@W@%&BW one or
antageriratiematiorAFatoms-ter5 camstcnBrand 85mbnivgcsysterssadifiersd by a

20 (SUEIh @SRBBSFABMNRRYCIMED WBAKENNREL SRR SQQQ@AO@%%%QI 124 18kA8 4
onmm@mqmqo Ge/%w@c%%ps&%anﬁagfn@% %@f%ﬂ% 'S?Sb %%e%eregf

described in F T receptor antagonists will result in decrease

CySEﬁeP&E@p% *ﬁﬁafﬂﬁ‘ %&ﬂ%lﬁ?%??@&éﬁ?&*%&&%‘?ﬁﬁ%ﬂémﬁﬁ*ﬁdﬁ“a' protocol.
sedfdfifl delpsrairyentsaiientTtroexithetivfadtonctisat@ystT@ee storpable of
bingitnganiy henegplatesttnn @ﬁ@@ié(@p‘élﬂ@'@&ﬁff é@l@dﬁ@@%@ﬁr@@f&k@cmsustmg of
v SR e e el e e S
of the“receptor a The simula t|on 5rthes era can a8 St
corl IR asrprt ﬁ@[pHQFﬁr&bcﬂE’ PHaECS E?F‘?H@'%ﬁp@%@%@@htc%lﬂ@@ﬁaf@@ples
for @©ysL3s rereépromahtargoinistslintéFhG CAGbB i@ by, filvgianedel+cammeterol
Simu muwar@w faawgamqw mﬁg%@;ﬁ@%@p%&%@%@éAJJH%@&%@f
ySLT r or antagonists n one implementatio
ef%a ¥ d%%%er ic reécgee toé é‘lﬁmAsﬁ dég%ur?ls elfp)t/nf’smsclm%?a?éoo £ cSlosteroids
3 JedBes ﬁ?ﬁ@eﬁS%ﬁr%faﬁf&OB% Mra@&rﬁ%@ arRiNIpGaRiy S RARIsone),
agomstsahaip e ad isinisteredrdiigctydorthe sdrivenprol staitihe, ieukotriene

gastaintestingh G hdrackaasonil, pa%&ﬁ@%%@%l&%ﬂ%@@@ e

evels o0 827 sonsl, ety ffectng he amoLto £ A
actiVity n-another implemientaton. giucocor |00|d§?e?8d 15HIR@myiARtDIotics,
rec@p}%@aﬁeagpfﬁsbtﬁ%mwwp@agtﬁwm@d arlichATrivédLif. RIE-Igdand

35 Vaihomsne system modifiers (such as omalizumab).
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monoclonal antibody therapies can be simulated as described in FIG. 30.
in yet another implementation, PDE4 inhibitor therapy is simulated as
described in FIGs 31-33. [0120] The computer models of the invention can
be ysed (9 ideptify one or more biomarkers. A biomarker can refer to
biological characterlstlc that can be evaluated to 20infer or prlé(& &Y

par[%%'lﬁr rt?n%HEr l‘:n%t’e'rqgﬁ?zﬂl%ﬁ (E)ygmai%(c rstcc):ran b@lsi%tdagyths s;mulated as

effectiveness, biological act|V|ty safety I’SI

BictRETRAR ‘Eafﬁ%%std@‘ﬁh?ef&%o&oéPéttaaP%Fésaté'*t@téftﬂ&?@aﬁsaé %& fgceptor
diffeirsiniaresiubiitté) Biemarkeisghatislifferentiatectegpeidesveersids The extent

nonfrespendarsynay-e suffigient '\f\/ﬂh%@s%gmfég Q?laf%&ﬁv@ﬁ%'i% &f the receptor
re%&mﬁ%ﬁgﬁ‘? &%@&‘yamgg%n%t%lr%% % né"r'a I’(}/ o] Onrgi}ar o?r E—l’ 5! u Emdmgd%the

identified to 25diagnose or categorize sub ects. ilizing

corttﬁﬁté?rma%%?fth@ﬁﬂaﬁﬁaﬂ* B el %‘ti“\?@yc‘b?ﬁtﬁlﬁat‘iﬁﬁ Blotrasisersion the
andmegitiitidedthadtbrmatitoadsjet s dymiptemisaays eratetesminadonists in

based.os FEMiand thenpsrsent &H@M%%‘%%W Hﬂqgrtherapeutlc
treggyﬁngé/\{m@@gte%gfgp ﬁqeecgg bq,at n 8;1 [%ttlgl !geg 2E\7contrlbutlons of

obstruction and constriction can guide a proprlate ierapy for the subject.

"0 Eu Pl b S PRAEIE BRI R osoRgERTifRsiieRs Toi FRestpi i Bapsesisbinseapy is
a ssibjeletdo & tharapyd [0 21 OB aspest §HIRI ay@mtgar@qgﬂ@r@gﬁg B,AR

idengifying magwmmtmsmw@atte@tt;yw%xswttngrtlg%@e%ﬁmm?s? L QNS act.

mvEC ntion absent a virtual protocol to produce a first set of res

exedting tHRVESHSTREP RIS BRI G ReSintae ﬁ?o%c?@lotb‘sﬁréﬁm%y
sectiedtisgttind aeswits pthmBaattigtthérfissb et of srsdisanith dheosetiond setoid or
150f ﬂ@%“ﬁn@%éﬁé@%ﬂ@é@ﬂﬂ@t MEURIANON RENYSRA INEOL MR t’-‘?éiage%arious

or parameters a }/hrtual WO g00'7/10 8 7PCT1%?§200710632 0

mono ona | (9. grapises can mUt
measurement INAicative ot a pre-Seiecied ik ci@ridticin vet another

PrferisplentRbce o Rttt 9‘&?’ A9ER) 'amtaﬁ%taﬁ@w {Byddnpr&setit-a3.only
ond0dthe first @ngedemibset of tt&snusm[aﬁzaﬂ HResulisoafiduie OrenDiRore

thg.@htma%ﬂmsm@@eah%@@t@r Q?Itélab&ér%u@ﬁt‘tt@t@ xa%%geé%ﬁ%md fo

ased on one or mor mﬁtgpdal détatls sts. Statistical tests that can

be Used t6 dg iy Correlation car? r|'r?c O EREIAHS IS NiRRRPPLYYEion
anﬁi/f%?ngﬁ%ﬁn@a%@%%h %ﬂt@tbg/s%saﬁ@ftaﬁﬁ elotibsaion Begnapers can be
acdoedtfiecetanitieat pactisuddesitdtistical testsedeoretationecefficientman Rers
det@ﬂ’ﬂmerﬁl&%G%b%@é@vﬁ%ﬂsbr%hd@gggﬁgemﬁgg &%&ﬁé@”ﬂt%@%ﬁgéﬁlo goal is

the cor gtlonecoefflm%nt fggs W|th|n a artlc Bi IcExam

corre atlon Costtientadnett ofei nes 'gt%u i(?éﬁ”&atfg‘?t?t%’tﬁe identified to
% as<HRMERSE Wlﬂ?tﬁﬁ@%‘eré‘ﬁ%iégélorPé??éﬂW?&ﬁﬂiZSﬁéb?mwﬂ%[ﬁROdei of the
Cornetation, tuefflelsrtcosiiastmoihtedtwithoraanki coreglationdastaidtzabAubject's
virteah patieitdn thegempdiesnedsl ean hey %%Bgt@éﬁtdowmélbt%}'{}tﬂ% ptoms

set ofdva ues rTforr]tth he@rametef\ S oft computer model Thus, virtual
patient A may incllide a Tt T5sSeaH 5}5&8&8}9\/&&%& SSRIRARRSI P ahekyction
B niay maﬁﬁtté@ %&@t&%@tw@mmé@w@r&ég shibiedliffevshier. soomarkers can be
wfashierifesnmtiherfitsttset af pasappeterovaluesedar instagse, the second set
of Q@t@ﬁﬁ'et@né@@&%ﬂt}ﬁ){éW&%rﬁéd%ﬁ%&é‘%e{?@ﬁ%‘%‘e&% 3/%%%%'@%%%8 by

from a corres ondln da{‘m%athrvalue included in the first set o

parameteryanee iy S|m|I3 R ARREHCDiRRER At ER R AsP R RSHERAdlst et
witTdaFHifg: %ﬁﬁftb‘éﬁﬁﬁt‘ét@f)\%‘tﬁru‘é%dﬁﬁéﬁ%ﬁﬁ@fsf%wﬂsdmtfashmn’mmeecond
firssand st dsepaipanametestvatdesis with the second set of results; and

35 identifying a correlation between one or more variables or parameters and a virtual
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[0124] A biological process that modulates biological response to the
therapy can be associated with a knowledge gap or uncertainty, and
various virtual patients of the computer model can be defined to represent

different plausible hypotheses or resolutions of the knowledge gap. B
way §f2é)§élr%3r§llé/, biological processes associated with airway?%gﬁ'?&%&/ /63220

muscle (ASM), coptraction can be identified as playing a role in modulating
Do e TR O R s S O R ) o FIERE ot
thatPHBERMAGTY e anster siavetanseffateenmiASm i ontrattieriirshe second set of

relativeteffects of the different types of inflammatory mediators on ASM

conraeijonasielrasRaselingironcratations.f tediffersnt fupes of

inflammatory mediators may not be well understood. For sucha
B0 R ) S &L TP e ROAF P PGP Gae e st
subjEt@nRgirRs ditdientreeipiot spertrdtions DRMBlenintatopgression analysis,
mediatoesy Kyowtdgegeps eanrbecidentifiec and expleeaasdascsibgdcular

in coaRaRdINGEQHRABh YosARRICRUR NG AN 18281 BRIHED  be identified
"HytPOtheS'S genS't'V't}fuaAt‘?h%%%'rsél MC S %il" I; WHAT IS CLAIMED IS: 1.

A rhatiod toF eveloping a mo &l0PA FREEb I & yatun R SRE THERTATSE:

s i FRBIRSPEERTBREMGOSIERE IR 17 enecsrrasr e ilotsyitispproerised
assosiatetdvitith dhsiruetiessohthearespiial GpesieteRavhese e enghoknt, rs,
MOoKe PRI GAHHRRESTEs Assesiated with obstruction of respiratory
S is a biological process associated with edema or a hiological
R e e T e A
protile’elribsderataei st fsrismetitsn BeaET 10seypieitoresystaray include a first

1smatieohaticathtaepiess @ﬁqgie@mmzbia_lmgiq&lypﬁamé% egaiaasaler paRMEter
moyg haRmiGHERTRIBARRS Of a-Diclogicalipsess ass oGt E Wit ance. the

obstruction ffthe respiratory system and one or more representations of a
biolog ﬁ:né%) BroLESL RS CTANES RN BRI SRR rRTIPAEIY ey Ersig from a
anFISEBRIGIRRF RS epYaseftatiers pisidiseaProcassesvaifsrin g similar
modehoéthétrespitatoy systenassdcibive methadroketaimatafyiitiues that differs

20COMPEERGashion HSRTHEIRG ANELEINOLEINggicRlprGgsSes associated

ith bi i remodeling of the respiratory system;
el RGP AA e GhcTe T GRS CEPREb Bty con b
bioATEEAARIE Y FenfBaERAge8g < SReRS TBIRY. GnfGeors pidse melitotsobing
biolagipateproces sassodedited withphieanedifaricalisesnndBliftgheses or resolutions
of the knowledge gap. By way of example, biological processes associated with airway
25 smooth muscle (ASM) contraction can be identified as playing a role in modulating
biological response to a therapy for asthma. While it may be understood that inflammatory
mediators have an effect on ASM contraction, the relative effects of the different types of
inflammatory mediators on ASM contraction as well as baseline concentrations of the
different types of inflammatory mediators may not be well understood. For such a
30 scenario, various virtual patients can be defined to represent human subjects having
different baseline concentrations of inflammatory mediators. Knowledge gaps can be
identified and explored as described in co-pending Provisional U.S. Application No.
60/691,809 , entitled "Hypothesis Sensitivity Analysis.”
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253.The method of claim 2, wherein the biological process associated with
biomechanical remodeling of the respiratory system is a biological process
associated with tissue hyperplasia, a biological process associated with
airway compliance or a biological process associated with tissue MCSLLP
compliance. 30 MC S I.. L P 4.The method of claim 1, wherein the
RiplpQiEaknracepsragpgsiated with edema is responsive to at least one of
epithelial denuding, vascular permeability, and an inflammatory mediator.
55.The method of claim I, wherein the biological process associated with
Mucus aeekation i5:"eSRIGSINE dridaasit PReRfRRIhSlial deutiRghmal, said
vascular permeability, mucus secretion, and an inflammatory mediator.

SRR OB dable medium selected from the group consisting of a
senideHicondustobManenislerics) Ho QR SRR JaUICSH A REBAHGhe
storage device, a magneto optical disk, a CD-ROM disk and a DVD-ROM
disk, sauf‘??é’?ﬁ?fﬁf@rs?’ég?&éb fhedi (H%?V‘?ﬁﬁn&'iﬁ%ﬁﬂ pifahgrnesses associated

instructionsbisteguidiieon il apaNsexeaULoN Y] S ICRIFRES CRLSAMRE with
mmal, and further

processor o simul spiratory system of am

wherein t%%m%%ﬁdﬂ% [?rr %‘é‘ggiééﬁoﬂgﬁ%mléﬁé’éﬂﬁ%presenting one

or maeatifidlagnal precasddslagratiniact wihashsdimetion of dbastESHIARISMhe
system of the mamma(k wherein at least one representation varies in
response FeEPEHEPHTSR ai'E’aI processes, and wherein the one or more

biolagidalmadcelipespassaciagachilithiclbgicaciarafsrespiraiany systenmsra
biologica ?rocess assom ted WI'[ i’na or a blologlcal roc
Amat

20associated With T resen fi! RIS SSEARIY gf‘?é? SR gstruction of

W ucus
biologicaﬂmmﬁmerassfsmmmd/\nm ou)mbrmttcpmséﬂﬂz&mesmtfaet%xblsgﬁehprocess
of the mammal tg& {ho S?mf%to%fo tgl%natlcal relat ons T}ﬁ between

the representa ions 0 oglca processes o"}orr% ¥ mé?ﬁe the
respirabiyisgsteme@seifdtensoithitdograbiploecmediofooh caimde] of the

wherein t&%pn Bllj_}gté% erfry.rther

2. The method of claim 1, further comprising:
identifying one or more biological processes associated with biomechanical
remodeling of the respiratory system;
mathematically representing each biological process associated with biomechanical
remodeling to generate one or more representations of a biological process

associated with biomechanical remodeling.

3. The method of claim 2, wherein the biological process associated with
biomechanical remodeling of the respiratory system is a biological process associated
with tissue hyperplasia, a biological process associated with airway compliance or a

biological process associated with tissue compliance.
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comprise mathematically representing one or more biological processes
associated with biomechanical remodeling of the respiratory systemM o
MCSLLP R.The computer-readable medium of claim 6, wherein the CSLLP
instructions further comprise accepting user input specifying one or more
parameters associated with one or more of the mathematical

represeryglindaoa dig M RHaEreataniaIBedi Y el &'aln, SV A& i e dema is

the instructions further comprise accepting user |g[)ut specifying one or
FSPaRFAYRaINES s s ebeRithelAbds e SheRel s aeiaerhibdy, and an

iapEeseRtatioRedikdr The computer-readable medium of claim 6, wherein
the instructions further 10comprise applying a virtual protocol to the model
of the respiratory system. 11. The computer-readable medium of claim

30, whergimtb@ odrfall SiatoCohe e sMsod e BPRIHISI 8GN AR Awith mucus
diagnostic procedure, pas%age of time, exposure to environmental toxins,

SFPRYSREH SRROBRES 1620 595 R0C AU R A5ABH RHHIBE Resms LY,

wihesigethetinstanctionmiitheneempeaadefining one or more virtual
patients. 13. A method of simulating a respiratory system of a mammal,
said method 20comprising executing a computer model of a respiratory

$ystem/acoarpling-iealabie teddnd bdotiethbshotigdairolscdusibeig of a semi-

comprising applying a virtual protocol to the computer model to generate a
P el e S K618 BT U Bt

seto 0u¥pu S representing a
Tirgmethpdol diaknaldDvteMdiditheuvdrtUBMIDORIOM dixkisés@mputer-readable

e e A R R D O e Ot B by

C

environmen toxins, or p yS|caI exercise.

whemsivthepaho e seprascrisudadti seaspidastayesy skénT hé ameihodabfand

SR L3 LIS, CoMpg acoeRiing user input specifying one or more

parameters or variable associated with one or more mathematical

reprsentdtionstisAbly temreatimgdheconmpeteolngidel processes associated with
obstruction of the respiratory system of the mammal, wherein at least one
representation varies in response to other biological processes, and wherein the
one or more biological processes associated with obstruction of respiratory
system is a biological process associated with edema or a biological process
associated with mucus;

b) mathematically representing one or more biological processes associated with

constriction of the respiratory system of the mammal;

¢) defining a set of mathematical relationships between the representations of

biological processes to form a model of the respiratory system.
7. The computer-readable medium of claim 6, wherein the instructions further

comprise mathematically representing one or more biological processes associated with

biomechanical remodeling of the respiratory system.
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518.The method of claim 17, wherein the user input comprises a definition

of a virtual patient. 19.A system, comprising: a) a processor including
computer-readable instructions stored thereon that, upon 10executiorays | |p
a processor, cause the processor to simulate a respiratory system of a
mammal, the computer readable instructions comprising: i) mathematically

Bepresaming Apater-FRISHRAIRIGHh RIBGSSS S ABsegiRtad Wb QRSHYSHON.,

of the respiratory system of the mammal, wherein the one or more

BRMBGRAN RS HEch Sap ARG VIR SISt Al CiBFe TaFre st RyseBiRyedenith one or

Badirlogiealpracass PRSICRIRSWHY edema or a biological process
associated with mucus; mathematically representing one or more

biological processes associated with constriction of the respiratory system

of the mMaeBAbuter-rélfibloGRESHObMAheBIaN 6l RO NRHISHAWERRer

the representations of 20biological processes associated with obstruction

TR SETRURB S Br BRAGTIESH pHae a8 5 Mes iatied fnseesiaigikttivih one or

npappfiyhegratistiali pibtesRistathierget of mathematical relationships to
generate a set of outputs; b) a first user terminal, the first user terminal

operable to receive a user input 25specifying one or more parameters

a@.socianwcwﬂpmamameremm%@mﬁm&ﬁﬁemaﬁmqﬁﬁfﬂ%ﬁ@&wmﬁgr
computer readable instr CtiOI’]S; na Cc) a second user terminal, the secon
CRBPTES PRl 8’&?&6@?@ BR%R%DE &SRt e i RIsiRBY HisB.

11.  The computer-readable medium of claim 10, wherein the virtual protocol
represents a therapeutic regimen, a diagnostic procedure, passage of time, exposure to

environmental toxins, or physical exercise.

12. The computer-readable medium of claim 6, wherein the instructions further

comprise defining one or more virtual patients.

13. A method of simulating a respiratory system of a mammal, said method

comprising executing a computer model of a respiratory system according to claim 6.
14 The method of claim 13, further comprising applying a virtual protocol to the
computer model to generate a set of outputs representing a phenotype of the biological
system.

15. The method of claim 14, wherein the virtual protocol comprises a therapeutic
regimen, a diagnostic procedure, passage of time, exposure to environmental toxins, or

physical exercise.

16. The method of claim14, wherein the phenotype represents a diseased state.
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17. The method of claim 13, 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.

18.  The method of claim 17, wherein the user input comprises a definition of a

virtual patient.

19. A system, comprising:

a) aprocessor including computer-readable instructions stored thereon that, upon
execution by a processor, cause the processor to simulate a respiratory system of
a mammal, the computer readable instructions comprising:

1) mathematically representing one or more biological processes associated
with obstruction of the respiratory system of the mammal, wherein the one
or more biological processes associated with obstruction of respiratory
system is a biological process associated with edema or a biological
process associated with mucus;

i1) mathematically representing one or more biological processes associated
with constriction of the respiratory system of the mammal;

iit) defining a set of mathematical relationships between the representations of
biological processes associated with obstruction and representations of
biological processes associated with constriction;

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

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

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

outputs to a second user.
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