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APPARATUS AND METHOD FOR COVPUTER MODELI NG RESPI RATORY
DI SEASE |. CROSS- REFERENCE TO RELATED APPLI CATI ONS

WO ®01938Thi s application clains the benefit of PQI/BS2007/063220
provi sional patent application no. 60/779,240, filed 3

AP S BHERETOR DR CONPITER Mg

[ 0002] The pr esentRErS/me BISEASES! ally to the
[

field of sinmulating mamral i an resplratory systens. B.
Background of the Invention [0003] In 2003 it was
estimated that 20 mllion Anericans currently have
aBROSS-REFERENCE MG RELATEBNARBLICATI@NS24. 5 m | i on

t ays | adt nual. direc
l°dc°§f T torliBn i e i PO e By sighd Fotent Eplegion no.
60i7mdi2decftlecc® dtasch 200, incogorgaedHeretn bwi refereranddn dsehtirety.
$4.6 billion, for a total of $16.1 billion dollars.
i cannot be cured, it can be nanaged
Il \ﬁg‘ﬁl'é‘?’ﬁé @ taki ng prescri bed nedi ci nes t hat open the
lung airways and treat inflammtion. Two cl asses of
medifc Kieldef thalevemtion used to treat asthma - ant i

[Od&?j mrrége}ﬁt 9&%@ r@ig%s%ﬁgr%pyzgit%?ﬁighgﬁ \%rpuéat né;nr?am?nallan

redpirgtoch$ystemsf | anmat i on and have a preventive action.
They may also nodify or termnate ongoing inflanmmatory

reag! | ®kdrOud Sff'HerI Stion! N€S€ agents incl ude
corti cost eroi ds, yn SOdI um and ot her

(00031 i 10 A90%ihwas @styn@t@ﬁﬁtﬁh RAsillian ﬁmﬁn@amrr@htly have asthma and
ac&f‘u@ied’ fgi é@%ﬁ%&'ﬁgﬁlﬁlgﬁ 'Ic%'f‘ﬁ/ fer wﬁéddlt@ﬂﬁ%b{:ﬁrﬁ{%?dlrect health
canerr@sb@tasmnnqnsappthmtelal% 1 édrﬂll@rd Imctr@r&b@qsi%(u@c&s lash aitodactenty) add
orbAPLYE R, B A R R B S kg .
carf be menaged aﬁ?rter@lhfftydtakm@ ptqsemtaqﬁ reedigipes thagapemige lung airways and
treéﬁﬁﬂnﬁ@g%ﬂ ﬁ/%’ eas o? I%’r#%% b%@ﬂ'ﬂlgéd R)rt?esa?ggllh%a anti-

treat or at no th eraples are
inflaranateryiagents and @f@%bdl@mrs v antiindlacenaior dmgsshf@rrupti thant

de%(%pfmém%? Bl on hlgﬂnﬁgrﬁrﬁgﬁ&r anw&eiéprg%tigngégti&{ TRLY FBPLROo

I cting e respiratory tract, _ ,
magy of @umrateyortg@élgl infiRraaiant leectiana dn Bieraivpys. ihese adentg include

cor‘ii@éﬁﬁlér!'oﬁn% Er}{)n%'lyfnfs'oﬁfﬂlln{ 'aﬁﬁ otﬁﬁhmlgmﬁfgf&rp%%ﬁg%ﬁds?hir%ﬂf class of
l'ung in ion and all'ergies, depletion or
ant'rrjqﬂegmﬂt@’mnmd@moemkﬁcum %mlpukcém@e veditereawhich werkenjagdifferent

waf®y'b ckﬁ '?I?é?gctfvﬁy of r%ﬂﬂm&aﬁleﬁr@}kon%“@s PP Ry h\ﬂﬂ\yédqn alrway
IEyl o P

peutlc app I cati ons, require ow anount
mﬂ@fnnmirpn\hé%nge@ﬁﬂtﬁ/ CORtg @Wh‘mﬂ@@e‘t hem both | ess costly

[oo‘bﬁf' HesR Q4QD8 well o%ﬁrt%(i tf@ n&eﬁ&n@%ﬁ&%éth@r é)%mfré!atmg

the I'nvention e aspect o the I nvent
resfprr@l@rw@tyj e Bioents Hrat ganngt @KﬁSﬁgtlyabemgq@pd ¥ afleast for which no

therS5ed 5I%_ta‘?l'éh'ab?é/§1ta?gFecgﬁe i\PIARdevoREf 4 %g'ﬁﬁl%gﬂ%etrimental side effects.
conpri si ng: ntifying one or

This is the case of ailments afflicting the resplratory 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

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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bi ol ogi cal processes associated with obstruction of

the respiratory system (b) identifying one or nore
Whr@rogstal processes associ ated with constri ce€DISIN7/063220

the respiratory system (c) nmathematically

repbesgu%h{& gAfH IRLGhEH cal process to generate one

or nore 9¥nc representations of a biol ogical
[0995bcé731§ @@g@tc,qf éheeldetlph pohadasaetheds fof devedoningsd modenfya
r S l-0gi
o O P, i R R IO (o et G o oF fore
blqmml PrRCcesses Hpseaigted aitdl opstyuciomndl thiemesrirgtory system; (b) identifying
on, BRTERENBRIAMNToRsst: 81 DR wibf QERERSEN btk PidPidion system: (0
magferzaticalypieptasenincssash dinlogical peepeptitaegengirie ong pr mee dynamic
reﬂr@s%@l‘te{ti%hggf/ a Bl’!éﬁ;gﬁ%\ pfgegssbés%bagﬂee NithAIRFESRADF the respiratory
assocl ate struction o respi r at ory sys em
systeypland enepnmosg eepresentations elge bielogisabprogessasspeiaied y4lbs
cofstiQioh & r\%ﬂ ltétcgr_g @gﬁet‘?\ngn(p oglc%bﬁﬁﬁ\l tRé Répgrésthations of biological
assocl ate BI ol ogi cal ocess associ at ed
progesgesde &re %m@db@frﬂeﬁsr@én@atv@f sw&teepquerfenabbnth@lmmai ¢fep respiratory
syéfé’rﬁ‘?éjg QBmPGtrePﬁ%Gbll dftiYe reRPi4tOYy ¢ g%h\aﬂcﬂ@%wé’glﬁ Bb%&%% -associated
BI ol 0gl ca rocesses assocCl a micus secretion
with @hsuﬂectlp@9btﬂssiraﬁ@ryt&ys@m inplafe.dlut geemadiimged toa Hlpgigal processes

asf Ith b& H% o?;?c%T BlobSkes %Q%&Jted fRfth m OB%Ioglcal
| at ors. certain |rrp enentations o
prqcm%msogwte @Brfbﬁ regeorsivspioregithelizbdenudisig, ¥ascular

pelrn'?esa(E)'llf‘t)?1 EH% ﬁﬁ’lﬁr’hgﬁtér?o diRftorSs OBRII bR Fc%@?éésféébs&gat@lﬁwth mucus

moré bi of ogl C cesses assocl a
SleBmfe%qﬁ'abﬁ r@aponsewd@@plthﬁjlawewﬁ@gr exysHieapemeablibt awcus secretion,
an@BHinBLREIRY heRldiys ! epresenting each bi ol ogi cal

m(g)@ocess assocl ated with bi onechani cal renodeling to

heﬂ%@@%@mm%ﬁ@%éﬁmﬁs@mrﬁwothg nesithegd fior ee\siering @ model of

a rgéﬁ?r‘é?&? s?s?érﬁ Gl @oerFlébs% ﬁrj mbRREiEA %roc-ggges
I cal process assocCl a onmechani cal
asg yvith Biogtechanical eepedeling pi/thgygmrmcthﬁysé@ﬂaand mathematically

reﬂ?é%nﬂgé 63¢h paegeéﬁpraée%e%'s%&&lewtn denﬁa%HQmBé(lFP@ﬁmB{jéﬁ o

| ol 0gIl ca ocess associated wth alrway conpli ance
gerrale eI GeRre a¢pr9$%@@@s 2563 biglogicaipgoess assegigted with
biohERL B4 ‘F@mo&&iﬂ@nl'hg? ol(ﬁﬂ%tl BRIcesS A& LRl \Mheolbrﬂga{gn'ic%n

provi des conputer no a respiratory system of

rerpegdaiag of;tljlﬁ—[gﬁpgrah@y §yﬁéer@ ,cambp@ higlegieahgrecesp associated Wlth tissue
hyﬁ&?l%?%egb%ﬁdg%ﬁpt%ﬁeé RisBLiIdRL G ARGRSMpRSRRrat tﬁgoglcal process
bstruction of the respiratory syst em one

assastatethyitih BeraeicorIpliangsr esent at i ons of a bi ol ogi cal

[00079 C 858 2aASROCREEDh Wid |hvé‘r9|6ﬁtp‘?é\ﬁdés%nﬁ;utér%dels of a respiratory
respiratory systeny and a set mat hemat i ca

SyStemaf P ERRTANBLCATRTAEEPNEIRE M5y rogaERbRBregentations of a biological

pr&b@é Q&oﬁi%lteﬁlﬂpmétldnoofftﬁé @sbﬁ&of?%g@iem ORE PR Mathematical

he conputer nodel can also conpri oné or

BRI Skl bioigicapiepess aRacigRda® conslgrtéan of gherespisatory

syR& 05 P4 &t dﬁ"nﬁaﬁh&hé’d@?ﬁ%@dﬁbﬁﬁl lﬁémg&# {HaGefe ?érhﬁtlons of biological
respiratory system er aspect o

pracageasttp Smpthevnagies @@tmatlserthe @%@tﬁereﬂﬁﬁlcan Rs@icAEPrise one or

ma@%k@freb%@gﬁg{l(ﬁls' d?%tﬂléisﬁlb&'iﬁo&rsg %\@Q)cﬁah‘@dr FRN blohRkhanical
upon executl on by a procesSsor, causethe processor to

rersognling obthg r?%é@t%ﬁ!ﬁ*@msyst em of a mammal, and further

[00W3F " RnBtHeR §spdes bi tHS'iri\/@HﬁorP&rBﬁHé§€om;§Lﬁ%r %H%Médﬁé\)}’ng

representing one or nore biological processes
computer-readable instructions stored thereon that, upon execution by a processor, cause

2
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associ ated with obstruction of the respiratory system
of the mammal, wherein at | east one representation
Wa 2007863811 response to ot her bi ol ogi cal procesBEEPSI00)/063220
mat henatical Iy representing one or nore biol ogical
thdprBE&sEBrRD s"ﬁﬁﬁlgf‘e' @Fe%glréﬂ’b%@ygféﬂ'%fr d ﬁl%h%l od‘ndtfﬂt@ner Whereln the
respiratory system of d (’c) defining
ins§aetions Cﬁﬁ‘PﬁW@)i raaﬂhem@tl@allymmqﬁm@@ﬂmémwm@ologlcal processes
o B B A B T Mk Bin o foast one
represantation yerey I|n§@snm§ﬁ éh@thferctaplpglcaum@@ém i(Blgnathematically
redi‘é’é'e(?ltlF"’?JT;1 8ho8} ﬁ:l%}e Hﬂ!')leglﬁélsd?écéﬁéﬁgés%ki%gadv\mmconstrlctlon of the
bi onechani cal renod e respiratory system .
rewra@rm/cst%p&themammalaam ta) dafiningha Sﬁh@‘tmﬁb‘#mé | relationships
befwdlch M rpAbcRRITBRY SDHIAEGERDIOSs fbr‘ﬂPé'Fno%l%P&r'tﬁé/ Pe%%uratory
one or nore paraneters or variabl es associ ated
sysiera. dihe irstrgciianstage furthien @ﬁ@pfl%@aﬂnat’r@meé@@hytrgmrewmlng|one or more
blowéa@b%céé%%%%ﬁééj MR bRJméch@mbéW@rﬂBH&ﬂg JF iR resplratory system.
Instructions may also conprise applying a virt
Altgingtivsdp or inpaddifionpihgdnstigictiensdu ey siap &P@\WS%%@@MQ user input
sp%@ﬂ?loﬂﬁ%r Worr% B&ani&as %F%r%b'lé%calsggﬁateg With %rng dRore of the
erapeuti c reginmens, diagnostic
mqmem@@ak@@resya@gg@@e I@peﬁalnﬁnplemga@m@ efdhemvenrtionnidgtiagtructions
e A O b S P
EX@mélaEMV'ﬁﬁﬁ" @WIP@Q‘%@P'UﬂatbUéﬁfesnOt[“Utﬂ@Q}O A@ﬁ@l@%’é‘éﬂ egimepp gliagnostic
prdcBY&RE] é)d%s@éé)éﬂ* t?r?ef eQ&Sé“u%jﬁ) é?'fVlréhrﬁHrHt%F folfls aar{depﬁw%lﬁéte‘%é%lse In
%St em of sal d nmet hod conprising executi ng
ang ﬁ'b'mpéﬁm%@i@ln @B'@Stﬁ@B‘?ﬂSr(ﬁndWU%%/@@f@mg et A deie frtual patlents
[0(33)‘9]'ru |P@1tdsﬁgct5bf Er?eslﬁilérﬁlbﬁ erov‘?dé%trﬁé'ﬂw&?snoffs%@IQﬁﬁg &FHEBfr’at%%/ system of
ap ng a virtual protocol to the conputer nodel
a '@%ﬂ@ﬁbﬁ@d@@@@d @ﬁm@!ﬁm@CHW%g@ﬁWtﬁwadfﬁiWéﬁdi‘#%?ﬂf@t%y system.
Mettrnﬁjsk?if @inﬁﬂ’étﬁ'@la RYSIFRSY s Q@m%‘ﬁ"f@ﬁﬂé?%o%ﬂsé ERIGRG Alvirfual protocol
normal state or a di sease state. In certain
to thewoaweter a1qdshie, genpterd spiof LUINWS 19ereserling :ehengdype of the
bioRRFEPEYSMIN UFRE phEW peSRFC PJpYésféQt QREmYM| stHRE 6r PaisBaRIEste. In
or varlables associated wth one or nore mathemati cal
certaip frarlemeaigfionss thermethodfusthecean ingudsacceppaibear inaydepecifying
onEB?&%F@&Aere%é@oN@a%b!e@ R0 FREPHIS SR Br BFd MalneRAtigd a
virtual patient or a definition of a virtual protocol.
rer{rmmtlovépn@m@temutlag ﬁ“éb‘fonﬂﬁu'f?rﬁémﬂ%v Braferahly piheisaeis put

coﬁ}éﬁéé:‘s@d émm% 'o$ b REtuaPYatRnPEIOS §SHRIon 7 %lvHH:UaT‘ Brotocol.
nput er -r eadabl e i nstructions stored thereon that,

[0Q1|9bn Yek apetberaasrpgt o thsr iprendiop providassysiens qormeisisg 6@) @ grocessor
incRidfAY @nfoulerl85® b'i@l%@trrl}'ctl%b@ s heoNRMETR) pon(é%)acﬁlofn' !
user termnal, the first user termnal operable to .
procesEIrv@uge J&e@mp@ﬁﬁet tosghaelpteyq Fﬂjptﬁ@iQWO‘-WSWm of papawmaldpya first
us@SeRGhAL B it LBeBEIAAI dHéFé%lérﬁ)trQEém; b ©&r input sgemfylng one or more
representations defined by the conputer reada
paiaaterg @ssenried Witk ope pr mosemaiemMadesl rerrepgemiationsdglined by the
coPBGRPREHERE ifBUBHdR! aRPE) 8REEoCuder R, e s&Bhd @&er terminal
out ‘Oﬁ?Ut s to a second user. The instruction conprise (i)
operapledARfqVidsl thg selegfoatuiy 'iOr?gS%‘ﬁéd gperprdihe insticke) eamprise (i)
ma@rﬁé?ﬁﬁ%%ﬁﬁre%?e%@ﬁﬁr@(ﬁ% Wrﬁ&e%ﬁ%@é’&bf&@sﬁs atsggclated with obstruction
respiratory system of 7 (i1) mathematically
of thepesdriatry pyptemef Be fﬁ@f‘@abl (dj) @gth@matlﬁlwde@@é@ntmg one or more
o&fi;%%t br%*c@&e‘é"a"s@o&éw&wth %BthPcthw of (e r%@&ﬂdtcgrﬁfs%%m%ﬁﬂeer%mmal

he mammal ; (1i1) defining a set of nathemati cal
(iify qgfiging Arssh pb@at!s@mﬁ@@ai r@'ﬁ@)ﬂsét?ﬁ@Qme@tth@@r@?entatlons of biological
bi ol ogi cal processes associ dted with obstruction and
representations of biological processes
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associated with constriction; and (iv) applying a
virtual protocol to the set of mathemati cal

WO 200at1038mshi ps to generate a set of outputs. [POWU33001/063220
wi Il be appreciated by one of skill in the art that

pr&c@@sés'ﬁ%@@é@t@& lith %§tr§(glmﬁlj % e?é?‘@é/t%ng@f'ble%g}é%t?@'ocesses

toget er 1n any suit le co nation t

assqgpitedhwith aensyiiomanddivp perl¥ing arVé’étlad eptegenipdhefet af meathematical
relStHBhibER) e L QR8s &ltsutgonsi dered to be part of the
resent 1nvention. Il1. BRI EF DESCRI PTI ON OF THE

[003RhwWingisbe @oRrEpiamRs twene.af siill ot thetpst thet the deplamettations
suﬂ%‘éﬁ%%ﬂ?%&ﬂgt 2 F?'Hél nﬂé:ei !G?%etlbéTtﬂér ih I’éﬁ&%ﬁlﬁﬂlé’ &Sr@@?‘atﬁ%&& SBhérdte
Imr@lemgnt@m nat exprigfsly yeaed ahO\@@ﬁihafr%C plemgntatipes are
coﬁs‘?&&é? & 1 YarB¥the PreskAOAGntibh G 3 illustrates an

exenpl ary Sunmmary Diagram that |inks nodules for

way obstruction rway constriction and ot her
. r%'R'&FyelaE%%lPoTéﬁ)H@FEHE WINGB0015] FIG 4 provides

[0(AR] ©2@Repid 5 tﬂ@‘?ﬁeﬂ%o%gfs@mté Yo @rhiillertR6dels of the respiratory
contributions of edemm, mucus and airway snooth mruscle

sygtompillugrrded infii@efi on as neasured by FEVL . [0016]
[Od:lbf‘ PGPS provides aafb el ymiRhRestandx@BpB model of the

ustrating popul ation dynam cs and medi ator
respirai@ncEYsii-of epithel i um and sensory nerves. [0017]

[Od‘_I|4 FRG S MUdtERSs é&ﬂe%ﬁ%@r’y%&mﬁ&r&@égraﬂa%tﬁﬂks modules for airway
ustrati ng macropha popul ati on dynam cs. [0018]

obﬂrtatlorr ginvay Sppsifigdion aa .om%rrelatesdam%ai PFRFER®RS: ophages.
[0d1%?1$f]c3 H Govilied 5%&%@@5@@@ PR R nﬁ%fr@tmg tlale @&wtamt.ons of

ustrating regul ati on ‘of nonocyt e/ macr opha
edw@f@vwnd@ww&mﬂotwﬁﬁcle fopgpnany @inajop ﬁém%’é%reél’?y FEV1.

08 I @ & pish laes bin Bka@pRAY Effdcd Dhdgdrh M@ bilation d d
[ pogul ati 0?1 dynamncs FO 21] FI Ggaélo |ISI uﬁgr%?esa 'on dynamics an

megdiaierarefucipp alerithgliimp pndastsopengyes.[ 0022] FIG 11
[0CA7PVIFIESe %v@lé@ﬁ'ﬁ'eﬂér)ﬁf)lﬁw Erfdct Dla@@érﬁmu‘sirét#@trﬁ%rbﬂgage population

regul ati on of mast ce extravasati on/recruitnent
dynaymos] FI G 12 provides an exenpl ary Effect Di agram

[001|8£U$"|Gaf I10§trRES RGN |prd?fﬁ@ﬁ6rﬁl§y macr@w@gpscs [0024]
| ustrates nedi at or rOdUCtIO

[00I9E; FGHS P@v'dp@ezeremplqy Bffech rmﬁ'uaﬁatéwéﬁgwaw of

moﬁ%ﬁﬁéﬁna@k%b%kﬂé%%&ﬁ@?ﬁe@@|tfn%8ﬂ| ation of eosinophil
extravasation/recruitnment. [0026] FI G 15 provides an

[0020% bl @r Y Piovides en B ey PaRt Fffgch Siadgam Hb‘ﬂﬁ%@ﬁ'ﬂ??t cell population
dymgg ation dynam cs.[0027] FIG 16 illustrates

i at or production by basophils
[0021] FIG. 10 illustrates mediafor production by mast cells.

[0022] FIG. 11 provides an exemplary Effect Diagram illustrating regulation of mast cell
extravasation/recruitment.

[0023] FIG. 12 provides an exemplary Effect Diagram illustrating eosinophil population
dynamics.

[0024] FIG. 13 illustrates mediator production by eosinophils.

[0025] FIG. 14 provides an exemplary Effect Diagram illustrating regulation of eosinophil
extravasation/recruitment.

[0026] FIG. 15 provides an exemplary Effect Diagram illustrating basophil population

dynamics.
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[0028] FIG 17 provides an exenplary Effect D agram
illustrating regulation of basophil
w@a0raessat i on/ recruitment. [0029] FIG 18 pr oRCTES208T1063220
exenplary Effect Diagramillustrating neutrophil
[062‘??“'!3%' A116842dE rﬁédlal[opgl%ghctﬁnqby t;a%otyll\ ilsustrat es
di at or production by neutrophi'ls. [0031] FIG 20 .
[0(}3l8bqud;<é<~:1 aprogigespn grgmippfydeitecoPiggramliusirafingregylaipn of basophil
exﬁ%gg@gdﬂ%gmﬁ&eﬂ{eut rophil extravasation/recruitnent.
&oosé:]ﬁ 1 provides an exenplary Effect Diagram
[0029] y Gat& rar@vmfe%ém exgoplatytifesh Diggraamllgstratipgoggiroghilgopulation
dy,?,agm gl ustrates medi ator production by T cells. [0034]
FI G 23 provides an exenplary Effect D agram

[0030] usi®at9 iReptiatgsumeadinion Ppdugtiondpy neutrophils.

[0034{ "FY@S@ br%Wdé?gﬁ HkérﬂﬁQFy EfEergébraFnh ﬁu mBWQ@{t{(Qﬁﬁ & heutrophil
exenpl ary D agram’i Tl'ustrating bi nd 'ng Kinetics

ex%ﬁvaéﬁﬂqf‘@éﬁrU'tF@Et and Fce receptors in the context of

[0032f TPEE}1 &()Vlﬁ@@&ﬁ %%’rhﬁl@ ﬂ%c@@%‘@% |II[.19IQa?tﬁﬁtb Td# podalation
provi des an exenpl ary ct Diagramillustrating

dypasgig$-at i on of endot hel i aI adhesi on nol ecul es

[0@’3!”‘Fﬁé'ﬂ“llluﬁrattékemé&ﬁtb?g%d%tl&n% fedg! of the

respiratory system 26 and 27 provide
[0034¢ n’ﬂfl' @H%ﬁ FPvides a@?é@{ﬁ@!ﬁ@’ EffgctiBiageam ﬂ'gstaqimglr@@iﬂatm QBT cell
ext?a\)ébséﬁdh%lecmt&%ﬂfm' representing Q/SLT receptor
antagoni sts to a nodel of the respiratory system FIG
[0033] i IHl@s44 prowides ae exeraplaiycfiach Riagtam ilihstrafingdiinding kinetics of
u
anfi gﬁegﬁf !‘@C%}Eil Ed:QEed éﬁ&]@ th@g%me% of thE FRRY% &gk resglre.qtorﬁ_(l Séstem.

netic r ecept or ant agonit s . .
[0038] | IFlGsAT prodides he esém@letysE@fct Riagram ilgstegingrregulation of endothelial

ad ﬁ‘nét}ﬁ&g]gﬁ’lg@e%{n g8 DR ERG A NAT L Sekt bt H’é[eraggégio?ﬁé égg%'%t&ﬁy system.

e resp |rator Sy stem
[0037Dv iFties 2@>mdpﬂ7awr9w€¢ emplaya@‘fe@h’alaugranusmusitating application of a

virtgﬁggrbfb%l' r8 egéntw r(;}}éﬁll' I c,re%o(?%g oﬁlgf%rtg%“?ﬂtgdd;gf the respiratory

cokinetrcs o shor
sysieine Mé® g2 &cillugiatd ssthe mminf@pilcw to thet medems@lwltlr@ffrqnh the antagonist

]

théﬁpéﬁ%%g%ﬁ?gé@eﬁ ?}%@?I rﬁgépg%rp%l a tn%\tééndiﬁ 8% ﬁlﬁ?ﬂrﬂé? the

effeetopbCyils reeqmtetwmgmngst oh@m@@gdyrmmlmmmwnt@ft of the model of the
' systemw th inplenmentation of

resré’ﬁ%@ c%lsﬁrr%ost eroi ds and hi st am ne-receptor antagoni st

[0038¢r &fE €28 prodidas pxemnary 3dfegt Do idusiratina applieafiereef virtual
prth W r%gfé,‘s'eh Ha%b%ur?e‘ﬁ?é Bféﬂd{tﬁﬁﬂ&’fon ¥tk H&E adrenergic agonist

pr ot oc representing so recepto erapy,
theaanlesilouhammm oftiles egspiratarycsyatem.- | L- 13 rrAb therapy to

[Odggf 'ﬁP@ 9 %V|H3§e§§ﬁrﬂétr Hefdlcy %%%M&r%ﬂﬁ%}gpﬁcgﬁon g’f a]mrtual

provi de exe Iar
prdtd)qqsrtepmsen@wga&m@hg@%tq tbe nmﬁehof\ﬂne tassalratprycﬂyetem with implementation

of{ﬂﬁﬁ&%ﬁ?c%&t‘e i %t%?rle' 88@8?@“?@5&#&%&3&8

tor therapy to a np resplra?ory .
[0040%t &M 30 nzaovngeaexemmgm/rEaﬁGQtlean@mmluleﬁtraﬁIe@ae@@ﬁh@n dfenvirtual

! ﬁ%?é@"n &%ﬁ 618'i & %?Eh”%s%,@’“ 4195 mAH §Erapy ZardShti-IL-13
prc%éco ustr gﬁi ?1 écteg 4a|nr|1hll' |"E or rap§ "

mAb 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

model of the respiratory system. FIG. 31 illustrates the model representation of the
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phar macodynam cs in the context of the nodel of the

respiratory system |V. DETAILED DESCRI PTI ON A
W@@rio3sw [ 0042] The invention enconpasses novRECT/US2007/063220

nmet hods for devel opi ng a conputer nodel of a mammalian
ph&FRROKIABRY & FTESE |ﬁmolt6rn Fﬁ’@§t32°éﬂoa§3 ilbdiRtd PR R cis bﬁ)@@f inhibitor

representations of ogl cal processes associ at ed
phgiimasodynantierinitom C@TtextWéthee@wq4 at beyespiratasyrsyaiem.

representations of biological processes associ ated
IVVHETAREDSHESERIPMONS the respiratory system The

i nvention al so enconpasses conputer nodel s of

respiratory systems, methods of sinmulating respiratory

sysPerRVeNtY onput er systems for simul ating

[0042F PIThalVeliti&y S @ifipasSes vkl Melhoad forlde0dspinda computer model of a
"bi ol ogi cal systeni can jnclude, for exanp

| e
maMBR AN E%Q'ra&%}’ pystem I Ragiauiarhe madels '%C'g%wp%eﬁta%ﬂ‘q of

biofddfidaV pRceddes Ak Sddlate@ with SBstuction Brthbire§aldd) gystéthaagi sm
such as an_individual human patient, a subset of cells

rerspsentaions Pt RiglopiGRlrosrsganpetcatrd WhennsirstiPo Rl e respiratory

sydibiht Thecmbér\tloaraw@@ah@%se%%hu@ﬁer%ﬁew r&plaw\ma(stems
patients or the general human popul ation as a

meg,hqgs&é §@H{Iat@9§§%ag§h systerygs apg p%@utef @fsteé'&%% fs@uladtmg respiratory
systethgi -ti ssue system such as the nervous system inmmune
system or cardio-vascul ar system [0044] The term
g 0 |cal conponent " refers to a portion of a
bi o dﬁ fNitiedst em A biol ogi cal component that is part
[004B] aﬁbibwldl@daﬂ:@‘l'stémséd?ﬁhaad‘e ifeYCdxafple, BAlIndi@EP L&, adddllection of
xtra cell yl a(i constituent, a cel bb%@r constjtuen an

celfsiuel ag @ gl cHlturg oRs Piop e iSsugy a pu HIRA PT95RISEY SUCh AN

indiAEPh @8 a® batfdtt, taﬁkhltﬁet%f@bﬂlﬂd)@:huﬁﬁféﬂ@ﬁﬁ&bémsmn@ﬂ alPépulation of
taenotllmtedto bolites,
“E‘P 6?”@ an QrIaBFMSRUSh 2R @ Qrﬂ‘t'l? 8 mMan %ﬂi'eP*éééﬂieog%“era' human

poSZHoNess a Whﬂbd ABblegidhIaystem & aldd iREluEETbESLRIPM, a multi-tissue
chol ester ester, trlghxcerldes and gﬂo h0|lpld)
sYHePsyrz8s errqréouso%/@tgﬂ‘s IMmpee iiempee Hula syptem.

[0044F S TBS terd “bit| S coBpbreedlt] refers totd geIeh bes biokigRA @y%ldn)’ A

. reactive nDI ules i perOX|des ATP, as we
b'Oané?,'C B‘PPBPW ﬁg'sm@garbé@%q' rséﬁﬁ'@sfé‘ﬁt"é&“ﬂ%?r@ﬁ'ﬂ“ﬁ sé” extra-
celwa?eb@ngftu&tcﬁ @@Iu(éﬂcoNﬁﬂtt{eﬁhWaﬁSntré aelmwcbhﬁmerblcﬁlaqginmanon of
€ er apeuti ¢ S suc

cO One e
thes. BGUHRIES §f 1.4abR DRSS GOBPOTST Mo ParagF S0t Mited to

mdf@idﬂwsXBNP\hRNQ$pro¢@|ﬁ§ IsQ@5decdr |dﬁsa({e$|UI@hre%§ptors enzymes, lipid
mast

T S st F BB BT oEL Iigegfg hd phosoholipi),
hoﬁhﬁkirie@h@dlls NErHGh; SissLRS, PeHibnas cemd)iibsLals] @rnorga@sr @Db(féﬂular

e.g., Conmbivent(r), which js conbi
ordrthse PG BE e R TP PR 1T ST Gl e By oS wellas,
coBiviatisr(sr or.ageiigate repredestatiisditihada tpdesf df bidleicd dgriables. In
propi onate and sal neterol xinafoate).[0045] The term
addifipry |biRiegical sz)fﬂ*@@@%s ear '§CIH§%HWWF'%39W’[W§W afnP2-agonists (such

as My ré‘IQ}rlf H109erro %étﬁg é)r{_g](h@é %ﬁE:B {2 dsb(gg%/"?%g eclomethasone or

bi o oglca nent anpl es o sulta oglca
dexanortbasws), nnaﬁt peﬂj@tablbzﬁrs dewkotrigne|nodifiesg) and anticholinergics, as well

as gﬁ@hmgfsiérpmera%%me%‘ii SonBivérR®! WhitiRY cHbif&idnf Rkt rbiSsulfate

and ipratropium bromide, or Advair®, which is a combination of fluticasone propionate and

salmeterol xinafoate).
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macr ophages, nucus secretion, vascular perneability,
nmedi at or production, and the like. The term
WO biosliegizal process” can al so include a proceBGI/US2007/063220
conprising one or nore therapeutic agents, for exanple
[064*3? AheG&ss bRflodiidl B dags |§ U%d‘%@é’iﬁ t& n%%ﬁ'% |ﬁt8ra%t|on or series of
~cellular nmediator. Each bi ol ogical variab he
intgypeliagibetweasrielegisal camppeentaf Fiameleg of Mﬁabl@)@@m@al prgeesses,
incRlde! 6ASke ﬁgﬁlnﬂfeh% a‘%’t%t%@l' &%ﬂpt br"’\gl:t‘ﬁuthﬁntt&%ertam cells, such as
bi'ol ogi cal process sone o i cal nmechani sm which
maﬁémﬂag@ﬁ NBEUs s@@reh@redawu@\p@ﬁn@ﬁméy snestirior produgion;Tard the like.
Thé ?é'rm ‘HRASAIE bRJcess" iciin WS IndIGdeE: %Bro%@s JEROrRINGriSorheh
characterizes the interaction between two or nore
thesarsugig peents.deng@mnie the mEeeasplotBinding gdhenimpedicsadentioeellular
me%lfaftd)rn'lita%h %M@ba?nab'@bf e blddfﬁc%t proB8dd can! HeBinflincB& tor
l'ux of cells, such nmacrophages or neutrophils, into
ex%mlalﬂfal?/y alj |§<’§t§ €8¢ 0 f@oh@]ogmqur@bm in e biglppisal progess hysgme
bicftRAcal MobRERrR, Wil 1t toBboifEP6 AGRIUnBER IR,

bi"ol ogi cal nponent anpl es of variables 1nclude

[0046F ¢ ?é‘?r”hmﬂf 'STU?@élheée'n tnh@ean atyaluedhatghefagieriges the
mtér‘é@tﬁn‘ U&NQ@FW@Q@% bcjﬁi{ﬁlcatl G&nﬁ%@t E 4[9 fopa"f‘ameters include
S nin or ROS. erm

diator, such a The t
aﬁrnﬁh@@f@ﬁw@ Kin, Kg K@é@lfh » f pettflox pheglist ﬁé?hrf@%QﬂWhaﬁﬁs pheeutrophils,
"ﬂggﬁwéyﬁﬂﬁgsof a series of biological processes. As the
cal processes change rel ative to each other,

[0047E phHenistry pearigbleg asriged Heein wfripdes valop éhatehaiaeienees a

buo%fguc%l %M&Peaa%él%eoﬂ \%Yuﬁbleﬁfncﬂfa%'wé foral BLmbRF bPLER, the
paraneters, and/or biological processes at a specified

nUWbﬁfeOfﬁHVQJWdWCt@B@@CfQFé@QQSG gaditherngenigatioarns arreethatar. guch as

méﬁ?ﬂﬁh&#@@§s [ 0049] A phenotype can include, for
exanpl e, the state of an individual cell, an organ, a

[0Q418]55J@e tefAY /RheNGlyRg) |i§ Hsesddiarein 40 meag i '@ﬁ\“t Qi’taglf?p@l’fﬁence ofa
seﬂl{asse(;ftﬂ)lloléd?catl B%c@?éé%oq% RO oﬁHb@d%ll ﬁro%&%%%ﬁgrggé"t%fa? V& to each other,
i ncl ude “ani mal s. term"animal " as used herein
thg phangiyes aﬁ@mp@goeg abanass. RNgEREasUerRN: 98 Phenalyne isltaglevel of
act'nﬂ? |0F'9|§r|abtélét parBmdfdrs, |dnmdr%ﬂ>l I__Eﬁ’/cal B%‘&@&&e‘%rat gfs {)Baﬁeéﬂrﬁé%mj under
whol e, as neasur ed y he conditions
sp%@ﬁqqﬁaﬁewye@waéﬂwﬂywee@anxmémpwposed experimentally,
[0949]03;5\‘ pP@ncﬁﬁfédéatn' |96]§deprf(ﬁse§@ﬁ1p|entr% ki ah iddiRRal E&f an organ, a
exanp P henot 'y of FEV1 can include anount of
t'S%J@nﬂ'F(H@'t@ meitealiial 919@f‘5$”‘r’réar93f"§m§ usAtl indhe methads apg models
d|s¥l%§§d1hé%|nﬂﬁélﬂi‘f‘@§’h J’n'atsy Tih@tefn %ﬁhélhé(s G4t 1Rsrin Mcﬂjdes mammals,

anot her exanpl e phenot ype of FEV1 can i ncl

LAt L IR AL dusisineimaitest ip. et of the

sydtéh a% dWhel yas@ﬁé&‘ﬂ?éd Sy PEVA Efthe chititkRk dBAAISY a phenotype can be
exampl e, the enoty can i nclude the anmount’s of

SN ﬁm%tfeﬁgowwnaptﬁsgntﬂara retipalttyRat Fasexagple. a

phérﬂ'cﬁ%fee& P@\ﬁrbaw]ﬁcl@de BREENt Rk c&rh%cﬁl@%'ﬁﬁ%%rk?ne%%&%sand regulators

he term "di sease state " Is used herein
of mnlaap@n@aéthwer anealdysheiest Irenether exaseie.dhe phenotype of FEV1
ca@fn%%é%?c?eeﬁreﬁ ahRuatest chRrddie é}m&o@rméa&o@ foPh GRlly asthmatic

ns of the di sease. Forexanple, di sease state can

patiRstt Heyes paplBenExani, dosBkenodse|candnaiidecthe ammoypigemh coniractile
stiflLBRRP R diFSHE a pPartle@t slirkPRsREy Mih bhe 6MbH &'the ][heaapeutlc

organi sm Exanpl es of diseases that can be nodel e
agents.

[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
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i ncl ude asthma, chronic bronchitis, chronic
obstructive pul nonary di sease, enphysema, cystic
WO pivroeiss? respiratory failure, pul monary edenBCT/US2007/063220
pul monary enbol i sm pul nonary hypertensi on, pneunoni a,
exérHP@r&Hisg deSsthtbBhn baNAe Eﬂé&gof%aalg sed%eﬁj'asf%qa%gd organ, a diseased
u ar organi smcan be, for exa
tissugaPv/a digapsedurelit- cs&tlar@iganlﬁngﬁé@@p@ﬁ Oﬁd'ﬁﬁiﬂﬁeﬁéh@t@ﬁﬂ $e modeled
mcﬂfdetésﬁlrﬁw'Eﬁlrbni%od?%&ﬁﬂsoBhr%ﬁlc%bw&!tl@e Pﬁin%n% RAGEhse! 8hBhysema,
can al so include, for exanple ective enzyme or
cygtiedibenpiss ww@f@m fatures plAMONY |e§ﬁmat RiIpoRRYieabstism| pomepary
hyddHenbBh! ne%'rﬂﬂl*ukaamt%%ulcis'lss(meéi"udh@r‘igebefhctap A%?eﬂas%ﬁ‘fﬂultl ~cellular
nurer i cal or analytic I ht égration emat i cal
orgapisal carres. fenaxapiple, agindiNidial owmanRatiriie 91eeP liemar aatients, or
thel FUnSSH ﬁédu@ﬁloﬁfastan@nd@t ﬂ%ﬁﬁs@staﬁ%ﬁlalégln&m@e 9@%% a
defined by the equation .
defegivegnzyme o él?emvemr@ﬁ@@ioa@lf ag Hﬁlaam%@wm%ator I's used
[0053§ e'T'Hetté’rn{ lfllad & ﬁsreﬂ'ﬁereltq%béﬂ theq{un{HrQQ%rtaYIaQ/flcéI‘
particul ar pnenotype bi ol ogi cal system
integralign & a mﬁ@P@@F'@%ImC@ﬁbr%&teéﬁmQ b gigugstion cpgmqa@dlp%mumencal
T R B o S o BB g By T BTy, e
dxigfrdaptieri stics of a biol ogi cal system can be
[Od@?s the W Biddaidl ehagbieAkticY & isaBIfein RARAITRS §rtr%nt quality, or
/ or procésses. Suitabl e exanples of biological
IOFQPFFHV ate enitistipeBhaobpeichdiPegical systems £QS exanRle DigPgicle
char8eRhsRE U ¥ panRlBMYisBaddilSte iMtilidPEIRicARdignd &Ad &8gridRtic criteria

measurenents of forced expiratory volune, alrwa
assasiaied wite e diseasp s T abikodicel ehasactpigiss pf & hisladigahsystem can be
mea@ﬁ’r@métn%rofr | Garfidsy g‘ara'n%t%egnot/@rpﬁb&stsé’s '@Lﬁla%%eexamples
medi um V\,hl ch is ca storing or encodi ng
of @'@ gieakhapActerises arsoriginsl wiiya ﬁ@?@&ﬂ%ﬁtﬁ@ftﬂ%eﬁ@f%&wysmm
mcﬂﬁ%%ut%‘?@ n@ﬁﬁ’rﬁieﬁ 18N S&Perhéis BE®rcel WxpRbryl ollinté %lrtlv@y
optical and magneti c storage devices and/or di s
CO@ﬁhﬁr@ar@ﬁ@taWée\ﬁlsgnal s. [0054] The term "dynamic" as
[0053¢4 TREN S coMoGRARE IR RIRLERLRA 103 GRS &R Fmedium
ers to varyl ng aracter or extent of the
Whiqhﬂ%pwhl%@fsst@mgmr@n@@d%a SeaHRR6R ehinstrygtions fpr gerforming the
meth s AR EHe PSS BRd EQn [nefulig Chut FBAaRSitd¥o bd)&ic@lga\rfa‘?’ér magnetic
conditions. C. Methods of Devel opi ng Mbdel s of
stoRageeAVvicen apdeplisks. @ng cafier wigke Fig08IS] A conput er nodel
[0033] BfedSH YPRIMO4DsIS hé?@lﬁ n%orm%ﬁ’ormvim nglo@%lal processes refers

processes or uncti ons. mput er nodel can

to yafving thesghagacier qr@ggte@quthe éﬂé‘i’ﬂa@@f‘ﬁ of MQ'O%@@CR@D@?G”’[S within a
blo@daﬂbﬂi‘)@e§ t%ﬁ’@ﬁéc@bhaﬁ'%ﬁngo&olgﬁbﬁ‘@o%|§orﬂs"d' cative of a
bi"ol ogi cal condition, e.qg. di sease. The behaV|ors
are then used as constrai nts on the systemand a

of fresWethodsif Peveloping M%ﬂekﬁeﬁrfd\ﬁ%'ﬂnlabaﬂgﬁﬁﬁﬁamsbfé%ms

[Odﬁ?)xe'A &fmbﬂfé’ﬁﬁédél B&h 5§H@slbned:t@rm&9éaﬂiﬁ’é 8 m@#th%lo@cal processes or
avi_or such as cartila degradation in rheunato

funghensr i knescommver gpedsl F?rtb%%'ﬁé!ﬁ'lngﬁstqprﬁﬁm REPIoREN tha begins by

deffRay | 'g@ﬁer@fs%t %ﬁséha%rma%bﬁ\ﬁé by EléllbglcaIYdoﬁhlﬂbrﬁ‘ga & as(ﬁsease The
of subsystens, which can thensel ves deconstruct ed

belaq%orﬁ@aeé!hga used gecenstrainihen Bemypism it eoff agsted pubsystems are
deld165R 18 WRRYStheMext IBvel loR BR @SR, deddill %‘F‘)éxé’rﬁ?lbﬂ%derby bbR&ior such

behavi ors that characterize 'the dynam cs of | system
as cartilage degradation in rheumatoid arthritis, the specific mechanisms inducing the

behavior are each be modeled in turn, yielding a set of subsystems, which can themselves
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as a whole. The deconstruction process continues

nodel i ng nore and nore biol ogy, fromthe top down,
wapioriiosiere i s enough detail to replicate a gPUEHNS2007/063220

bi ol ogi cal behavior. Specifically, the nodel is

be %@E’Mrﬁc@fj gﬁe%de iR 'inaﬂg*I'ﬁéllcorchcQ%ﬁé §§r$teitr1ﬁ"{he%@@u9§/stems is,

mani pu ate gb or ot her her apeutl C agen

the[r@‘g%]alrwﬁydiﬁélnw bwth@f qhﬁélof%hﬁbﬂ@ra%@@etthﬁ dl!é\?@?'@ﬁoOf the system
as SR Efh é@%h&rﬁloﬁ ?%c@ﬁsé@érﬁlﬁﬁég bﬁo@é’lﬁl'g‘?ﬂ'ﬁ‘)rbsand more blbo3|/09y from

|IIustrated|n ods t
thej tge ﬁPWﬂylllriN;”@ﬁé'S&nohﬂh detpil 51 reglicada a |grv@a @ﬁ;&cal behaVIor

Sp@éﬁfé@l&/ ahe %d@'et B cabaiie gt G88Sn 'b%lbé?@al BRE0NR tREt PR
ogi cal processes associated with airway

mapipsated by drugOTOthefdirrapeuistaosnt- of bi ol ogi cal process
Oaﬁﬂchr@B\?é?’w%td? Y rﬁé\ﬁﬁ d§ 9&3}‘ tB'o‘é%IBH cQtrn Glef WRYels of ’hhe respiratory

ruction can orrre data relatin to
systers is Hlastetgd @y@ﬁeﬂn Ehe m@}hqﬁéﬁynl@lﬂytbﬁ@métyﬂde ngomﬁ prymore
bloﬁdb‘f‘caﬂsrtolaé’&e%%@s@élaﬁé’d GRABIVEF coEiibR %n@“oné GPW&J MibBgical
one or biological processes associ ated
PrasessRSCIREATIRIER WiIte ey iohetrustion héhe @@ptlfrqatl@m 9f kiglegiephprocess
ass-la?:?atéﬁa&/ﬁﬁglr\ﬂ%x&or%ﬂmﬂﬁiﬁ éﬁéplgﬁb%Qrﬁ&lﬁfcaH%WMé&@rﬂéﬁa relating

representing each i1denti I cal process
to e aewfiatasy Sﬁ*@n@sg@xs p@aﬂn B@reﬁéﬁt @@ﬁﬁma"&auhp)mqt@m eafeis@eomprise
th {ie;f‘BMerﬁtlf}ﬁnd 8hd Bt Mol%f; g%gs gé/éyc%?éd With bi Bﬁlechanlcal
ogi cal” process Is e I ne equation, I.

rergodelingp{ e respirejory axsteras Ehe B sEIasorAgsos th step of
ma“d?é?ﬁﬁ%@fv RbRBstIRY eat?;’n‘?(IJé?@lh&@blo%%‘é?&%géssa%%%% &bl processes

al rway constriction and al rway obstruction
campe n@éhﬁmi@a"y eRtRseRieA Aey raret| anannges. <Txpicalidhe biological
prcfc@§§fsrd%h9éd’ by?'bh%t&%t&h €e ”@I{/@P‘?@( pBY o lé%%&ﬁfed'b‘é@mp dehe

he steps of identifying thefmatical Iy

renr@iﬂnéﬁ@ﬁs pﬁ@o@a@awowes B$?(§>|C@§Qdc\ﬁllth @Wé@'c’ﬂon and with airway
obﬁﬁﬁ:%h QFee(g)nYlﬁlrﬁéH ﬂ%lfs“r%lﬁgﬁ)'ﬂ?édléﬁ‘/ﬁ%o&e'lss&fl{ﬁe Fé%BPétb@”éi/@tem The

/or tissue hyperplasia he respiratory system
me[ﬂmbmawfu@erzn@wm@@rséﬁr@@fmnrlfdlmg a@plcmiger@ Caﬁy Erpseseagng one
or kAl blbl%%g%taleprbé’esfsg§ aE SRR AVR ¥infHSERIghc IR ®mplibRce and/or

one I nmplementation of the inventi'on, the primary
tisspedyippelasia efibe fspirelonesySEe™f the respiratory system
[0057] t fG 0MU&Fat& vAiols %lo‘ﬁi&lﬁaﬁ??ﬁocé%s@%ﬁ'rélgte‘ tg t@%\splratory system
second (forced expirator ume in second
of gmanEEa)1 In gn%nmrrré%mwamr\r@é'ae inseriignethefpriptasy W@éﬁl&ﬁuowe
pe%rn*(atﬁ%e Lping, reﬁﬁraﬂﬁ? §yrét@rﬁ G % alﬁm%ftan(a? SLEB géf%’éﬁ‘ & in one

3): 200- . primary biologicC processes
Se%ﬁ”ﬂé@d’chlﬁ?@trﬁ@w ‘Gf'Uff‘ﬁé" ? segindak Y {)- et 1 igjarnggyly direct
meBQINELdt i hebhaARd c@mevmg QR RIILY LIRS (ng,&h@aﬁEng

&aocesses I S dynani cal resggnsn ve to changes In
" %?@Qjﬁ&é‘?ﬁ%hﬁﬂ’otﬂﬁ'@%ﬁ@ﬁ@%% recesges abpd dyncliop piiag reSp'ratory
syGORPAhMCENERL G S éﬁf\lflé%ﬁdbshh@tlc;nu MCich OPtHRbe brb%esses is
respiratory system Airway conpliance refers t
dyraraisallydpsgensivede changes ¢ e eaviroment ppd ﬁ%ﬁmhegnotyaiemayumect
AIrGRTRbIBIfeo nfa) Al TP AR hotlindiBR dPRITBEMABH, o) ALRCTAIRy
lungs withi'n t body and relates t
CO'@P'@%@§ é%f?fsdﬁﬂasél@'é/aprﬁ'ﬁ%ﬁ%é%ﬁlf‘ﬁﬁy o'?“mﬁré'y | aipytc@mpliance is a
méa%@ﬂé%@ﬁar@ﬁ&ﬁlﬁiéf %tWéth'oﬂlu%?@intHiﬂghe bORPRd reté the cross-
preferred I npl énent ati on he 1 nvention, identifying
Se%t'obﬁkﬂr@@ Ptapegicp ot e lgrags ScTansBWraliprasseisrvihin theileno.
[OOB‘SFprIrH §%?efér‘?'@d“ﬁﬂpﬁéﬁhé‘rﬁat%n%f@ll\eoﬂ\/&ﬁlonPﬁ@ﬁﬁ)ﬁﬁg %@l@&gﬁgalbﬂ)cess
snoot hnuscl e contracti on and/ or snooth nuscl
asgqﬂﬂt%wutmgonstrwé'oap@ﬂn@@ﬁqzsaﬂerﬂufmwoé%@&p@p@%f related to smooth
9
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wi th snooth nmuscle contraction may incorporate the

i nteractions of one or nore airway snooth nuscle
w@onwrnesstil e stinuli and/ or relaxation stinuli PCHUSIN0HS63220

ROS, nethacholine, CysLT, endothelin 1, acetyl choli ne,
mJ%bI%tcr%giéy ||0P”-5ﬁ3)%r sr%@gl% rﬁuscfé@%rteﬂﬁyr q‘bggﬁecqu%al ;Hﬁéé%@)mated
Wltb'grr@@fhelm$<§¢ eorrt@@tm oay (mrpom}% tf&gi@ ragtions pEorer @rd”ﬂ@r@ralrway
sm%Bthdrﬁi?fd‘LﬁnbéHtl%ﬁﬂe *%t?rmﬁﬁj &d)6F !&aﬁﬁﬁmlﬂuf Sudngs Iﬁ)@gzmethacholme

anot her erre | ment at1 on of
Cyslnleemdpibalin i ometwdnplmfg hesta)nloeo@P@aPG;Eﬁd@éﬁD%\mgmkmreﬂ
on, ¢o f 0 i cal
ol QR By OB RESE BN A5 R g PRk rocemir -
ARyadomist, teermtiomof desehsitiaades- am‘fedelr@c Feeptorfbnd PGERSt em

n d h o
1005935 % pebihey Bo e rappineb Bl 8418 FBftosh K ying a biological
prdc@§$)a§s®biated Wistsbsuttiont étﬁnpﬁ‘@@ﬁ &J?éhtlf@fng&‘al tBTblbgi_béIQj’r\(Sce@E related to

|ra ory function w a ti nut es
Pdiel el ivels PhdipeSgmd Fals Bt Sir edest 3tagy svstem.
Tlsb&e hﬂbeﬁ‘pﬂaﬂb id iPreSéribledn doms A edsentEllly ataﬂlb)eﬁéttmﬁltdtﬁﬁuction of the
or eca

over long ti erio h.a ear .
rospU0] ST e EoMBRGY S CLde S &) ERTRBk T o8 i fme scale o
mmfmemjagz@ar WSR3l IThe efrebteroaﬂés@ns/peﬁplaaua/may ee Yel®fant to simulations

bi ol qqi t | flu
of Rt T8 PP el o B i A J8om, o et ni
[OOBDFt Wiglbgital rpﬁ;cebﬁesﬁ&ﬁs@@@i@tj%m difaay itk icam comprise interactions of a

varily pEObYER eoTensn S Bepb S RETA N EL diFoEH R M.
SulSSINBRSTE neliRIkinaE RiebtyRBolied s AR BASE, tHP&lbn Bf @ékeabiaadd f,-AR

processes associated Wi th airway edema can conprise
ag?ﬁ‘ﬁ"é?%?d’(tq’rd?ﬁ‘smBGFUSase%ﬁt'P%P?”S@py%lr Ip&ﬁ% aﬁGFe% maistamine,

bra‘éjlyk‘lh|na§hynﬁ’é§éuﬁl1%ﬂ1a@ﬁd>ltna%ln'dlé'lﬁsté‘s)e' iated epit hel | um
let cells, airway tissue fluid, tissue fluid

[0%’1133 Q! |cq} REQOSPSHS ebs(gpﬁ%tgg Ivyllihteyrwag @ngéﬁ@@ cpmprlse interactions of a
var"'EﬂyJ bﬂﬂﬁblﬁgﬁa R@fbﬂbbﬁ's%h@% bé) Qienﬁ?i’eﬁi—é-plthgiﬂﬁn d'"a‘éécﬁé'ﬂlt'h@hum airway

i nin, net hachol i ne, b2- AR agoni st and
90?'%0%'?&'&"‘{9@!&'36@ ed dissye f'%@r%.’éurﬁRV%%H%r §?W%’é’é‘ﬁt éPbStance P,
nelifdkiRfdA tdcijichBiid, e9LCRIPAF, PEesniRg, HasRHIR RIS Whitacholine, B-AR

ai rway edema can conprise interaction of biological
agerisirndénithe fragtian efidesensitizedie- BB @EPNiaiveeeptanila laddition, biological
f in
S U L S A T LR S s SR
cor@parsant%ted@ie@fo tissgp compliange swhickeamplifisilee magditude of edema for a
.t he _ef : ' i :
AP AN B 07 £ et 4 £EHR By o
reswp@npsiy&mnatlsauma@i parfedartf dasceisasethe effpits ahicieveraibedenrmatic
scé"]'lilﬁ% eeREREL R, | As \ﬁﬁhattlk&é %p%ﬂﬁas‘?é’ '?ﬁ@éﬁfec?{ oftls @&h@%ﬁce on
es |ratory functi I Me scale 0 m nut es,
ed@rayslreaessnewls/ statigen ﬁfefcw@t@d of simuletions @‘cﬁﬁwmamﬁt ainction Wigh a time
tQ N ACt |
soqig oPiffttes! Goils I YIdt2 The Ble@LIRSEE Yol Cn K hievant to
sinTthatioes lof gmltf@naralfumnﬂon egsdengiimp pededs sUch@syealseys decades.

odeg. TS HBSEIRL AR bR Br N ORID) ESLRANABRLE oo
hypesglpsia @ndigsusyeaneptiance. eerresdsit piomeagpheingnempiieling cbtheteepiratory
syét@%erﬁréf@%b ‘nl1pIérﬂ?HAﬁ@nsgéf‘?ll\é)W/&rﬂ,onRﬁlfﬁ%ﬁlﬁ@?ﬂﬁ%@ﬁg{o%gsses

th bi omechani cal renodeling, even tfor node
are intended only for short-term sinmulations.
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[ 0063] Once one or nore biological processes are
identified in the context of the nethods of the
WO poo2neison, each bi ol ogi cal process is mat henaPCTEE1097/063220
represented. For exanple, the comput er nodel can
asécﬁ:paﬁ&is\ﬁﬁﬁ bi%ni‘e'cﬁ?c’r{lcé?'r%é’&’éllﬁ e\léﬁ‘?&erﬁﬁd fh'égar% ifteh&@&d only for
mat hemat i cal tion and second bi ol ogi cal process
sherstang ssmyletensd mat hematical rel ation. A mathemati cal
[0(16%?1 aldRB oh¥ Rk Afdhd Blo|o@ﬁ:|apﬁ%§es%@§ akd |d@Pﬁf%dY@fHe%|n?e§d oftthE
avior (e.g., tinme evolution whi ch can
medhaeig| oh thednygntioheeash ririedieal mss Iswmtéerpavqa“t tﬁm@seylted For
exé?ﬁ;%l@et'ﬁ@tcb%hte"r BloAkl ARSeflesti® ﬁ;rgﬂﬁ %Eal'ﬁ? 'SS %@lﬂga first
I ne interactions anong vari abl e escr | vel s
magheraaiicpliietatier apd apgeensiRiolpgisalaypeask Ué@ﬁﬁcﬁﬁ?@ﬁ'ﬁ mgthemsdical
relBidpl qgh‘éﬁ‘len%\ﬁééleg‘aﬁ% %ichllﬁﬁclh@é’s%r% (S’r%&%%'aMéBlé@?hé’Behamor
conbi nations or a ate repress entations of
(e.g.afimg eyolblien) sy i C@O Giewated byihe gempytenmodelr |'Vé%13 egrticularly,
ma‘fﬁ’é?nétﬁ;@fr%%ﬁeﬁs Hﬁﬁé @b‘lﬁfﬁﬁaf méhél Jah%ﬂﬁ@ﬂté?gct%ﬂg|ahﬁ>ﬂgtv9r|ables
hysi ol ogi cal he nmat hemat i cal [ (S)
de$<ﬁ'§'r@dﬁtﬂﬁ efraciyiges pluarieus bpmaec%weﬁ@mf é@%*ﬁ@'@glcﬁlesystem as
wefl SR Bl A R REESHES: 4 @g{a?@retp%s%esp' ratory

function. formof the rrath I cal equations
enigiipnogfdoe wwu,smlcmj@l cpr@pompun@ddﬁlgnI\(aauables can represent

vafidsf@rRnti Al aﬁgH%be%Sto I?ef &%ﬁ‘)ﬁdl(%l diidrRr Y hathematical model(s)
equat i ons, | fterential gebrai'c equati ons,

of WF fopepeerexeeyichic sofbvare epierepresenisiiiatinamie hisleaioatasesses

reI%H% Fe%BﬁatBFyf i M‘Jﬁr }Tﬁe‘P&nﬁﬁ%@%tr@maﬁﬂéél%ub@(ﬂis%ployed may

net wor ks, n sone enbodi nents
'ncwﬁhf@ﬁﬁﬁfﬁﬁﬁ tdif@@t'@b@wat'ﬂn& ﬁ@Ch@ﬁ@Id'féﬂf@“t@r‘ o otz Telyis
dlﬁ@Pérftlgfﬁg%Brélk e@%‘tﬁ)tnlso('ﬂﬁer@ﬁcé Q(ﬁja]‘tleﬁéncemﬁérdéur&ﬁéta &)Up@d maps,
where X is an di nensi onal vector whose el enents
eqyations SEPRIWOHE %B@P'@@P eafuzgaloispl reﬁéW@fﬂ(StQi@ system t is
[00641® In §rhdbmibddiifitd, #eEmatheMRBE 8q@btioks us@d InSth@d¥el are
di mensi onal set of system paraneters, and f is a
ordingi diffgrentinaaupipisedéit ©Mhe conpl ex interactions
anong bi ol ogi cal vari abl %&/dti ?n i mpl enent ation, the
paraneters are used to represent intrinsic
wheteay isandy digagnsipnalevegtor "‘@@ﬁ%?ie@e{nﬁcﬂe@f@?”tdbe wlqgicgé variables of
theeégs?errﬁ] 3lis FREr B thalrhtedf (:ﬁa 1of en,y i é?f‘ﬂ%éﬁsuér%%é’tro? )system
for a biological system QL} n some enbodi nents,
ParametgRerst Aipa fwo%@%ﬁﬂﬁﬁeﬁﬁé‘ﬁ aIcPypleXfintaEAgtions areng biological
vatYeﬁJlééeﬁl Qrfe it pRderatin, ﬁflegda‘f&ﬂettefsr@re u@@ﬁ) @p%@ﬂﬂﬁ%ﬁ%co‘c
the nodel 1s mathematically specified, nunerical
charaectegstios (@8- geneticdagipesy as siglh as iesierna Ph@aﬁteﬂﬁl‘fﬁtﬁ@ @ environmental

fac@(ﬁgﬁb%g%gmfa@g &ampl e, the tine evolution of the
bi ol ogi cal varlables x(t) and hence the evol ution of

[0065 pheorpe ppbodinants; theephengtyesramhe mathsraaticatingelingd by the

vthQ@op* erndJS 'aPé‘bvaﬁ ARRS TR ShenBIYBL BEMelRo@f &%%@m@tlcally
of the respiratory system  Ceneration of nodels

o aw@grl@émtwﬂ@r@‘ thg abqyeRaLPlRAIISIHDL?R CRRBWST dotermines, for
exér’n , fRetigfy e\)&?ﬁlon %f ﬁ%%l@égﬁ/béﬂgrlgbléoﬁt)%g heREd {htelé?/GIutlon of the

er archi cal Bi ol ogi cal del i ng stem and Meth
phenatypermestimeNo. 5, 914,891 , entitl ed " Syst em and

[Od%] h‘ﬂfe%pr@'sé‘ﬂ{'étﬁ)tn'd?%é%l@lb@ltcélgﬂoégss& SRR to generate a model
S. Patent No 154, entitled
of the resplratory system. Generation of models of blologlcal systems are described, for

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

Modeling System and Method”; U.S. Patent No. 5,914,891, entitled “System and Method
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"Conput er - based System and Met hods for Information

St orage, Modeling and Sinmul ation of Conpl ex Systens
w@e@anosed in Di screte Conpartnents in Ti me anRCBpazne?/063220

U S. Patent No. 6,051 , 029, entltl ed "Met hod of
for@rﬂ@l%ﬁﬁ%@%el%tl% 6péle¥hén‘ﬁ[:alas 16. SSPET‘élan‘Nboé‘Qﬁ@qjﬁl entltled

['izi Li nk Re resent ations” u.
Cmputsr-md@@teneﬁmd Methwds fiast ormasionrs e Mgdedmégé S{Ir@ulatlon

of Q?Jnﬁre& Sﬁg{eﬁ{%@%\ﬁlzw Fnrﬂ)lgcr@te%éﬂ‘lbﬂmé’rﬁﬁ M}ﬁﬁ{e and$pace”; U.S.

of Managi n
Pat@@ﬁ bl@t 6.05h82Paniiet Methed ofdsenrsativgi %D@@Iawfqrha @mmlc %Imulatlon

Mog@l @fﬁFzﬁlg\Ndd%' Jhda\_lrﬁé ﬁé‘;&r@gir%‘tld}@d@ S: pdem-NG’ zﬁt(ﬁi@t62'??’0ent|tled

entitled Cenerating a

Mﬁbpd af PyaviinacASiess ia®bleet Rasampters Withip aqglrrmaj@nm i HIS. Patent
No%ﬁ@?ﬁ?@@té}ﬁh@d‘% Melthod-of B%tngglhg ec@s Q%P%%%et&mdldés%somated

Appar at us f Si mul at'i on

Withpee StjestssWithinia Simudatian déndslit @IS- @@%@ Ngy @689 ratitied “Method
of @Bﬁiergm Q%d%dr%%%@n@@é%ﬁﬂé‘t%ﬂ RSl Uk %q ﬁo&@émgnﬁ’f

nltorénﬁ%VauesvmtmaSlrmatlon 1
RepresenigtionsdsU Safatent Nach. 98D Apf- ieatitlage Medens arts#Apparatus or

Co\ﬁ@udtﬂ?“dﬂgﬂtshﬁul%@dﬁ)@b&ratl |I§|n easééhs@(gr-ﬁgééﬂ SystdrModel’; and

exa ds can i ncl generatln
P nn!n“@ﬂt@d P S9EHéad entifled a°eM§Fh0§tq dMondering ¥alees Wjthim agimulation
Mdggppi ratory system of an animal, and conparing the

si mul at ed bi ol ogi cal characteri stl c wth a

[0063} r dbparrineds Geafiarthar cemprie mgthosk fertvalidating thesgarpputer models
de&ﬁi@%&' heRsid. "F& HAMPRY t@m%é&@é&ﬁﬁnéﬂhi’eénera—% & SatidtePbiological
I's comparison inh conbination wth kiown dynam c
chasgpleistisi o apeaciptay Wb # TeppiraieHsyHam of @n anifealneifsomparingde
smﬂﬂ’ét@@ b déﬁ@r‘ar&&eﬁ"stl%W%ecﬁfesﬁomi%@éh@t&ologlcal characteristic
relationship within the nod roves

megotediin arpwealior slissasadanifiakdine el ds Fempansandacemgination

with tRﬁoMﬁH}g‘Péﬁlc BAGH ot Qﬁ*%grcbpﬁﬁjn S i @f’tﬁetrﬁ%‘éhtor lﬂo%t the user
Pat ent Publication 2002-0193979, entitl " Appar a

to agbrRNGSt TGN Fbemetigal triationghia withimdhe modwbm@ich BAEpVPR the overall

fldé}'itysof tﬁéhﬁfdﬂél Weth@d@@?vé%tmgl; ﬁ\rét\)ahb@sdmoyag laegcri%ﬁg hereln are taught
Ap ar at us Co ter Joint"

Bro PURSRie P -RA9357P cansiisd dypeeaius {\o@m}how@r Validating A
CoH?)Yl?é?tl\)ld?ﬁl BhAYH 085 FeRimRNoeE,08D 861 SerftflefM&RH 5@(5 R{)Maratus for
system of a mamal conpri si ng one or nore nat hemati cal
Compyitas Mageting @dsinbf a bi ol ogi cal process associ at ed
wi th obstruction of the respiratory systenm one or

mor & NES MBI iMcdels BPMBRARAIRIN RéSpikitory $Ysmgi cal

d%@ocess associated with constriction of the
[0Q68% piThgryeptiayRrioxides spraPaes@Pdels ohaferdiaiontcaystem of a mammal

comBlighd BRS Bil ASreNRANERRLIEAN ForERINBABAS 8t 4 BB GRII process associated
bi ol ogi cal processes to formthe nodel. Optio

with Wgst&ﬁt‘lﬁ@,pg emat%&ﬁys&?@Ooqfoqmpq)rgénqjh@ﬂgtﬂcal replrés%ntatlons of a

b|d@&?ﬁ%%é@éssb@iﬂfe@%ﬂtcﬂnbﬁ@ﬁorp@f tfe hés?lré’tg teﬂ{ QR8SSset of
assocl ated w th bi omechani cal renode

mathammticat islajiorshinshatwegpibe renmmeeHalians ¢ b@fogaf@{/@]%@ﬁaeg to form the
mdaeried)ﬁndafau} e (Ecﬁ%lltér%@dé( c§t¥§fs§ RLABRES bRESH ABRYRaliBY

be used to generate a nodel for sinulating respiratory
repsGEAnétions phe Biglagical erasess aaﬁegam%&h.%w%@@wahwode“ng of the
redpitelorP§ stipndr eds or even thousands of objects, each of

I ch ma
[0069] The n¥ethods of developing models of the respiratory system described above

may be used to generate a model for simulating respiratory systems. In such a case, the
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i nclude a nunber of paranmeters. In order to perform
effective "what-if" anal yses using a sinulation nodel,

WO 20078038¢2f ul to access and observe the input REI/USR0T063220
certain key paraneters prior to performance of a

siml1&Adhdho &4 n%g%%de%nd?éb‘% Rk PRESAHYsYof B&eﬁ@sgéc‘ﬁ%f which may

out put val ue hese ey paraneters at

mctttdﬁca HgMls ob Pargmeteranin ofdar 4Q pefeMATeshrey Whak-Rnanadysss using a
smﬂﬂ@udnr?ﬁ&?éqj eds 'uQ%fhht% RE LR d%@eﬁ’/fa th@mgul"’\ya?u&fcff eek&H key
, a relations bet ween two objects, a nodeler

para@mﬁﬁerﬁ odar howeé‘séamm C&ér&'@“ﬁ’“%@@ﬂi@t%‘v gnchglse ppsrily éh@bserve
ouplit %Fl?é’k Br thebakéPosIinkterE9f th@%@ﬁ@us%n ?f %h%‘g’)ﬁ%kﬂn As many

W sh to exam ne paraneters that speci the effects a
paranedersiace Hojuded 'nhtﬁg easweasmrluﬁbénd gfe ffasad bpeelptionshipdetween
tw@blﬁ]@ct@a{)ﬁ%@élﬁf Sal BRb n%@@% Eyarhihe cgrftélﬁ?&%n%fter% Re&fher end of such

obj ects upon the specific objec I ex nodel s

a ralraéorwh@o of ©xamile. ckepdelennay wiso ta eg@tg[ngma(ﬁmeters that specify the
eﬁé&?a@ﬁg&h@objgétthlég lon Y UMsh et Of BtW@F @oﬁ&@éﬂ{deﬁs@ﬁargﬁé@rg that specify

del’er conventi on. I's accordi ng Yy

thelﬁ@lctﬂ offtlaﬁsetqﬁla;er@w@tseqpog,th@ ﬁl?%'f@dﬂi’aﬁc& Q%nm)eéwoéelrs @CQ é|§0 often
brdkBh ABRh #itS aGYBLA] (ﬁ‘%@b%é i eﬁhecf%ﬁf féoﬁw%n“ébf'egﬂﬂ% or rﬂ_é}gly by the

satisfaction’of this need I's co |cated y the t
madglgr's corvepiem diip reeordingly Oﬁgbuﬁ@‘n@pr Wﬁyﬂmerww@ngwalwto view
sel8Xel lb%?a‘ﬁ?eté\‘stclanfaﬁ%e%fhﬂ 8 sheti ff%’%]tb%éd I'Tr% sah@faéﬂld?%ﬁhls need is

par aneter may pear 1n many su

CO'B@LQ%Q&* b}ét@eéﬁc’fﬁl?éihﬁﬁfélnﬁa@ﬁst A %ﬁaﬁg@el ﬁQaWWé bﬁrﬁUJéllla”y excluswe
WItﬁY@EIIp\é%ﬂO daPHrsThe 578 ep?ja Q@rlln F’r%ﬂg/%ﬁgmo?jels
i ol ogi cal processes at eve and t

Fudher Uhﬁtt@sln@@f@séﬁﬁéfé’mcﬂﬁlst%@nﬁ @mgﬁﬁsctﬁp nﬂﬂd@b@%\@ on
[odYop! eﬂﬂb%ﬁiat&f S RESMEE] %e@nlts ﬂ)l@i\b@ic@ pr&léé%es Enﬁultlple levels

creat ed conput er nodel provi des a multi-variable view

angthey Wblpwlth%lpﬁ@vé?f e bigrpgical pEepesspscanpalogicalmsgeasses across all
Iev@'sS GThBE QMé G%téar(%%u@érﬁﬁédéll blrb@fd)és ele Nl ‘(/Qrtlét%‘ §|e§vrbrf AYflogical
hesis of information fromtw or nore disciplines
Systomo The sTaRigECroRHien BedetaiselProvidasriresigWseiplimannepsentions
th rSWﬁ{esM ﬁﬂférn#aﬁ@ﬁ froRPEVRE M ord 'dfst:l%ﬁr‘?&t infd) agﬁh@le lcBfputer model
exenpl ary, conputer nodel reflects

or egadakas W é@mgwt@amoéygﬁfahre@e@nt diffeent é§9‘P'ﬂQﬂSor y

[O(ﬁ'l'ift %e@%la@?%mﬁufeﬁ‘lmcfd%ﬁte%&s %\%aﬁ}é@@r bl |c%15§}%‘§erﬁ°e? the
be” expl ored by the conmputer nodel. The |eve det ai

respiieionpoIsiare ENdrangtantieal isder relavast fisswsde Reedplereddy the

comphifet %H@Ir ﬁh’étlw81ddé¥§|?|n9$rp&|&?eoqﬁfml4& ﬁ{odgﬂg%\‘ten 6Qfated by a

exanpl e, Dbi ol ogi cal onents being eval uated often
pagigiapiniengded 4sg aHBeIP@PHer Megel :For sarepler Bivlogisal components being

ev§|H§\6@ bt BperaVAla &J%Bel%‘?é?tl’&bél tttli'la'ﬁ"eﬂo%"’%% suR¥RlIarAEvel can occupy
detail represented in nmodel . The subcel lul'ar 1 evel

the Inwpsidess! of dﬁtalbsearﬁﬁp@tedbn Hled‘g@(teéd Teo Ryfsbyiaslewe] ieluges, for
ex%e EWGicaioRipdhBsts sﬁa?gé BRial Wﬁh@@%bt‘éﬁs r@‘le@rﬁé’d”?%actlve

d subcelTular or gane les. Simlarly, the nmod can
mo@“ﬁaﬁ%@@ﬁeﬂiﬂa&%@aﬁm% i eailagly.dhe F‘@@'@I Ca@rbeeﬁ)’@hia&td atfilee
multRéRkabvé oWBRL LAt INIRIESTa vﬁﬁﬁ@H@%n@Fﬁ | M sdsRIndividual

bi ol ogi cal system 1i.e. a single hunan, Is a conmon
biogaeigal §ystam. irg: @rsgte Rrea. ied S%fnoﬂ@nf'b{@f intereplawith reppegt fo the
uItlﬁfaté Q@eo@b@ﬂh@%lcﬁ@élceﬁ 98?995‘%@ thd fﬁ@lvldﬂgf Mblgg@él system (e.g.,

bi ol ogi cal system (e.g., represented in t formo

repEesantachin thrifors ek sjnical ovlsemas ks et highast levelgpresented in the system.

DideA8e pYTbEdBs dldiRE e RicARER_RTorR e IMi®HaRRHhcthe model through
Interventions are 1 ntroduced into the nodel throug
changes in parameters at lower levels, with clinical outcomes being changed as a result of
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changes in paranmeters at |lower levels, with clinical

out cones being changed as a result ofthose | ower |evel
W@ bangess17 as opposed to representing di sease ePCBUSHOTY63220

directly changing the clinical outcone variabl es.

f

o e ar SR TeyEFoa] uSEROENFD ditade UFed B9Pr¥alkhanging
theu@@ycal @5@0@6 Merigblescar e setting, especially for use by
[Odﬁxbﬁhérléifel éﬂfétﬂ%b%@etadr ﬂgcat LI% C%ﬁ v?@%‘eb?@d ifg thﬁng‘Fé*' de
somm%t@latlonrwtge krgeiaiser. evas|a hefalthense ﬁaktﬂﬂg cspeeiallysiaouge pyomembers
of @XHBIE it R 8 d@ej"rléﬁfe% %L}g@la YR VS P BRarRRd chdh&in top of a

I nt erconnections, but need not report certain detailed
cor@p@tﬁémoéelofThtsHégfwﬁw! efrabsiygetion-caatshpwafor exasprigi maeut
ph}t/sr@oéiéﬁrsusgp@) éﬂd’thgﬁﬂtéirbptgnécﬁoﬁ’é B A8 r%ﬂ@olrt%rtamddetalled

el enent l eve abstraction can provi
e'%&ﬂléﬁs@fr’fh%t?@fﬁﬁu’f@'f mpﬁ@ -v@tHQa%tnOtthhoéhlheSJSBh@beﬂWée%ﬁdg to view
thel%?lﬁreldyélélﬁerﬁbﬁh.@'h%@ﬂeP Rlelcabardcabh 8hh Bl%wd@uat dé%%ﬁ&lo'ﬁcgf the

i nclude certain paramstrlc settlngs used to create

V'”!-’H'aQat'?P‘i’f‘t RREINOhyRE j38A unPerintephysiomaicet chasaetpristipheyt need not
mcﬂﬁi@rc%ﬁglﬂtda%érl& Q@tﬁ %setd V\B%ré&‘teﬂiﬂ%f vitEM %Iatléﬁt in thguctomputer

abstraction can descri her apy does

mogekdVhen repredentieg @ draranh tiabighetleyal osalatiagiien eatedpsedbe what the
the?éﬁ?-’rﬁc@s%u& Hé’éd ﬁ(ﬂ‘?ﬁcfﬂmé deﬂatn%r&rﬂ?lﬂb’%@ﬁm%gﬁd to%msﬂ?ilé’l%%at therapy

out put s of e conputer hat T's particu

in Pelconanir e PPty of be somartepmodadbat s aditioyiarly
relé\%?ﬁﬁ'sgﬁjgcts Iéggﬁgl:to}srba‘ﬁgre IR &I Q&de@é]blet he conputer

i s ‘confl gured | ow vi sua Fr esentation of

[OQ?ﬁi hé’?‘rﬁ'ﬁ@ @mlem@mtat'qrbﬁﬁ GoEnRMier medel | lsrﬁoé igerd e alpyhyipsl

rep&?@ééﬁ@ﬁf&n‘b@ﬁiaﬁ@n@aﬁlcal%kﬁ@&t & well anﬂté?lle@elti%%rﬁﬁé between variables,
processes. This visual resentation includes

pafpaeTE| e Hdasie RopCeRsRe | HRUE reRraseiaiion inflaes multiple

mcﬁiﬁ%@%‘?ﬂjr{cﬁ&% BRIas tﬁﬁﬂﬁll@é\egﬁ%uéed @bgﬁep OERL St B04EE BnpRx model
bi ol ogi cal system [0074]"I'n one”i npl'ement ati on,

Of%biﬂﬂgé?@ll é\f‘ﬁt%del i ng softvvare is used to provide a

gp% Bfie MSShentStich, smﬂ.ﬁat%‘ﬁﬁﬁéde@ﬁ? sbﬁ\tve“e% udddlto pNQnde a
57, 255, 1ssued A Hi er ar chi cal

coer@uebgioéau elgbd?élqeﬁ@f't@?ﬁ s Aid. N;@tﬁh@ﬁi’ 255ussuedv/a\t19 1R 1997, titled
Hléra?’%ca?hﬁ)loq\gaﬁe fd nﬁ?%%éys]té'n ahd Wthdd" tU%d PaH'N%T @%@B'qul issued
P

Bi ol ogl cal st em and Met ho

Seg, 51 9@2@ed,l§|§(pé@h iolggical Mygigling $th@6 a”N/MEﬁW OLFJ S. Pat. No.
6, 0@@@)@@@%&6&1 @prDlg’@O@M tftl%ﬂ I@Ie%e%‘ﬁ'@éné‘aﬂﬁé @tDl }MBFj@lDynamlc

i zi n(gell\lo e and Link Representations

Serdathp Madel sliitizing Slode gnakink Represpptaiony’ UI%(E’a't N)EQ ﬁd’@%ﬁﬂ
|ssﬁ‘g@ﬁa?‘t25n90(§*3 @H@dﬁ'l\ﬂé‘th&?& GehdHHY &D%‘p[ﬁvlF%? b@g/ %ﬂ:eélmulatlon

[ 1 zi ng\l Node and Link Representati ons'

MOIQ@' Uizimgeonteoand; Ldnk Reprgsentations”: 268 0Patt Nej ©@78, &mng@Jan 25,
2064, tlwg@wwﬁ%o%fmgﬁﬁ%t%’d@gﬁé ﬁéraﬂt&%l@_@é‘s‘oé‘éﬁa@ With the

oj ects W Si nul ation

OWS Wikpin a65igwiation dlodel stV ivayag o Q(@@@ 6291 '[515@9 May 30 2000,
t|tled\@fléil‘?6’d of PrB{'/leYntb%lc@gssﬁ%@ﬁécttﬁérﬁét@%twm% ABBlaBon Model”. An

hin a Sinul atii on exanmpl e of simul ation
examﬂéqu ﬁ'@%'pﬂmd@“”%s@f%ﬂﬁ@l i5 fgung ig U.BabPat. Ng. 6.878.789.739.

[0d7@?755ar|y§§ DRYFNE S B Bstab |If91§tré't§@ﬁe Bhanhié F@étfoﬂ%l‘ﬁpé Ql%ong the
dynam ¢ rel ationshi ps anong the el enents of the nodel

elegfentsef the Byorlekaf $igrespicatam systeRI i @e RS & itatip diagrams include
Effdb AR h &S/ DISGams.
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Ef fect and Sunmary Di agrans.[0076] A Sunmmary Di agram
can provide an overview of the various pathways
worp@el1e3s17 n t he net hods and nodel s descri bed hRCEU2007/063220
For exanple, the Summary Diagramillustrated in FIG 3
[O(ﬁ'%rv'A@&nﬁ@rml%ﬁé'n?%rpﬁro{?i% I%Wérvtekk%f tﬁ@Oarﬁfuts%%Ehways modeled in
nonary function, as measured by
themg@pdwa@damdﬁlg @Iem:r@@ri@@rqm nker QX@fﬁpiﬂ;IThﬁ %wama%lalag@sn illustrated
in If’lb %qﬁom%n ov%eﬂ%ﬂb‘étﬁ@ar@m {catnrfre'bteﬂ)lﬁﬁ@ﬂér functlon as,

onponent s of enotype t rou use "state”
m&@ﬁwreﬂﬂl\lrﬁﬁ\'ﬁonTherﬁimaWé@f ama@talwyowd@ ligest ﬁon@HVIdual modules of

thet th(‘Pél g I?hf} Rfody n%de‘ijtr%grél%mtdo%p@ﬁéﬁWoﬁﬂ‘lgtb‘H%ot%J@H‘ﬁough the use

conpl ex a dynam c mat hematical relationships ft
of tSF?ée Vel Bunstien’ eedes whese rekadioph aiegtsjiped Hireughdlse uge of
dlab?ﬁﬁrﬁﬁ?t?ér?cﬂ/v EyniSol&!SEhus 'fHeeéUM@f ATEY '@naﬂl@mtame%arﬁ@émglﬁtlonshlps
nor e enoty ]Joe can be represent ed.
forgthg éaftouae&gmﬁs efdhe phenrptynesar aleaﬁlé’p”ﬁé'%ﬂ'ﬁtsﬂ |'rb@1 UéfPr-ff'Wé“y manner.
in FRABLRALRRGART oS 4B ldeAbrokbifody nani ¢
rel ationshi ps anong the elenments of the nodel. FIG 4
[0077] udrEffest Diggras sapbe ayfsuahrepresertation gfgthgmodieheq/\ml@mﬁ and
|Ilu§ﬂr5t$@/e %Hléjﬁaﬁét%ﬂslﬂ aﬁ\bﬁql@\bé e‘?{ﬂqg’ﬁtg ofiheGh&yel ABM. 4 illustrates an
shorteni’ng are descri fect Dlagramis
exgzpgamf 2e &MeettlYagraauineghich pirvayelbstisishon ancaisvaygmedih muscle
(AW?%&feﬂM%%‘#? HQ%‘?ﬁ)Qﬁr ThE BFE&ENgrhRSs g?{{ Qfszegqm@lnﬁ%jules or
physi ol ogy o e enot ype belng no
functienad agasd. Woiak whemn gméé tegeder rersesriviine |éTQGtQ@@D|eX physiology of
thevﬂ{(fné%g%anB@NoJe%U esent and their location in the

he arrows and nodifiers show the relationship
[0Q78] t 1Rdate mad E&ungtien nedrstshew the daxes 6f betvariabiexbey igrrasent and

thdiMEcAIBH S the%&}e? Waﬁr%éﬁ@ﬁloﬂiﬂgﬁ%h@/ﬁ% Fé?éltoff\‘smptohﬁ]e state and

paraneters and equat 1 ons hat are used to conput e

fungfien, eedesfto pier 09¢¢Sa%lt%theﬁé0¢eépﬁ@é%ﬁ'ﬁd fuﬂcféqmmd@ﬁ@dfo Contam the
pat%mér’s %Hteauaﬂd?\sgt%r@!]%qb%mpﬁte tﬁ@%lﬁ&@%ﬁh@'@gnables the

function nodes are represented according to net hod
FeRﬂ@%ﬂf‘l‘ inge@ulatediexgeripantenin seme embgdigsnts, tatérﬂnrjtfll"é%lon nodes
are M%Fé%@ﬂte@facgﬁrﬂfﬁp% kHROm8thBY %Qé&%e& W U% B}é%‘ﬂ\lﬁmber 6,051,029,

Sinul ation l'izi ng Node Lin

enfitleg Methadaf |96n@ra“ng% PSPy f@&@@pﬁﬂ@@woﬁlmﬂaﬁ% Mgdel Utilizing Node
and HIFm?WébPeé%ﬂ%%én@f FuftHEL D@ YERE n PRINCYSN AEHEERe further
State nodes are represent ed by single-border ovals and
dispusseddelw.vari abl es in the system the val ues of which
[0CFOf @%t@rn%&eé#eméprteggnt%‘?}'Eﬁi!eyt%n?érfcﬁﬁrs%ngfrebrﬁg’éﬂt%arlables in the
over tine (see, e.g [ nput” refer to an
sysigmathetvalues RhwhichRrafietempinedby (herquanlialivp effagts ebmevispver time
(seké}’ elN& I8 At €1npAHSetel @ ang kA &er thaPsHN difdkt lﬂe%‘éﬁétﬁe BeiA§
@ﬂesentl n?eet I ssue 1 naCtive macrophage can
g starerqde: tFieegxampplecinpetfpad pliatp nqﬁ@d@pr@éentmg tissue
ma'gﬁ’\%)ﬁ%r% haq%t ﬁn%mg&oﬁﬁéﬁéz%cr@ftﬁeﬁlﬁér'&@Qaﬁ’ryg inactive monocytes.
feren equati ons redefined paranmeters for
Stﬁe @P@ﬁ waluesdereidefinediey dlffgrenhalteiqaﬁthml U&erPseefippdiparageters for a
sta%é ﬁ‘&déslnclh@e ﬁ@ﬁﬁla?\'im@@{ﬂ?gﬁcﬁts ShREE INOSRS eMBBdIRRNE, State nodes
ife t hese enbodi nents, a circle contalnln
Ca%lhaVEHi hﬁ'&"fét t'rat’fﬁé@l eﬂ’@oﬂ'ﬁ@nﬁ%éé'rﬂﬁépni@ﬁ%ﬂ%amé‘i fis ﬁ'itff%‘ed to the
no&@@%pmagyﬂgﬁ lifgn nodes are represented by doubl e-border

oval s and represent vari abl es
[0080] 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 inputs. The
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in the system the values of which, at any point in
time, are determned by inputs at the sanme point in

W@ peve/108unct i on nodes are defined by al gebrai cPCT/US2007/063220
functions of their inputs. Thepredefined paraneters

pred@finé E)#Qﬁ%ie?Qfo?%q@ndtlBﬁ lhBg&inchae |tQ 'lﬂlt'lafl‘l\/alﬁé f(F"'o ahfr 9%] sBAR.

Its status. Setting the status of a nod cts
Settihg thastaluis of atniede goeris hewdea walue pidte anﬁ%'SsieéﬁFUEnQQf Te!i‘e status of

a s%t?‘b?fu‘ﬁ&lcfd#ﬁﬁfe' &R %Odlg C‘E)ﬁ{buﬁfd &) thm}ét|§galculaf3ed)astdqt%sult of its

uelscacuate a resul of its inputs
inpgfse @) Ppeafiaddaicked. iie..éhe valws\r@ﬂm@nsﬁanﬁ@w tlmﬂq@t%)rﬁpemﬂed Data,

leoi'f@'va'ide'%rleé"(lvnﬁ)t m%%fcbai Rto R Rfinkd Bata dolts.val ue
varies wth time according to predefined data points.

[qubsﬁtatstaad éungtien NERRSt GaprAPReAERoEdhamppredn thrmedylpgipgram as

aliSySes N Al SRAUE il AEA) G & d%%d(%ée Yl %tM%SASM

are i ndicated by one or nore dots (see, e.g., state
comgagdle sigviuso it 'f@cf”) | State aneUfunstion noggsare 3iso defiaedbithgi
poé: H&F LitAedRAER ﬁfo@vsain%%ﬂq&frfoﬁgg é%%eﬁﬂbeéltrhepé’(%r&é Rdbes (S) or target
respect to arrows and ot her nodes,
nO@#& (H'ér Sewge edeforredoqadyd arthe tilg of arﬁ@mgnq tﬁyget 8@8@5‘0@3 located at
theﬂt%@% o%Fr‘ko@CﬁBg% &n g %etil@bt n‘*ua@tfvef"Ir rows and target

es are | ocat at the heads arrows. Nodes can be
[0082] | Verogss “Phé@lﬂﬁCQQOdﬁfﬂ)@zipreMQQ?ﬁ@np|r$ﬂ><r esenl theempheaatiea
relétﬂfngﬁlb DRSS RO Hol &P ARG catnl'l?e IgBéIQ(? 0B icrab that indicate the

rel ati onshi p between the nodes. Arrows can I abel ed
actiity 9f theragioss A Keit toi thelperatatiangdn Hetdirglesys bﬁatﬁﬁ@ e upper left
corﬁek@fyeatcﬂ rﬁ{b%l@@ﬁ@%%é QP3N éﬁoWi‘ﬂ%d% %Sl‘oe%]e' e“ﬁécpi‘é%sl‘ﬂvé Nif the
cor ner o each nod Di agr ans

arrawh 'éé‘@”@"t‘» tee pifert is troadiye. elcer fU@hE}j@@rS‘t?rl ign of arreww&ypes, arrow
ch%ﬁ@%ﬁ:@daﬁosarﬂ?/\l/ E%tloﬁg‘%egf(—‘; §cU.$ SPeﬁ@rgfﬂd %5120, U.S. Patent No.

further descriptron arrow types, arrow

6,06 &28cY & iPatang §o.. érfb'l’ 837r3|90%\7‘(éb| {Pagans Nos8E39.84. |
[0083] &Mefd¥ing 'é) FQ@14 DMy dbsBuctoAtpatailN yc@n&ﬁ&noﬁ %no&fh%ﬂuscle
Pat ent No, 078,739, and U.S. Paten ,
Sh?@’@"ﬂ) CW@p@ﬁr{@ ﬁgf'rtebr eppigtony fungtippeprefgrbiy %ﬁ:mp@wr% Qy FEV1
AirfhaY Wﬁé/trlfbﬂaﬁ'tsrd hbf drsimal Qd&‘r@?ths%uéh&ﬁ&%ﬁ BitlaCRBI QAirway
to"define respiratory function, prefera as rneasured
musys ety is aguneiian obbe MONUS GRCTEHOmand leteng Hlg clgprengss Mucus
se&gﬁdms Gkboey %yHl}éUQ})rcﬁlﬂg‘ucﬁﬂ' BVVRYcUEURAs dNd" MRt E‘Hpglr%nhl@ release.
turn is a function bot h nucus secretion and | unenal
Mucpg pecreliana naleneis r%&%tgd Qé@ﬁ@f)r mere of sybslapeel. Pgstasr ggymase,
| ,
nisBR Sk B UGl BRAR SRR Se 05, att S holine. Goble
celbgrangieeelefsesia besransise R o @rsn@z@e)f adenyasinse ECR, EP&yERN, IL-1, IL-8,
r i \
PAE’EC Et@qé(’: Eg&gﬂ@!ﬁ%@:ﬂﬁ%&e C ﬁ o’lléﬁlrrg% fééc%céplcgfd ?éjrgldg%bs%ﬂge P,
elajstaspm’ﬁymaee,tanddnﬁamrnermh@vayfedadmnssdamed bf;‘z(ﬂmd iER@vaEDdsue. The

e 8 B B s 5 My vt
cleerwtaalsael,yrrm)hdtldqswtemm Glarahice\say tisslenfluid s affactse dby igsue fluid
pressHIJedand?rrl(%l‘lé;\}oaé/te o" fidi (lj'?rpm tﬂg tlgu%' tg |Xﬁ)vhe§\lhlcrﬁ |9td’r§%u$fﬂe ?e% by the
prasktiiensid e bgtwebean'way bsstub@nkjymmwwhganslymwmtlp(deeaeahﬂme The flow
o A bhY Fali B ST Holld AR e BIGTH For
betwteieo the vasculanand alat/éyetlrtseels byd toheaspulesgarmeallifiyp \iastuleren
wefRhoali] % o R0 ehel S G o R S, ey

pI asma to airway tissue i s16r esponsive to the pressure
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bet ween the vascul ar and airway tissues and to
vascul ar perneability. Vascular perneability, in turn,

w0 200raepshiat ed by one or nore of substance P, nRCF/OK1007/063220
A acetyl choline, CysLT, PAF, histam ne, bradykinin,

sofifBulfE! CFE1O PP s E R PSR FERS et Rt an

theafraoﬂaly obdesmasitirat @ZI-AR/agomrstGasemmre r esponS| ve to the

f he id ,
(0P AR LsdRR ol o B arhesoar B R Ry o
epuﬂnelrll?amellgoﬁleew p‘re%dssdiarggtﬁtc: rl};agrmyllustrlailm guithe il thietyreAmics.
\ S, a r e
AiriBy 3R odts bEEME LAl AE BhiaiGtels s BobleriEenypisign rete.
Gobelt kelhgbati @t & aﬂimdlshpamaillylreﬂ)oaslvmm gbbletcet! esppapissia end

hyé{%%&%q&ﬁigﬁ%ﬂ%a&&sﬁ?’zg8{3? anae I(gf % Illd‘-gg IlI.ﬁE,’IL 6, ILI4S'?ssue ROS,
TNPFapwnatglwocoticdid steralds. Wetye g@ﬂlﬂla&bn@ébbtﬁ arady gobleayells and airway

cigiRe calaEFe5 3¢ Her R R ShBrt Pl o gnd th fracton of
defl@fedcgith€ini. MBihd e of dpithelall ehefdireps Féupbhéive amﬁltdelngn is

de%taﬁﬁ%qé'nﬁ@%@weﬁiﬁég TGRS it o e cRECPEBRO! EBRY, MMP-o,
elaidte Sepith bias ViBFean®pietnee ROE P RHiedhdt R effedRidFelated to ROS

f ct ROS . ef f lated to . i ndi .
oo ek R ESbel BAEDREhS ESEABAAT] e
epntrrehalokhetjdlag rétes,afidcegridctidhe pichbig biatd mebaadiongirwal @8l tissue

o ge A e T i e DA LSRR et st oY ot Blihrein
actpaitg) totav €by pﬁdcfuetbdrSar&ItotaﬂB%b peseictidn. kal i krein

(odhB) 1 165 S iaateS ey Sy Bt by Sl Rlial S s stls. For

ex@‘ﬂﬂdut?]t?leﬁéctblﬁ e@ﬂhélIﬁebellqdoparafllc)mesrsweFl@eJ_arhtSd biroothexaapgeblet cells

the e ectlve it ce ul ation, a

and avakeiEn By ok o Foes oap Bl B 98] GHASSF L6, TOF,

eofébdnl mtc@dalt ﬁ@démf@é léHdo%lnh 3bmbfpe1t:tl\ﬁcp@e E/g}gzﬂm ‘TfARICS)taﬁH PGF2a
: - , eotaxin

pr%’h‘@%ﬁ”ﬂ Sensary ”erVW@IDt'\!Lty ag[gpresentadiy, C‘Iﬁm aCT')ﬁlR@”da‘?Taber activity,

aﬁg@ﬁ?@prBHQ&féﬁtdf ABuroRIRMSRTUbBERYEP 3Rl iakbiydnolfte.

r epr esent ed C-fiber activity and A-fiber activity,
[Oﬁﬁfeéﬂm’l’v‘h éoi‘ﬁftﬂ‘él@@tﬁ aiunstiomelpelemeunt & ainygy SMeRtEmps@ad
sh&fing, SARhiiNRirn [HR88dnsertva¥ws P 8sbbthGhiiRR écﬁltr@ctlle stimuli and

function of the anpunt of airway snooth nuscl
airgpy pmesihmeusclehieEation stiml. A wey Spves Wésql%cg?t%‘ﬁ stimuli include

oné BPRbR: HRRES EmEMAEAGHRE] ctﬁLth emamenﬁndaéétmmma MSkkine, TxA2,
muscl e rel axation sti mul Ai'rway snoot h’ nuscl

PGEenor BebRI eeusokinin A, subﬁiam@e" awéb@dykrolne C@htrm stimulus is also
| n o)
mcﬁﬁéa{&?maﬁlé 51%( P&%’[%@q{ 2%5? mtgzléf%r?g %mnﬁ]AAlh&?y smooth muscle
relaxabist atmeli Rcladd Bbf-\&ja}gqnmt PGB rind dlng iraaion tof dedansitized B,-AR
<o 83PN 3 by AT B0 g by e cr s
GM;—OSIIFutryptasmIluﬂ@nb%tétﬁeraggahmta. PGE2, and the f r act i on
[Od%f7i| dFﬁ(?P%p}lh%’[fa?%suﬁégﬁ&%o@d&%#géﬁ%gr% |c%1n é:rf&% IFrg[{QI’?ry embodlment
of e invenbion. Cﬂbﬂe@Sﬁamtcs)bpgla%th monczzymnnawmés&s mrhlcgaﬁamits ina
po;g)ﬁgt?oa of |r8§|at rg[;' H}éﬁg F’rﬁ)ﬁn%é)étgggﬁéﬁ% ahBS{?rﬁdn%E}ﬁgg ﬁ e recrwted to
theTrbeplda}orarsysiembbgmanmmg tud:sueommmye edesphbggxoi Wahis the/\musplmtory
results in a
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popul ati on of circulating inactive nonocytes. The
circulating nonocytes are recruited to the respiratory
W@ yramsibecon ng tissue inactive macrophages. POV/UE1007/063220
the respiratorysystemtissue, inactive nmacrophages my
Hg8ue irlchivd Madobhy G te RELHVE FRicMSph
S R o AP e AP of SPte RV ERcKBh8Ges, ana vie
verapo Potisedive gnd wativeovacrophades dan rbneﬁ@me preptaseshar earempve to the
lurhiRg RERIS GdRite RBHS FTPPMQ&% AAVARA ié Fegulated b
! (gé AL ,p%g, TNE- g0 areabyone

reg ul ate one Oor no
or @IVFGOSIFIL 1CEFcN-Y atfi-ge@M-GBF | Goa matigaroigE interegfiomnt9l and B-10.

to . :
o S5 B0 Bl ik o SRR LI BB tr.
Cymbmsmtéatmgcapou@swwm@e V98; 9, RS caturochdiosstenoisisdgnd/or FasL.
Auﬁ%ﬂég%%{fﬁgirs Fﬁﬂﬁaggrﬁ]Ls&ﬁe@gt‘(%ptb?/%ascr%&%ﬁg%ér&'ﬂnérﬁ and macrophage
activatiov.aMacrephagesraop hibgtestodlomtotal ipcadsictian oﬂwetcmtrmre of IL-1, IL-6. IL-

8, {1 A SRR Ao ST BB MpC gk, flabf feadoligid, pip- o

RAMTES, MG ICP-MsLT ATIMRANTES4, MBIP-9, ROBDPSE?2, P2sRTPGF20,

TR B Bt d PR A ieh ST S6 MAHe O SO R G

redMé@W@@@@r r'nérer&gILLH am_ezll IIDB mmengs 0y, ¢ -00, |L1431TN|= -at, IFN-y,
| L- 4, IL-10, I'L-1 3, TNF- a,

TqFFﬁ\I—Q}JV' C&Fepnd@heIG\AP@ﬁi Péﬁdﬁ@'ﬂ%'l' hiadyisigirn acetyicholinegamnd) |

glu%&g’bféﬁsf@r&ds aa%%e‘él:r‘?d&' Rz and gl ucocorticosteroids, as
describ in FIG 7. %0088] FIG 8 illustrates .

[0Q8&L (Eﬂ)‘ﬁﬂ%@u$té9é$%mﬁﬁ"@ﬁ aggsregruitment aod fupctioneigagrasyte tethering,

mdnBENE 'ékﬂ?zﬂfasgﬁﬁ?@%% %o%&;ft@-%ﬁ@?&hél%n D celPRfhesion, Monoc¥1te tethering is
nmonocyt e- endot hel i al hesi on. Monocyte tethering

reSPeNYINS [0Sl yenare OBMQ/WH o pelegin, v@xmsﬂectlE Yeneeyte ﬁxtravasatlon

| | €
is %@te% tﬁ&%@ac g4L % @éﬁg éi\i\ﬁcﬁ/cté R/PP Iqﬂapﬁ%\f:aféﬁg EHM RANTES.
Clrl?dﬁmlgamdnm&ﬁpr@sroéuht@gnmgdemmedgas e4 irdegineis $heafigures), which is

oo A oL AP 5 RO S b Al B2por e

flg@%s) Whignd act(vtad;@ruyl fTiBad R&\NTE% NG 8aCcPy ardl POE4. Actlvatlon of o4
gures), which is activated LTB4, RANTES, | L-

mtw 7] cgwémp@wmm{pﬂyéﬂ lagﬁstdﬁlo AN g@npﬁytgwn C|rculaf|on permitting
adSETGH toadniaetheld (cBIIsY G i srPtinte§him W BB afBANRRYICRM-1, also
in circulation permtting adhesion to endotheli al
arrggl| menocyiesi us Pemibing Bdhesieneefrihesmopaciemisi andethehal welih
[0089fMFiG. 9 mhﬁpaté’sf hﬁ%ceﬂ‘b@@@%&ﬁdyntaml@s PRéE H}/ﬁatmlagbe%n with cell
adhesi on of the nonocytes to endothelial cell 89]
pradugliony whighijesuiigting Pradelieneef cirpepincinpeive dRarheltss . Therdrculating
ma@%@l@‘a?@ rdfdied téﬁ"’tﬁeﬂe§&}dtor9 QSR b&bmiMGtisdueriesald §1a%f‘cells
popul ation of circulating inactive mast cells
VV'E“i'rP @erﬁiﬂ'rﬁ@%&é&terﬁ dppue, fastivespasticeliyimay chprge State to aCt'Ve mast
ceITse§ﬁ’(‘J ik %ﬁéasB%HﬁéEBtva%ﬁ@maﬁﬁ’vé MaSIUL I Bﬁf%édb%e'%ptosed or can
ls. Wthin the respiratory systemtissue, inactive
m%é‘? thedvminahiyjd apgplgar e sesrirgtorysysicre. Mast c%l@]cpgatloa,ﬁsaregulated
by ¥h& Br HRFSEr PSS, hL—@%hd’%a@%ll'tﬁﬁﬁ@ FHI@ FU%ﬁjwaF Q\Mé§ c@l@ﬁpopto&s is
becone apoptosed, or can nove um nal fluid and
reguaieg by M@"'quéﬁzﬁol‘@?% By W&\ g6 @bhaUW&@ﬂe f?équS a@Y‘PVﬁ% Eﬁgulaé'”g
apéﬁgérlé ﬁkﬁféle@!uc@ﬁ&h%sté@fd@ Al F%’QEZAut'obnr% agptosiR@huBedd is
bound E-Rl signal. Mast cel optosis I's regul ated
meglptechpy Bast it @%P'ﬁ@%ﬂte?é‘d\ﬁép‘f’at@@ &?Sbﬁﬂ”&ﬁgfﬁ%"qt'%t'soﬁ%mate‘j by
Iu &JfﬁdT?rﬁ TRIUbaRL, gﬁbﬁ@oﬂt@%&létgﬁb gﬁjl%OCOI’tICOSteI‘OIdS Degranulation,
ucocort ‘cost er oi Fas Aut oCri ne apoptosi s
regul ation is
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nmedi ated by mast cell recruitnment and activation. Mast
cell degranulation is regulated by |lunen osnolarity,

wa@edwnoeisne, SCF, b2- AR agoni st and PCT/US2007/063220
gl ucocorticosteroids. Degranul ation,as represented by

as gﬁ&&s&?éd b)glrn%‘t%eﬁ g?aﬂum as@fgf%%fsstottapﬁ@ anNeStcﬁ\%%Qs% and tryptase

nmase and uction. Mast cel
prqd@cmcne M@ﬁtépllqo@mm.te hetotaltrrodugson gt legst ppe gf ILtELJleG IL-13,
NG O B MCRRT: GIKT. P2t bsina! MAE anglcbleas. I
prddioetiamn mfmduchbbﬂwss@medmﬁirs be nest ceﬁlsnsa@lgumte&tb)bgnewren@e of -AR
mare of b2- AR aqgoni sts e desensitized fract

oo R GRS 7P BRI PRI SgTIR SR G0 SUl<BrLcoRggroids. as
desteided ibrid.i1p. FI G 10. [0090] FIG 11 illustrates nast

C nt as unct, on of st. ce tetherin
o FASTTH il lks B8 teh il &t linitiof kil Spheiho, mas
celC@ktiava@hbﬁl et mbBtsdell @@bbthbiedl belr adi@siodn. NeRPosIBtettRrihg is

ectin

> sel ectin. ,
reﬁf?ﬁ&%"’%té’l ‘P” %m%rs?%?@h E%S%JF‘F@C?B%P ?eé E‘aﬁ/{aﬁt C%Urﬂ%”i"asat'o”
is éﬁé@t dotaxif\MCr-atdraRANTES. Adlitetbhni oF od4nnt@gmo|nrt@ﬁﬁmnon with

M1 arrest mast cells . in circul

Vol et epiTgasi RS NGircylgtienersmiEng afhesian 1§ enggliplpheplsn Activation

of @3 mtt%?grlhnﬁw%ﬁ'lb‘ihatlbﬁ‘ V\ﬁ%ﬁr@AMa‘F R0 dMdshmb &4, thu@bérﬁnttmg adhesion
arrest mast cells, thus permtting adhesion of

of thgdnast epllsdtorepdethalil Bellsi al cel I's. [0091] FIG 12
[odoh| Uﬁéa‘tflﬁu&%sr%%molphPB@&UI&Hn%nQMQ@”T@dynEHﬁCS begin with
dynam cs begin wi th eosinophil héematopoiesi’'s, and €os
eosipepilildematondirsise @nd eqmreagniatien thereof whigh mRsplis | e @@Plﬂﬁt'on of
cw&JIéch@ll@édthQ ebdIRGHiIY. eTﬁé’%l'rd'UPﬂiﬂ?le%&ngﬁﬁls%'ré Fetr @i the respiratory
eosi nophils are recruited respiratory system
sygiermobeaaning tssye inaghye pesinanbhis. nWﬁhinltge ragptrafory gytem tissue,
ma"cf*?\%oéd'sﬂ{o%ﬁh's MUY LR de Sist %o abtN@GosHEpIHRSAMPABE SrsHBBoth active
e state to actlve eosinophils, and vice versa.
an‘Bﬁtaﬁ VR Qsi®PAIICaTRASOMPPBISAdTICRE MR (o hedyminal fluid and clear
the@%@ﬂFa@&?@ stBh. c@%lrﬁPM?aét@aﬁ&ﬁs ré’gﬂ]lﬁ@éj b bHE B AR & R 1L-5,

he respi rat or em EOsi no activation iIs

TNFe guBHE A Oyl S bromcéin GG E0SoMNFpRIos\S GSRlated by

1= f, I
varlédajg%e/gdgl}nseélag V\keg grbgcatu ﬁlg@\%}&ﬁj&)y@ﬂnﬁ? eui%ﬁlgg apoP OSIS mclude at
Iealsyormjmfd?ﬁthelLf-@cGM{OﬁF Qy-Bofitiroressctin eGEF -t BAYRagopiEDSI S
glulpgéérrgcgogg E)Idl gr%iéﬁa (RneEq%%oR@)geg%HmI%Ion%e%%Bted ﬂsy §ne or more of
RA{NTlE(S)@@DZ @(M:t €6a] 1t;5, AN -d;a6N-C 3 B AEpagdnist and antigen-IgE.
ooy B 582 e e LB Sl GENEEP, P, eon
an@od MBIt prgéuctiba. EEoQB@BhﬁI@ gbatkibowa, to &% toep pesliactiondfyie or more of IL-

5, Efu Gt AR I aaGELESR: rebe R f@@t#%af?%z PAF,

RAdEnd @&@iosiﬁéodﬁ@bk&ﬂhcﬂﬁn @flla%cﬁbf ﬂﬁ'éé@ n@fdldtérs b?’ eoélho;ﬁhlls is

IL-5, IL-9, IL-10, IL-13

regrietga-hy o, a1 orepra 1, Ibatd, 'Lﬁ&f@mﬁeﬁwbﬁ&’f ﬁeTNFrHeG'V' -CSF, IL-5,
Fcﬁhﬁd@ﬁéqceﬁuc%t RARNPAE, é?&%ﬁ%%%@é&or%{s Sﬁ’&lr{é%'éghsﬁtuzed

Is re yone or nore of TL-17 IL-10, IL-13,
fractmrairb}eéﬁ agonBGreceptorst IMF-deagribBNHICEIG. 18L- 5, FcERI I,
oY P! RO ot iy B A dnerg
e0$|emﬂrmterxtreyasahord€a®d reobiedphikerfdothelidlZell [ae@qu FE@&indphil tethering is

res&c))ééﬁ‘é {oﬁ(gr]ee (ﬁr'e %‘PQEAM { e§1£9éllle£tme %d %Sse?eci HnR/Foln8&/t(9 E}xtravasatlon
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eosi nophi | extravasation, and eosi nophil -endot heli al

cell adhesion. Eosinophil tethering is responsive to
wor®70038tbre of VCAM1 , E selectin, and P sel BCT/U8007/063220

Monocyte extravasationis affected by at | east one of

BRI o e AT SR B TR VB S s

Miedsi, RAphPGH2eamt RANTES. iGitcalgtingeosiopbiis esoraszet iy mtmmnbwhlch is

2o ptp 5 2 E0 PP G R Jspi WGP S RANTE et B tispn, which

is 4ShRate@ Y AKieAst drle-d¥ CHMLCELtExin RANT FEP-8) RANTES! lacdddrticoid steroids
anqjher oi ds and b2- AR afgonl st. Activation of a4 inte

BB ASORRL ATINGIE HOEARICH TR T O RIS R AV Fifest Sosinophis

in &%cﬁ%ﬂb@bé@rﬂttlﬁé%ﬁhééém@ aHAbgRliarelQ &Hﬁ@ﬁ&%f'[@'mt@&ﬁ $n
Activati on of |ntegr|n in conmbination with
combiaptien with &%Méoglﬁﬂ SpRSt eosinoRis, uisrerpiting ashagien @hth@f

eog,ﬁgprﬁqg% Q,quﬁnp,é|,§| dasendot helial cells. [0093] FIG 15
l'ustrates basophil popul ati on dynam cs. The dynam cs

[0%3@@ G 15nlIlwd@éﬁﬂwbasomhmwﬁwp@gv&ammwa dyesmiaspeai with
basPpH |h@Ha9fbofg3|sCWﬁE;leé’stdth% L BBStiLHS cﬁ%ﬁ@lﬂ@ﬁﬁgﬁna&b@ basophils. The

circul atlng asop Is are recruited he “res |ratory
Clr@y%ttn@rhasaréulémr%gecm”@é&@theﬁaéwwam@ﬁ@@@hbﬂe@mlw igFuR inaraive

baéﬁﬂé r@itRinYh S Yesh RStk @f%té@n tlééﬂjé hb(\’tﬁ@%%@;?fﬁl‘sln%mﬁén%e tstﬁte to

ange state to active aso VI Ceé versa

activethiasephlsdandhyies V9Ea. bﬁ@tﬁ‘p’dﬂ’“l’% a%waat@/@dwéoaw@maa%aom@r
ap&&BséH)\S?céerBO@td tHQ‘ILﬂﬁ\halfﬂuH £h Pk Gh s pir-dery sys’iem %asophll

respiratory system asop activation 1s regu

acWh@m@ regulpied dy ehepamorg pt F3AF |1L=35 .-G MSESF, ihas et hound antigen-
"’\’[H'ér%%ﬁn allw@EGFTﬂ\IFBé’sopml Q 8§?§ is"e Qteggy valous cytokines
Basop% y cy k

apoptosi s 1s regul at e var| I nes
as avsll e by agtochipe tagtarer CW@krha%teguwm@pwommcrueigmwt iLrfy GM-CSF,

TG%P[S@;H&%' rtlb(ﬂ&afég(ﬁd lel‘nd?”r Flals %SLegr %tl%rpls regulated by at least

ocorti Coi erol
ondegdé(ﬁiﬁxlh &RAN‘hES,SMCEg’uII\.mIEG ble:Paat Vieakd, Gﬂmeb@éopelbbatmchE RI,

LGP 16-pLatd apeCEE Deoftipiator as e aattay Blpssopnil

grdﬁew r&lﬁabata}f?ﬂts tetal hilelplhﬁa&embh_ 6Ld;t|by B@@@dhﬁs d_congitmltwioeth% total
t t t t 1.
oG S8 of B Rl Rl I M AsHeRE TP TBE Wiidfion (R g tese
mddrl;a‘télfs id deg_ﬂtlaiedabycb_ ey Infore BhE3ar ©FHY ¢II-BpIII1—5)ﬂL-eﬂGM-(Cé§F,
t hes l. S egu r r (0)
oeaS b0, IEB-1 ol NG Yo 8 b PThaerla aptpar, s

deddoBed in FlEDtaxi n, RANTES, MCP-3, MCP-4, M P-la and PAF,

oL 5761 1P isuieemanorirogh it son Rnetdnbtpmipphiefbring,

bag@hh exiragisatias @pdm Ibbs@hi”eadai&aﬁal el adtiegion. Basophll tetherlng is

rePRRSEe ok SPEE andister. felegtind HaRRp Bl wsag D fs Arfecled by least
on@@ﬁ@ﬁé‘lldoteﬁdﬁ nagagaerin m/I(BB-3af\/Im’C4 el‘(lile’Voc FGh2asd RONTESE

a, eotaxin, |L-8, MCP-4, MP-1 a,
ACV’@BQ” shet P%NTESS” CQ@?!”@H‘?W Wﬁh M@AM'F" iaffleggtﬁsﬁph”ﬁ in circulation
pefrfiRk réﬁhéé?&l W érﬁo%%ﬂc%ll@r,&&ﬁltatl vo engoéwﬁ M cp mb|n |on with

circtlation permtting adhesion el |a
|CAdt i, alspianiesopasiophiisn theigmiermitting aglbasipm at thevasppttils Fmﬂcﬁhehal
al so arrest basophils, thus permtting adhesi on of

tshe basophils to endothelial cells.
[0095] FIG. 18 illustrates neutrophil population dynamics. The dynamics begin with

neutrophil hematopoiesis, which results in a population of circulating inactive neutrophils,
20
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[0095] FIG 18 illustrates neutrophil popul ation

dynam cs. The dynam cs begin wi th neutrophil
whemwatese! esi s, which results in a popul ati on BET/US2007/063220

circulating inactive neutrophils,which in turn may

Wh&h%ﬂﬁnﬂ Cﬁaﬁ%ﬁ) g’t%f‘eot%ee&%é\é@ti\fé!(ﬁr%tﬂlaﬁﬁq H&Jtl%%Hﬁsr QRfthih She

hin th res rat or {Sten1t|ssue, nacti ve
rea@éatormtqnstlw @ﬁ@\w@e@ rephilstroayseienge siggaitorashe neutrophils, and

wc@@grs‘é' BottY &étvé- an@%Jgn@&ﬁél}fl%pﬁr@cdnrl?ébbfn\éeap'&ﬁfbtsé@QJFicbﬁf move to

can becone apopt ose or can nove he 'I'um nal
theglneningll Bigid aﬂﬁéleaét@surewr@fqry §X@‘PfémNeNlBglt>h'kﬁﬂﬂV¢t'0n is regulated by at

Iea%@{yr&@t'l"w %él\/\‘égg#' f_‘tbegA*% Z%%égfbﬁggf (Nxzntlg@n IgE.
Neatmopigleapoptpiis ideagutatgrhby vaxpopmt@k@% 8s welyab ay adtowne factors.
Cy‘ré% 8 8auf Lﬁéﬂn pﬁggssi@?né{ﬁde Sor W@ RET0, B IRH ALE: LTB4, 1L, IL-

I'ng apop osi s 1 nclude’one or 'nor
2, IIFlN—xZL@JchMr(DﬁEIerblkj BIMA-9.B2GDR I RQAS andlFask, NeEbmhil,azurophil

| t d, . MVP-
oot SRR  SATL PR A PR R ook i o
adér&%‘&te ander oBiRI Mdifding, DEYAatSBtion, laSGeprE’ékﬁ\ted by Seuttopb# azurophil
| ne

d FcE di.n nu atj o as .
o O BREAG ao0l PELUMER re i e et et B odugion.
Neafrémib%ohtﬂb@tb AR t8tal F@@b&fcﬁrdﬂameagﬂ atasiesand/ ar-e MAG-o, MIP-
production. Neutrophils contribute to the total

TapPGlict iR CdﬁL-létlL%eﬁMC§ﬁeT@F Br [FNsy. NP1, PAF| A2, RS and FasL.
Th@l-;_grcMuE’t‘ ionkéh eabPBfthebd Rfbdiatdrs E&ehtﬁ‘o&ﬁ‘nls %&?lgted-%%netbr more of
IFN-g , MCP-1 , PAF, TxA2,

RG$. ddalch.i 1619, 8f-13altsoodrticonsereidntidi. dt-dﬂlelbiyY He&t@Mp‘h&F dL-5, PGE2,

st E WAL, SR BAEILE, BB PSP opicpe g 8 |,
[0086] CSIFG. ZQIII@straMSEEutmp@t reiuiteenbeaeadyictien ofarauitrgeil tefering,
neprf hﬂ%%r?’%%ah&? aHG% r(ppfﬁq énﬂol’ﬁk%l cérl?adl‘[eg&%G]Néﬁ r@phlflgtherlng is

ustrates neutrop recruitnen
respe0sive{shE rselteettrhzmoilqrrgD seiecmnr dyshitropleikextravasadion imaffesiagl by at least

onggtj%&?%labmgpegg hlflé ‘EH’B& %ln!j @%#cﬂ%ﬂn@ﬁ%&t?o E,é Express B2

iS’responsive to electln
mtega'lnewhlch is MNetivhitedhlyilL- SGRAFag‘Ia&ﬁbrtmbldlﬁerafdé@Otibd BRyRaigonist.

| east of b2-AR om st LTB4 and PAF
Aciyatigg ng?re H!ge%'éu'ﬁr% W%‘OQ%’BP gg'gMbJZ 'Sﬁ’taégﬁsf ReutigRhils, thus
pelfh(ﬁftlln% akReki®Y of the 8eut%ﬁls & &m&m.hu deps.d steroids and/or

oni st . i vation of integrin, in
[oogqghb Fh‘g?? bushiates \t eglvpapulatign 9%”%?'%&%@@(‘?%% embodiment of the
inveRtith. Pa& Ayhdrhig b@@h@\ﬁth%éﬂfpréd&tlé}ﬁlﬁﬁ&%bulﬁs ihQ populatlon of
endot hel i al _cel |l s, 009% FIL G 1 illustrates

cIrgtHnOARIIHe Gyl Bhe FifeU ”%Ié&?ﬁ? aiFy CEMISRI bR (B pEsystom.

bed:d?Mﬁﬁ‘h‘sQJé inddiRe YdRAE Achivaed reetd, tdrevio i) éxp@é&ﬂtdﬁérit@@n in lymph
which results |n a popul atlon of circulatin |nact|

nodes; &fN Be regrted; tp sRPiioRytispug e VY ihinyihg regRlnatary expie t'?ﬂ@ inactive
T defiS rﬁaly@h@mge Syl abtn)éep@énsngnd v.&&u&sa nAetivieVEcdils@ahlbdcome

i vat ells, reV|ous osed to antigen in
prc}"fﬁﬁ‘ ﬁa%@ %@Hha% @ag ingct %%T g Srcéé‘meﬁa‘f“srayogﬁoé%é’r can move
to {Etllhinal el &@BEEAERE festp&y@tﬁgvstdm‘» STell r@aﬁﬁﬁe\msﬁf@@ieh%y one or
aclti ve

morg bt CAMTSUEAE £ asudt eiatn, AN s WGP Y. 8P ! PRngand

PGES T\cRll apilatifR it by @atbd B dt feaSBoh GBI LD IR OSEIF-cOIL-1 and
can nove to the lumnal fluid and clear the

TCGRestim uationrby anfigersROS; ledlar TNEcuiTtogt Apoptesiaisiregulaigdipy various

cyt@&ﬁﬁ%és’ \WE&E? ?{/ ?hw#‘fg’ctogwtg%r&esg éégll.aﬁqé é;gkmtgé?é ﬁ’%liuae one or

activation is regul ated by21at | east one of IL-6, |L-4,
IL-10, TNF- a, IL-1 and
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TCR stimulation by antigen, RCS, IL-1 or TNF- a. T
cell apoptosis is regulated by various cytokines as
waewedo7/1e381by aut ocrine factors. Cytokines regul BET/H§R007/063220
apoptosi s include one ornore of PGE2, |L-10, TCR
' [ | | ug0 j i
R B, L BR e - TR B PO L AREL B A TNy, and
Fasie diatoerihebgpoptase reguletioruis tmestintecihyl TTel eedrwhmnt‘aad Tcnell

acthaﬁSJm ! LF Cﬁl%néorn'tli%lﬂﬁegtottﬁ?}cﬁﬁ p?'(E(}L%horFEP%LI‘% E8@e of |f:31 8‘ 838Y, L5,

IL- BIJLIBJL TORL-18, TIBMoCSIM-CBEHT GB- 3, RANITES;, MiPP-al EGDQG@Rd FaslL, as

Fas ri.bed Ny FI G Producti on hese
doffftedfibi. 33 FRfiohdTHuhPad hitiofite bl TSRS roitho bV 8RS or more
of ILk+,1L-2, ILE3, 2L -4) IL-SB |L-H Q.- aﬁh,d gldlc-cﬁortlbdnd BGroidad

I Ceear 0i.d, st 8 strate
toddaf P gk EEAL R rpRLRd aflrnftiadi T patBlERNG T den
extealakatéont aadlﬁszatl-leodpthalmi céTI axﬁielsroend‘atelﬂebdzthaimg:lelrdzsponswe to one or

PR eR Mk e ST kB T R B nliphis S by one or

moee,(bf @otaﬂ@,tUTm I\/BSFBBfMDCeHGW RANTEIS MARE arfd [goxFaagasmst
NTES, TARC and b2- AR
CW&@{@W%T Ce'é %ﬂ:ﬁSétOi“H@te@“%éfvh ¢h iggshvaded MG, dgRGand/or LTB4 and

B2 Wik, \/\ﬁlcﬁ% !a(\ftﬁ/tat%‘él L TELC, AcT@sﬁ@nQﬂ @J4‘?ﬁte§fTrBi41 Rfbition Wlth

i ntegrin, is activated by LTB4. Activation of
VGAM-d griest T ﬁel@dﬁﬁir%&atuoarpe\vmlttmg\mwgzn & erdathefiabedlls sApfmvatlon of
t
o SR LABLERGTL MBRINERAET o ERIBHAEH BB inesion o
endotheit célllsc é‘lchmtlon of B2 guegaini, oncopaimtiot iwith |@ANes iateo areest T cells,
nEIRHNE Shefpbir re b OB T
[oqsel mThtsl ingendidihesn owcludé atdireld cmrebthter model mhhjtsbazles alnumber of
purcgg)ﬁps t%l&erﬁ%gélly-r{ﬂhs |{1\|/é]n\f§\r)té:ér9 gncﬁ@n aI Qe? éflgfﬂje sc%'len(%n?puter models
condrmgradabad/Ein}ge of physialogieat sysiems. am addlilamde m:ltsietg @model of the a
resrg)ﬁ?/%)?yo gelng, a{ﬁg n@s\’%rﬁ rcarqpr"%ﬁjd% é%)ﬁ}ol on %r§|c§q%ﬁ%r H’g)lagg gJCh as, for
exarople) epdentiblgwal @smputertroodels grsd mthogdneccm;mlt@nnoxmis For use in
heélﬂw%l }‘%d%or%gﬂ@ %%QI%%%X bg%gggﬁ&f o%%ﬁ{)% Ig}é% ?n%’e ngUb'eCtS and
den o ogi cal’c &1's9%5nd pa{ﬂogeh
theczmrqmt Iersorrteded;tsnce_léomelmmauter Ireagletshnmarbe, used tp arteate a large number
of \gagigjg{g? tvgr?délngﬁ{eﬂgsf’%rgﬂgglr&ﬂat@mé y@%ﬂ&lseg i95 Ieﬂ#ﬁ?ﬁ%b&f of therapies.
[0108hp utter inmerdieh ind ah obthelgmdioha opeedibes deémbgcdalmtusmeecmcatlon
carfbe NN ABNEY bk ReRBE ST F R if Sorflt! Bl Huere, or
halrdmeaqtlmdlmlr@MeastrUctufal tiean$ dlsclbselhmlthle;seeratoamms and structural
eq@gglgrﬁtg:?ﬁeg r oﬁ?@%@%ﬁé{f (?f%érﬁnTﬁanvgﬁtld n%)er so feqnénl?ed as one
or mlormmmtemrogra_rrdwvadmts u@ddﬂélOﬂ qard eorspwtacpmgmmsneaglbly
em% 3|%d nlfcprmtaanbﬁc' c%rp §C e id Cﬁt 'r’r? ch%dre’:'\&ébqg %t%{r'%lee devi.Fﬁ orina
equrva ereo oF 9" EINdi Nat Fons. o m e
prqplagehetj |S(gmab&nr elzecutiop lbgnerid edntad tlenepavatiomoof edata pasessing
ra I r c
ool ol A B e PP R SR B A
compulac priogean Moa(rmm ajg)graﬂmwoﬁwam software ;appmgam,_enj code) can
be gx%r@tgﬁ %rﬁygf?)gﬁ )ég ér%ﬁféa%lpé la uab@ |ﬁc?lm|£§£or%@%9%9m%%1ptqud
languagsss sod jt can bepplbped lnmnyrimmt urmlteilrtgﬂmsiend alofe program or as a
conputer program (al so known as a program software,
software application, or cZde) can
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be witten in any form of programm ng | anguage,
i ncluding conpiled or interpreted | anguages, and it
w@an7hesstiepl oyed in any form including as a sPERtS2007/063220
al one program or as anodul e, conmponent, subroutine, or
mdALREEorHPblent Lé'uB%'tlﬁ’e foP otHés Binit Qw%gféofﬂpb'sté iH% computing environment.
envi ronnent . uter program does not necessarily
A mm@wmmamcﬁossmp @eceAsqiﬂso@qup@@mtd@ﬂlgt brisggram ean be stored in
a JoRIdhi #13 ffpef th@t ﬁ?lb@o%@@ﬁro?@n@o%‘f?ﬁn Q%fﬁ?fe"’\‘ﬁ@ dé’(ﬁlcé@& fb the
in asin di ca am i n question,
pragyam i mﬁsﬁlprplcas it oliglerepoedingted Blgs (%gg lles that gtore prg or more
MR e iiso GanEREEdPSHY i oadt A B8 Broaidin BRBd @ffoyed to be
conput er progran1can be depl oyed t
exm@re@neaeprbméew rgpuDelEple comRUIGER &t C}ﬂeé;'t@ @ﬁﬁ@tr@ﬂ?daﬁcross
muftipfe §i{etseam9r|ntg(§:65ﬁéd?éﬂ BHa BGnARBicAH hdthBriSi tes and
I Nt er connect e a conmmuni cat1 on network. [OlOll] The
[0 bc dbs@socgnses afgi legie flows daecsioed elhis spegifipation, including the
me?f%cétébscﬁtth@mveht%l Héjd He érlfkﬁm'é@tbp%e% fR5%e BfogrdMmable processors
i nvention, can per f orned by one or nore
eX%ﬁ@@@9ﬁ%ﬁbWé“b@5@@§@d¥§@@K@d@PPﬁ@“bWédﬁmS@6ﬂ@'@6ﬂﬁ9ﬂév
0 eraﬁtgé 8 plPd RS 'éfw@tbgﬁér%\ﬂ?é bRPSt. GthelPSodsBMEMd I%‘lc*ﬁ)ﬁws can also be
operating on I nput data and generating out put
pemra@@léyegnféﬁ@par@tgs of thedneniamcan keinpdepented ﬁﬁe&peggal purpose
t
o B a0 FE G/ IR B e 8 Bfrel o e pfiegtr
spefifisgnigareded erqgdlte array) or an ASI C (appl i cation
[010RF C iFrb G sbts @A Ebr Md Stticlition SAIQApREQSFESERT iclude, by way of
suitable for the execution of a conputer program
exampeleurih ggyera)a@ndosrpeébahnwp@se HErPPreeaseeral anthensyecgranore
prdeeERPS Bf éﬂﬂl&PBfQﬁ@fsa‘F 5mputéf) dGéWBfaIR/ng pPce8¥Yr&uill receive instructions
processors any kind of digital "conputer. Cenerally,
an@\dﬁﬁad@é%gdﬁafi/@ﬂ'}’ MEBEY Qled r%@pmmew@e@ﬁty ol f Tsnesgential
elehfts &Y é’on‘?‘&ﬂ&f aYe %rpr@cerswq’enéé%ﬁﬁncgsmm&{s d BY & more
The essential el enent a conputer are a processor
MEITY é%@&ﬁtfphgtorlmgsmsbmtlpeﬁgnféﬁataoﬁi,enéra"m eorrRueT Will also include,
or 9@8b§r§ﬁvécly%o®ﬁéartbrﬂgcél\fésad'té’ &b SrafSdr dathdo, SPBBRY Bhé ¥r more
a conputer wll also include, or be operatively
magse §joraae @Q)”qeéé@’ sj@ringdata. for o ninagnaticamagesto @atical fligks, gr optical
dlsRQt fhfor%ﬁor%arﬁ@rrsesumé f&teﬂ{tﬁﬂ%ng%kﬂl'n%ﬁ%r f)FUgrﬁﬁ Q{s'tr[]gtlons and data
e.g., magnetic, magneto”optical diskKs,
'ncbﬁ?@(ﬂé@mlﬁ &floon Vplatilriemeaningiiding éWé!V%’Lﬂfleé@m@'efS@m'CO”dUCtOF
| nc?9¥w6& %%“FEﬂF@@M EGBR&M 'a‘ﬁ%tﬂ%\gﬁ:He?rﬂﬁy a&ﬂc&aﬁﬁgnetlcbdlsks

ude all forms of non volatile nmemory, incl y
e.gndijtegral B&rérﬁbﬁké 05 EFM @RI S5t Wﬁ@tpwpa@ahd@& ang P ROMand
D\/@DB@M AR pr@&%st)" é?d“th@‘?ﬁ@ﬁdry@ﬁ?‘('b@%ﬁpplgﬁgﬁl%ﬁ'b?

disks, e.g., internal hard disks or renpvable disk

iNCRERGFRIE INp BPF U IPUBHOSR $00iGEEUEIY ROM and DVD- ROM di sks
[0103¢ R0QF &GO or &kt WEID [1¥erCARB iRRnBAPRAEHE M SHéhited on a

or incorporated in, special purpose logic circuitry
compuiesaving pAisplayaleriee. 6o ai1CaSh (catodle ray beke.C ﬂlgwd crystal
dlsb%\/?l‘%hlﬁﬂ %@Hlsslgylhgmfm%ﬁ % PR léepmé‘k%ybolaﬂ)"érﬂﬂa ﬁomtlng

ay device, e. T (cathode ray tube)
dew:@ qw -da 810/8¢ &f a Haglﬂlaélyt)y wiigh theruser gan arogﬁpagnuﬁg) the computer.
Othé}fkﬂ{d@%tf HeVcdsodnhife 280 BRFR fBIeMMIGH CYAL aaus%P 'aQWeP or
devi ce, e. a nouse or a track whi

exangele f@ﬁﬁbiﬁ%d\/@\tﬂ@q AR usss C@h@e@@mﬂb@f Se@%ifqulbﬁ% eg¥., visual
feddBYEIC %ﬁdl?cﬁ‘? féé‘a]p%'e:%@ dr {aRtilR bdEk; fAH in gk 8bAGhé Q8erMah beBeceived

~user as wel | . o
in any form, including acoustic, speech, or tactile input.
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exanpl e, feedback provided to the user can be any form
of sensory feedback, e.g., visual feedback, auditory
w0 ewdbessk7? or tactile feedback; and input fronmP@hES298E063220
can be received in any form including acoustic,
[Oﬁﬂfecﬂﬂe uWenﬁ&P&érl e Fnﬁkﬂ’é’rﬁel{tgé-% chﬂSutl ?‘é?&%hﬁﬂaﬁﬁ&u@& a back
| enmented I n a conputing systemthat includes a back
en@ ﬁ@m@@?ﬁj‘érﬂeg}t as@ dgta sea\seraordb@tan@Wear midgfewacomponent, e.g., an
appRSlidissvér, HPI‘HQ! |ﬁ¥¥ﬁ1§@s &F?BRCHP\%%mp%nQnt e: aacmght' ébﬁjidu%?’ having a
server, or I ncludes a front "end yonent :
graphica| eser Ir&@m@t%@ Weky bryyvsar dreyshi veieh @gw qaﬁtl@tpfa&twltfoan
mﬁeM@Fhaﬁ&%‘ﬁﬁé |r{vléﬁﬁ’(5f?|8r ﬁm EdBnatRATof SBEh baUKRINACkhidMdware, or front
an i nplenmentation I nvention, or any conbi nation
eng £omperentac kheeermparieq§l @ ke systasm cart bainteraennesiaddryeany gorm or
meﬁhﬁn ?P&TB@&F @Qttascglﬁt Grh(,eatl%MSé ?”‘a%ﬁm‘iﬁndaﬂ&ﬁﬁ&%ﬂ{ecﬁ%@% of

ormor ne data conmmuni cati on
cor@n‘gmlcagortmﬁfvgﬂﬁs(ymluciﬁa t@@@lmq;a(netmmu.@g ) @nd a wide area network
(V@W CaMel Rt Wor ks include a | ocal area network
'y and a wde area network ("WAN'), e.g., the
[01|0|5i er’hecompotimpiystame caninslude ﬁbergwg'ﬁ(éﬁﬁ?rﬁ‘%fﬁ ﬁfé'leukl@d server are
geﬁérbﬁme%o%‘ﬁoﬁeera\éﬁ 'bﬁrer Ané h}gﬁ:’éﬁy ?Qﬁr‘éﬁ?h é%@mgﬁ)ﬂ%%ﬁ Metwork.
renote from each other a I ca eract through
Thg F@@Wﬁﬂﬁh'lpéépilfim ang SRYPKAriSER @ywétustqf @ﬂ@nutsr pfogeEamseminning on the
respREiIESo Yrﬁfuté?‘ﬁ'ﬁ@ﬁa\m( q ¥iclidHSeRler FPATRMERH tﬁéé’&ﬁ &SR,
running on the respective conputers and having a
client-server relationship tg each other. E Methods
of & nMethodsef BimiiatingMameslina Respiraipsy §N§te[“lﬁ106] The
[0108Y € Thk @V eAtiGPalBs 9?«6&%% nﬁmﬁmctﬁ sﬁﬁulﬁid@ﬂ fefsb.neﬁo@ system of a
respiratory systemof a manmal, said method conprises
magyaelusich g ises prRfEfing A Campé@pmaﬁmf@ reGRitakrY gystem as
deSledel Bk, aeMBds Mediiodan®h re?épme“o%} éﬁ%n@cé@ﬁﬂhéﬁé&ﬁdmse

system can further conprise applying a virtual
applyigg godtual profers! wdhp Geaputgbaerektd Jgerate setof guipuisfrepresent a
phERBHE & tﬁ@@lb%’%ﬁ;ﬁt sy3tePhened YishoBfpeldd® RbRIseS £ARbrmal state or a

system The phenotype can represent a normal state or
dlsgaﬁdsﬁgtgedp §?f£ﬁ'ré'mn'?f“@@ﬁt'%3n he@?teﬁ%@%mﬂh@ inglyge accepting user

inpUESAReinG 8Re bHmbRESarbetdrdlsr BriaBRE aB&hcited with BHé or more
speci fying one or nore paraneters or variable

matharertical regregp Bl roF Iherasuting the samireisr model Preferably the user

inpLUEBSRSRRE %tdeﬂﬁﬁod%f BLirt8 RNERUria g ihiien ePIFRWArR Al Hr%‘f&bl
Preferably, the user input conprises a definition of

[0107] ¢ l'I,:\’é(qnnl@gtth%ﬁ@m@,Llnerarng@ql iPReduces a §et effpuitputs fof g biological system
rePENRSLby thBQ@aQIBLteR\ﬂH?J@Ibn OTH St 6PHMPLE FeprBskR oRE 6ﬂM6%Sprﬁanotypes

set of outputs for bi ol ogi cal system represented
of PR IR SOk the-prUIE SabJeetuﬁmmluﬁ%v%g%@r S ndicia

as&YcidiB RitP DAPISRAR pfarh8erLAt QY RiicGfr tlﬁiésérﬁﬁbr é p§rtlculb|hékecut|on
si mul ated subject, and includes val ues or ot

SCENRAIPCiFAr BXARRP-a RENAIVPR IS/ EaPTansNied bdﬁ’é‘“ﬁ?ﬁlaéﬁ”é’?gl%'aéﬁ'mﬁ The

beR&Vidridt tHeafariabieB |sa§lﬁ|1ufa‘i€d l@\/ R¥lelkhmBleahuBS @& bl Mblytical integration of
scenario. For exa phenotype i s represented

y
ong ar mege methgmalieali r@lav%nrs tf’ |pFF§1UCq’H§|UE%fP¢§\VP%Yar@P|e§ [pévarious times

an¥ Abh@the 2vbIBtiGH &Hh@bﬁ&mc@be dver tigganpl e, numeri cal or
anal ytical integration one or nore mat hemati c

[0108] at"hgwempHtep Pé‘iﬁh’@'@/%‘l’f%e fede pymmencaty é?JY%thﬁtmathemat'Cm

eqt‘!éifoh@%ﬁthb'H‘F&fel(@ﬁ%d&?UQr%Js@n@Mfé'dlétxb@rﬂn@rﬁtaFJbﬂdlﬂBﬁ@Oﬁf&’rﬂ%rmore
over tinme. [0108] The conputer executable software

thec(wrg)qtmr@(pplgaplpﬁogmar@é@dg isan fasilitaleyispaliation and manlpulatlon of the

model equations and their associated parameters to simulate different patients subject to a
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equations of the nodel (s) under various sinulated
experinmental conditions. Furthernore, the conputer
wWe2®cnoxmbt e software code can facilitate vi suabCwES1007063220
and mani pul ati on of the nodel equat| ons and their
valip BEUANAC 1 BEEIEESPhBn b e ﬁge[a,ﬁmedp%hg@;hgob,ects
ubject to avariety of See, e.
anwew@met@ \@iugs Agsocied Mth éfue otmiemﬂwg acﬂtbmté'@t'@n aadel." Thus, the
co@?%m%lﬁéﬁ%&ﬂ B8 ude@ Rfr'aﬁtdﬁﬂtgwcﬁ ngﬁt@g?soﬂiooglgbecstlyaca reﬁ%rﬁ‘lal drug
targete @r tf@ra@yﬂ@wat@@g% hypot heses and investigate
[omlenﬁ b mﬁjdléjrgerqtéf(gweh‘?e (Qﬂ'mﬁd't@rrﬁ‘ﬁfél‘kér? reﬂée‘%ﬁ?g lnSﬁ'naI state as well
I'n one i nplerentation uter nod can
as |aé @bé@rem* (@gn8ingpsed aittexigkstale|of aé&ol%C%ﬁh'ﬁemalFO( exanple, the
cofpGied %ﬁ@lqné?udés%r&%et%];satﬁgt &b aﬁerl%'d% QAL af YiBhEMal 5&¥e or a
exanpl e, the conputer I ncl udes paraneters that
progressiginttevadsiee abnaimat %atsn Taﬁ @@f&mtewf@n@eﬁo rgpresent a disease
staPé Qr%ﬁ?ﬁéél@'?néo@f‘?’&%ﬁ% 6fhﬁ‘e ARARR R bicid @S p ro&@s@ﬁ@d’ﬁ%ﬁﬁ a disease
hanges t0 represent a |sease state are typi call
Stal*ﬁ)(ﬂ@rquémpie@ F%re@fesenbtha gaeetioqreg vipraneial eifecls b jgense on the
r g
R & R R Do g P YRl el A a8 noates
a rlorfealtﬁﬁ%teranghlwglcgmﬂlsea@ytate&f irderest tnwge dneleaentatipmgelecting or
I r
L L e L R
dlseﬁiﬂsenewﬂ%wtbma Juprie bronghigs. c@rqr@r@bﬁgugﬁ@ RUMerrrg disease,
empR{SETRL, %§/§tldf§)r&‘?§ e Irt: T I%ﬁbul%%ﬁf/ edeXBBliIRoNary embolism,
respiratory di seases iInclude asthnmm, chronic
pmﬁﬁ@ﬁ@ﬁ“ﬂﬁgen%%ﬁéﬁB@m@WQIwb@WuvéBéﬁ$hﬁﬂéﬂwgdP§@ﬁse

[Oﬂ'ﬁrhY§ﬁ1@E})re§e\ﬁ$Bh%oé iehP§f the |nrv§§li8nr %r@HuBé rh@hbiHEffoal relations of the
monary edema, pul nonary enbolism pul nonary

compyer medl aANg pith arfpediication einadibydhe vitty) stimiis, pambe solved
nuﬁ@ﬂé‘é?l? b b%?ﬂ%utér%sh@%tﬁo%ﬁ?é\boﬁmg% P@Hhc@@alﬂg@of variables at one

i nventi on, various mathenati cal relations of

or gerpiimes baﬁ@@@n thamadiicaiiam Judko@iues ehtheomrigeles Gam imium. be

usé(hﬁ) prbdidddahe fifst 8atl o Pasuf8Br A8 iR L¥ES IHERRHESAlbMeRE. @
onput er using standard al gorithns to produce val ues

[01df|] v &neadsIneye ytrtughratisntsrip ceniungties wWitideel ceyapytaemodel can be

cre'é% fdsed oh Q- m@éﬁﬁ?’tu\é@bé’t%?nt Pt fsrb%sc\!@étb@mtﬁ%lﬁ%ﬁ%ardnﬁbter values. A

turn, be used to produce the first set of resul

differRnt irtegkpatient Gan g Greaiad basadsen igenitial virjughnatient lpniatragucing a
mcﬁﬁk@tldﬁ tBtth@lnltféﬂ‘InH@é]tp%tléﬂ §96H MB&%héé?u%n%ﬁ bhdideg, ﬁ)?@P&%&E a
can be created based on an initial virtual
par@mqt%@hqnaat(e Ps alygcar speeiyiRiorane; aiimqra initiph paiasieder values),
alté/r‘ﬁflg%ﬁ'%petﬁfﬂ'l f5PL@BE oMdret dtdhorB LA s, GRS HErSheaH AR one or more
based on the initial virtual patient by introduci n1g
fungtien s repepsERiNgt iBtefasdonshamprg vasiablagabr peemigingtionghengot. For
ms[ﬁ?ﬁlbférfb%tthé’mlt%ﬁﬂrthé]gakfgﬁ is Héﬂne@ &ﬁ@rj Brtudt pRAEASTREY bE created
chang g. altering or specit X one or nore
bases ¢n %‘Ie '@Eﬁ‘ Altvwebpatieal @e%t;ﬂrtmawtért eh@lt@i Prpeeter yplygs and altering

on®BPAVBIET tRE IfAREpHamBRr S aNRE! ARbRativeAddrambRgvAles can be defined
specifying one or nore functions representing

as, fat eaamle.slisclosas iyUvaPeh e §,078738- dbasR ﬁl@grp@twe parameter values
cah BEGRRbed Fr% dfff@?én@gé’tg of B%fghew?@alu@é fakay bs L&l to define different
patlent 'S fined, other_virtual patients my
wrtgele(ﬁtl@atsb)ég@cqﬂpqteféneqﬂl tHoscerfain @ggﬂcab@nq gmmlgjel V|rtual patient
|ts§1t &t Gedteli Babdifor Bhdthé vila BQF&n@Fe yab W@ rédithitial virtual patient)
altering one or nore of the initial paraneter val ues.
in AMABPRIAS YECUSEPGARIEr val ues can be defined as, for
exanpl e, disclosed in U S.2%at. No. 6,078,739. These
alternative paraneter val ues
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can be grouped into different sets of paraneter val ues

that can be used to define different virtual patients
wotoorhesstonput er model . For certain applicati oPGI/US1967/063220

initial virtual patient itself can be created based on
[OﬁQ?t |A°Pt6rn\é't|\r/él§*‘ & irP&8Hj Gittion, ©n8 -or r’r?bn‘éj Uikl8r bnds FHeQJom éj]ter model

vi rt ual J)a lent) 1n"a manner as di scussed above.[0
campe sragig %B? on@n Imlhaldmaun@tﬁnbhsm@weérsmwia@m@nqr@tmns as, for

exé’rﬁblbealgccio% |F||ﬂ‘raef%ﬂ’c5WH% BUbIFRASH: Wh keﬁéf@ﬁ’ﬁa‘? ud 5 €bnAlcting

an initial virtual patient using St mul at1 on
Linspe Simulatien Qreraties LétﬁlalnglﬁeCorap@t@r-ng Pystern Madsl’| GPng
Apﬁl%ltlbﬁ@hbl%tlon N%%tﬁﬂo@é‘éba%?ﬁ@él@h%@orﬁ @"cto@@mjéy%bﬁ‘ﬂ This
Simul ation eration 1 zi ng
pulghisaion @pclmmg&kpﬂé@ﬁ nesigening a@@tlgmalwlamqg@ﬁatlons based on an
mﬁ%ﬂ@lrﬂlﬁﬁfoh %emon mgpeo%%qgt%plep%lmdoﬁflﬁgﬁ'orpﬁ t%‘n‘ﬂ%ﬁaéwﬂcﬁatlon
. publication discloses a net
Op@'@tl@roatr@r}egorm pitimesas ingpaudedt ilvhedpesant B@‘ﬁ@d'mta@f the invention,
su&Padd\ﬁ&n‘a%lmﬁlaﬂHﬁ 6&ér‘épor%o(%rneﬂe' l%'éd%‘@lre%te S RitiRRATRLS paﬁ’ents in the
fication to the initial sinulation operation at
cor@p@tebmoﬁglrt@sgqj pegniintial yirfugbRatient thehis crratgst usdrgythe initial simulation
op&%ﬁ&g' I'ﬁed'étftldafartehﬁrthél\b%ﬂéﬁt%n b%%@toﬁ%dttb%}ﬁl—}sent a partlcular
simul ati on operations can be used to create additional
sukieett (fedesiped.icartos maie sinwlatiompre@tionpaay b@@gé‘@lmaﬁd fapa time
suf'ﬂ@ibﬁt' t@lcréﬁté BH@br Ratd "Sibid NRfual Eati%ﬁﬁﬁ’ttﬁéjc biter tBEel. TyPlcaIIy a
init simul ation operation. In particular, a virtua
"staRle’ ‘é'ﬁ‘#al eatien ds ehasadenzed dytaperos praee é@ﬂabéﬁsp&\d@r esupstantially
apér‘éQbrﬁﬁé equifibrdlfPbr §&hdydiste QondBse. S mul ati on operations
Y performed for "a tinme sufficient to create one
[01983 nﬁ/raé'ou%‘t“ﬁbﬁ“é’at'@ntﬁ olike ceapuEnMagel quere@@qgrmttvgflatlons of the
bioTRASH syslorR ‘tr%"t‘laré’ suffciertly dtcfent Yo B\Péa‘@éte R éf?é& of Such variations on
characterlze by one of nore vari abl es under or
how@'aﬁsblamcal $ypteap seards ag @vrn hempeyum prrtietaraene etmpe
ofy ?ﬂo@@sse@q)éprég’elnté/@f)y %%oWHuEéﬂ%odéﬁ&ér?ﬁE %eﬁtffle‘dha% playing a role
CO er nodel can represent variations of
in rﬂjp@lpléfg']gclaploglygltr@mqnﬁglto hedheygpy, |9@Fjé’ﬁt'@l§ﬁ \d"tlﬁl @natcmts gan be
deﬁ"ﬁé%l HalReldif dﬁlfef‘é?'ﬂno‘afflc§t'#&1'§ of id &Hd &nﬁor@rﬂ)ld‘&j"éatl F?ocesses The
ogi cal systemresponds to a given ther
|deﬁgf,+qa|t|@rly Phihe opaer BIOreBICJISRLITOEEIEEF CAM BE 63 0” for example,
ex;Séfrﬁ’rﬁé?% 3 8fhidY dhi3e s GOMTRK itk atlRIRIsukeBr PEorhSRBE hbd& dords
l'aying a roIe I n’ nodul ating bi ol ogi cal response to
Comh'@atlcﬁe@fdb@m shnge ik prsuer erethiRipgigRl reaessescaiissye have been
ideHEfid 1SS Vi rﬁ}%\'i Fé;'t?err‘ﬁs SHrf deetr8aed W@bflhlﬁé‘ﬁlf@%t flodifid&tions to one

one or nore ogi cal processes. The Tdentification
or giorg 'Fi‘éth@ﬁ@t'@@| F%F@SUP@WRS# ipdhe enrpruberTBedel aMhigieormgie@ore
maMbmdtRAl RIBPR RprdsREhE 'Bﬁgtoﬁho% bibloglthFstbc&RE&: A modification to a
scientific literature, results of a conputer nodel, or
maiheseatishstation cen incliden formaaine RATameiicAhARID e- o@teé'ag or
spé’cﬁf?ﬁﬁ@%ﬁ@%r &ford ?§r‘éﬁ1e&@‘(/%lu*é§%@sdc‘i’a%‘(§ wfth 8fb mXﬁéh‘éHé‘al relation),
viftual patients can be created by defining different
alterng qruS@a@Ifymgsbqh@w@h@f Qe arHraEe yatiduefaagsesiptedayitht the mathematical
relAtithl, YEGthg! o sb&?fy 9'31’1@()@%6?‘@%0“09@55%50%@ vitth th®hfathematical
mat hemat i cal relations represent the one or nore
relpiosl ega é@ﬂb'ﬁiﬂ%b@é@@“ Ahersempiteamodal may be Frtasae on @ararticular
deﬁ‘ic@ﬁdrPfBr S@mel Sk o ér@éte%x'@fﬁme@ coRFigRPRARK FeCcori g enodel.
(e.qg., altering or specif g&one or nore paramet er
[0124] ué%c%&aérbtﬁn%‘?"égntﬁﬁ"%% thgem RERATeIABLaNe PYEiem i executed while
apAlih§ &l VL P ELMPES bf Mﬂof&oh%h%‘ébﬁﬁngofa P ExpOEurf §n allergen or
vari abl es associated wt he mat hematical relation,
admjnisrefian oba deige A Y'W@i@“@i‘ﬁ@swn heraeseqied iha stimulus or
associ ated with the mat herdgt i cal
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relation, or a conbination of them The conputer nodel
may be run based on a particular nodification for a
W@ 2ove/1838iT i ci ent to create a "stable" confi gure€T/o82001/063220
the conputer nodel. [0114] In certain inplenentations,
peﬁl%?fﬂ?'ptﬁbt &, ﬁeh@ppr &SR & Bfo chaﬁé/y%Ee‘?ﬁn Dﬁfe?é?ﬁ@%%pstmhlc%n be
a virtual stinmulu rotocol representing,
aS@cgated \é’%ﬁ)é@}ulﬂle’fhﬁbd'ﬁ?f inSP@e gRANNEF frgrarﬁnma@pt*@f i Smef that can be
apﬁ’lfe‘d% a%lédbé £ stéh'dﬁHllﬁ@udﬂea?br%?(aﬁ %ogk@ﬁn%dor‘”t\/b&h@slzed
timulus of perturbation that can
the@anﬂuag paents dieatraent regimess.cand rpedieal ﬁst%tA%ﬂlqnab@fanm@es of stimuli
mcﬂ%%%‘(b@élﬁg td/\é%l&lnﬁtdr Wﬂ)éthég‘f'gd cﬂééafs@ réc,rﬂjrs%‘P{EFM%Ramples of
from one anot t i mul can be appli
stipulpinlyre &PV'WE@#}' @b@f‘geﬁ@llgfd éS thoge relgtingdP eharggsyn iqvgl of
exiBsufy R4 @rﬁ/‘iréﬁrqeﬁtaﬁéq%ﬂ?(g Caragﬁt ), atnﬂ%ﬁéﬁ@%‘%tm level of physical
regi mens, and medical tests. ti'onal exanpl es of
actitity guexerFigel ude exposure to eX|st|ng or hypotheS|zed
[Oﬁ'sfe%ﬁrt@aﬂ BRIbSRSg., & er‘iﬁﬁtﬁer%’b?%hr%%eﬂfngsid éHt'udI therapy can be
i ncl ude environment al changes suc hose rel at
applpddn aniésl patianeipaan tempt horigdist bow aﬁe@ﬂNﬁchﬁWé/ﬁte@F of the virtual
ﬁﬁﬁ%u@eregpondqa tHhERRY) Vlrﬁﬁ?jpt%%@g;eﬁat'd%nlb%va%phégto a biological
sical activity or exercise. [0115]
syqéer@tcga dclude, tpr exampler eXigtingtas évraqipeSImrih@rsa@ﬂWOrﬂyeaﬁ and
treét?ﬁéﬁﬂegﬁrhgﬁsa%r&%‘s ?e%?%be&pbﬁur@ ty bﬁ\'}n"b‘ﬂlmeﬁ@aﬁ 'tc?xms InQreased
an attenpt to predict how a rea equi val ent
exgraige @nd t”‘uﬁa'!kepﬁv PERIYINGEUMItIY é@&@@ﬂtot%wtth@ Pefietap ot Of reSU"fS of
the\@uﬁﬂiéi BlotPEN QS Sé Brdd'[]?éd %rbh%nadéqhau@&uv%%f Jaiti Rl ALE R a
system can incl ude or exanple, existing or
th@@m@the5|zed t herapeutic agents and treat nent
[01189! %Pé@rtdﬁé&plﬁﬁmg§ virfual br%cole(?éﬂ%tﬁr@até@ for example, by defining
envi ronment al toxi ns, increased exercise and the || ke
a nsgplfsc@pwtOr@eaorWQr@m@athw@ttC@bmlahpes icluded ing mege. é’ﬁtCh oge or
mcﬁ@ha@fenﬁeﬁ@é’ll rte%h@rﬁs éathereW'e%Eh’tadneRfr‘PﬁcQQ Bloldudal Bt%cesses affected by a
produced, which can I ndi cative of various effects
conyfitigp er@f,egtm;ssop@tfgjgylthpm wgtgialtmpt@cqm{ﬁ yidual ipeiacol gan deflne a
mo\diffcéfr@wl thBf 94 PEE ntrdBfilcstSIBRF, @FnarhRAIE BRTRbSbinANon thereof,
defining a nodification to one or nore mathematica
depaidiftg Phibeingeticuge gonditians nderr effegs apsasintebwitthifeavirtual protocol.
[Oﬁ‘?] h@rﬂ@ér’té@@lmﬁl&h@ﬁtb%}% df &b ihGMiRR ek c@ﬁ%ufé‘;‘? m¥REfs capable of
bi ol ogi cal processes affected by a condition or effect
S'”ﬁ&@tﬁ‘@@aﬂ“@@pwof HCttQﬁ‘é)f\@lth@r@aﬁu’fﬁﬁ%@bﬁ'ec’f@ frorphgygroup COHSIStlng of
r f | .
Ion%ne{%? &L‘s}tggucﬂ %F %’IH"g&igl a'_chlrjlﬁ(é:,{g c{?@orm‘?érgl') zsg%glaﬁgrth %znagonlsts
(SuCh@S@difuterdkepém@roigomutetrﬁeteﬂaﬂal|n@ubrdevaib1ﬁelnot)l emebingthdherapies
fec
RS BFR3A L0 YA ) 7 AERng L b
(AdvarmBuk methyb@eihme§ (slgheesi tbe@ﬁhyﬂlnﬁn||rdi1[alaqlggog|cph’@r(ij(sgch as
beé\&tnb@\ré?&ﬁe, %u{i %I%eh'ﬁdu&nag efEJttlca%%lngct%rQH %Elﬂﬁbﬁ% ot} 83icosteroids
consisting o -act ?
(sugh laatd@x@het@awr@t, ere@InISbbnﬁmwr@oﬁlsoehonethwlpitadngolone prednisone),
e ey B B BRI or R PLF R Puiom. lowkotriens
quﬁ@rsa(@uelsas( gaficlokass, dilputanr @pnmfelluk@sﬁ @aticholihdygice (ich as

ipr%t%‘rﬁfﬁigjg %ﬁ&f}%@(’l%%&k %ﬁtg@ﬁ?rgrl?%@nggtﬂollNF octherag;s antibiotics,
IL-il H hatagohistr histamertesreoesr magnmms sreEP AREriid s enti-IgE and
'mRHggﬁ%QﬁgﬁmJ*&@gﬁgmaggr |co§%§?2?3§’(gzch as

dexanet hasone, predni sol one, hydrocortisone,
nmet hyl pr edni sol one, predni%bne),
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mast cell stabilizers (such as cronolyn sodi um or
nedocrom | sodiun), |eukotriene nodifiers (such as
wQ@ adorndaskast , zil euton, or nont el ukast) , PCT/US2007/063220
anticholinergics (such as ipratropi umbrom de),
[Oﬁ%?nq:rhel‘}’é ﬁ‘ﬁpﬁérﬁérﬁatlcﬁpbyb[‘f P&@B’l%? Qﬁt‘a5§nlstefﬁ‘ér‘apg N':snﬁulated as
therapy, antibiotics, 13 ant agoni st s,
desaibepiror | Garh- a@strtegept@rrﬁritagwsts Willtresultio QGCF§ﬁ$€?d— %%T receptor
bin‘aﬁg AL |y9|}ﬁ%§ma'8é%fwg €hIfs, (’rﬁj%gs@cﬁ‘etl g cells nerve cells. The extent
omal I zuna L I'n one | npl ement
of deareancdiCya Ta@@m%tblrtdﬁ@r%we|r@9téatﬁ®bapﬁ@ptug d@lmrqureceptor
by b E}<BT2R00dtY dnladdikEBRO by HRIBAOBI Shdinybt @gmstulbﬁndl. of the
decreased rece tor | ndi ng, parttcu in
recegtaanegaripl Tf@eﬂ'méla @fdgem@Mqangalsgéqakgmtq]@@r\séjeratlon the
phé‘r‘?r#alc%km&ﬁh% cﬁm&%ra%fauﬁ%’e%@%gqllu%éﬁg fér%y%@tl'%cetﬂ}t&dén%omsts in

be regul at ed by fective bin recept or
FleyZGt himéyrét, ther medgican siatitlaig e @har@ﬁéogwa% qf #he Hegapeutic
ag@rﬁtngé ﬂ@st%ﬁeo%? b}_sL'Iorekab&gf Q&aé’émét?ﬁﬁ Elecept or

iagonlst The si nul'ation of the therapy can al so

[01t19ke In peeinuerentatien beta-2 Adrepérgicrraceiko(8t-ARS agonistilerapy is
t T O

sm]itpe?tg&lglg ildé cghb?%ﬁ]:lglg ?ig 6é}]1(%l‘]§ct,t ﬁ?—%ﬁ? oS éecf fo@é—%\e{lﬁg B-AR

agsmlstslnmyd)d dromipils eerexhdiostyin amihesalrwby bheuattlhmgwmntesiinal (Ql) tract.

ent, as_dllustrated for. LT re or. _ant agoni st s
eafiR il ta B 3ie0ts 6B A s AP FGE PORR T acy Uity
effésling MRS Ginburitef BRARNaclitiB. ARbnaBeNinflerh SiRARPY glu§ocort|00|d steroid or

sinmul ated as described in FI G 28. Short-acting

2- AR
histRTiRe EecePigh dniagARystHBeieRYy 8P bg\gnﬁ%ﬁg 8 geﬂcéglpegén FIG 29. Various

moRgBlbAAI b tﬁér%@!é%'cﬁn be sih@atdt R¥Bs@bediimFId180. In yet another
astrointestinal (t 6 tract. Each will have effects on
m% prd

emen@tiomh PLE4 RAPd0eIeRY i§rsimHiatasasdesgiRad iaFiGs 31-33.

[0120) | MABbdpefet ﬁfadbrsgaftﬁeein%muﬁfca@be blged\F& .aéﬁﬂfybﬁe/or hBre
anot her inplenmentation, glucocorticoid stero

biopragk s ﬁé)'c?"@i“'éﬁrt‘@t” rgler iqye Riokgiqehehaspsferistip trE?é C§T‘ Hﬁleéﬁléﬂted to
|nf@r&)r%€§(ﬁétlat1%3tlddfhr"r:é§alt %r m‘!ﬂarn'c@ UsioriBYReSs| @Rde Fgﬁ@(ﬂlbth/@dif

t her api es can be sjnul ated as described in FIG 30. In
eﬁ%'ﬁ’e%‘?ﬁét bislogicalacivibh Saietio A SIPPENESH AT  fhesrp HRipraRfefssan be
identifiad Biserchsr Hesnehédethat &ﬂéﬁsé@ﬂtc%ﬁerérﬂ%@&ubﬁ&s Biomarkers

uter nodels of the invention can be used t

that &E}réfqnft@ted REPYICEROIEESUSi MORElP RN ersANBY B%V@%P”tdfatﬁersé?%fﬂc goal is

to identfy BiredethEdedGh@iapy tR ol sibjett. t Sittilafa biddearkd8lcHA be tentified to
to infer or grgdl ct a gartl cular result. For instance

diagn B R0 K IOSR SIS TS e B PRIW 6 LT Be CoBRMISE Model of the

mvbhl‘iﬂrpmecr@btl@é?bd)r\th&)tbon%ﬁfﬁétwctl&f aﬁfd %sﬁfcﬁlﬁmcﬁarpéstﬂmatlc subject’s
theraé:yap Bi omar kers can be |dent| ied to sele

syrppleatsefapn dstdeterRuedchases an iddeandgh a,ppfcgpggftrp\éqrgblhty of symptoms

un&éHicRerhént mhmd@ﬁrs% tm@ftnﬂ%ﬂdnedf% r‘e"l’ét@e es&ns&tﬂ% $f obstruction
ver sus non- respon ers may be sufficient

and genrstiition gaauidg apgrapgeisttherpryior gt%‘iﬁ?ﬁ%e'au ’ih% rt%lwa'?‘@fs can be

|deﬁtlﬁé!pﬂo‘?ﬁ(§nlto§lh@dcﬁfall YospBh LB KEIbfecERdh ﬁ’n%rdp?ent ified to
di agnose or categorize subjects. For exanp

[0421] | |Oz1er@p?ﬁé>f&ﬁﬂﬁ¥ﬁré'9” IFOTOrISest 'd?flhtéymﬁhﬂ?%?]f’r ’Bﬁre kipraarkers by

exé&@hiRd b\é%nfbgfgr i dRf braRe Qlfveﬁ’tﬁﬁltardéﬁﬁt' PVIrt@dl %r&t@&ﬂd br%Hh&!"a first set
to an asthmatic subject’ npt ons can be determ ned

of regylésd easepuhawtwnﬂwéerp@@%eé H@SQS# or g erifabprofacy! tgfproduce a second

eSO TS UREBcIMIER Fmgttﬁeeﬂ%tr?éﬁ‘()f MdshiRs Righ RYQBESTPset of results; and
Identification of the relative contributions of

idegHlytna 2T iRtiqR @em@@tqnpar inesie vaipligs Aeasgpetersrangt e virtual
therapy for the subject. Further, biomarkers can be
identified to nonitor the 2fctual response of a subject
to a therapy.
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[0121] One aspect of the invention conprises
i dentifying one or nore bionmarkers by executing a
w@oopest?7 nodel of the invention absent a virtRel/US2007/063220
protocol to produce a first set of results; executing
metagﬁ gﬁ‘%‘ﬁPMﬁﬁ;E\tl\?@&%‘ prg%%%@te‘arbltf %c%'cﬁé%@len@( C,Otlﬁ’r%%lrat;lé’the
uce a second set of resu arin first
Coré@!ﬁtedwarlé@@(lst andipr paremetes(sbismaesset Incﬁnlw wftt%e firgher second set of
red fi€ntifying a correlation between one or nore
vari abl es or paraneters and a virtual measurenent
[0%22%i &eskleeofdvogr prose wighaldneasursnagig Fambe determined to be
su&héﬁt%ﬁ& 6t eihibg ba?é%%r%ﬁé’bﬁn&'?e%t&rﬂfa?&%t%ﬁ&@aM@%tls aklfi68dal tests
/or” par anet er resent 1n only one o
thaﬁ Pﬁ@be éﬁe%@dé?fd'%@qrr%ﬁt'oﬂﬁoI'rt%UdeE 122amplgslinees FQQF ess{gn analysis,
noﬂfnegpfe%réé%foh%blyggaﬁift%ﬂ?%ﬁelgl"f’dh 6. JRLEEIFARE it epSartlcuIar
subst ant 1 al corre based on one or nore standard
stagjptipel osi, @aﬂorrﬁ@ﬁ@% coefficigntsan pgldetasingdt angt coreplation cgs &g identified
ba§é?j d)rggéléhﬁlbﬁnﬁ%Jt%@édr%t%ﬁ%obﬁ&b%bls Fiin HRMRUEr range.
1 near regreSsion anal ysis, nonlinear regression
Examaley of §0”Qi¢\td>nr(‘@ﬁﬁ'0@6¥5r'@¢|ﬁ‘ﬂq @ppdness of fit stalisticet auansity,
as¥¥didle PwiRliddat %g?%ss%r?édaﬂs’i éﬁe%?maﬁ Rafk b%h@ia'tl&?coebﬁlment, rs,
coefficient can determ ne and correlation can
assqeeed Witk tencorgladien test-er ni ni ng that the correlation
[O%fW\hr@da‘FBétlér@H the WoiBLr fhodBf ddndd @é’so&@t@g%th@(é&m&ﬁé set of
of “correlation coefficients include goodness of
valyefar $ig Qq;qamqt%ﬁpf th9 computepmedeli A dvidial patien éamay mclude a first
sefl cﬁ%%%?%t@ﬂlamé%l ¥ §rt9é1q)a§9ﬁeﬁ ﬁﬁ%g ifZaLs aCaQé’cbﬁ{j aki A'Barameter
coefficient, rs, associated rank correlation
valpess that P'(UQ@ST spmoifaghieg frogathediist seh ot preameiep velues. red distance, the
se&f#a ReASFANLRY 9£1ué9é any Rkt %é%%nesﬁéraﬂtate\‘ %IH@%lffeﬁﬁg from a
parameters of the tonputer nod virtu
Corﬂi%ﬁﬂoéﬁ*ﬂg Rarpmeteme@lugdeciyded indhe Hist SQifOf parramﬁé@rellalwal Ipessimilar
maRRgr, \’/irtru'é\IU@JtleHlaé 'n%l"ytbeBaﬁﬁéﬁ aleB GithALthRg %@F&'b‘éra?ﬁételo\‘;alues that differs
par anet er val ues differs 1n sone fashion fromthe
in §qmesfasien friom ﬁbaff'éﬁ*r@ﬂélsewd@éo‘c Wﬁmﬁﬁévﬁh% t he
[0123§ OAhiSIBGic A prids8 MRt Fod( Rt iSiolBB al rBgh 38 t@hel tRéraby can be
one paraneter value differing froma correspondi ng
asgneiaiere Vit akapyiedgs ear aedngeraintie and vafousedrt p@&n%@‘t’f'@?
coiplitdEmodbitaf, b%' dorhéd toﬁ%BFé%émt Mkdrbma)iaifid ﬁWotf%s@E‘lSr F?—:%olutlons
associated with a third set of parameter val ues
of Gefkpeviedps gggnﬁy ey Ief example, rﬁ'@'ﬁ@'0¢||W@QeS§$ﬁjaS§@§'§Fﬂ§’ V%t airway
sm%Bthprﬁuﬁ'@(A@M V(fi‘)'an&lon[c%ﬁ%%]|de§‘1t||ﬂé@|aQBf ?ﬁb aOrBFéQﬁ%dh%Flg

dul at es bi ol O i cal TGSEOI’]SG to era can

b'OMMe&P@%ﬁWtaH araRy éias g\é(b'lebllt ”I@Né)@rltnélefﬁqu taﬁtdnﬂammatory

me‘d?&ftér@ Wave bh bHEdt cRaIN BbStrRtioh,NRe FMREIALCERAMH GRdte8ypes of
defined to represent different plausible hypotheses or

inflagsiatery intiatess anHSM eniraciige ag s aB)baﬁ%lV‘edpn@S(ﬁWﬁP@s of the

diffeké %’e& 3t inREARBERFE feBRIAS nidlyGibt Bk WaI @hANRNH0E W?BF fych a
muscl’e (ASM) contraction can’be identified as

a
scepaFigl ariods mnyal Ratiehlg cen desigfieed torréﬁrﬁéﬂ%téluﬂ@”eﬁuglﬁ?éédwmg
dlﬁfePefnt 8548 comliintStidrs STRiaRfnHBYGhETiABH. tP@'f”i‘)(/vledge gaps can be

nfl ammat ory medi ators have an effect on
'de@bfﬂﬂ¢%[lﬁ¢>@ipred pedesarined PecospgnelinasSrevisiopal Lélﬁf fepligation No.
aoiewgégotanﬂ.ﬂéﬁl AYFBIh &Yy SERSHVAY Rhaly@R »ASM contraction as
basel i he concentrati ons of the different types
of | an ammat ory nedi ators may not be wel |l understood.
For such a scenario, various virtual patients can be
defined to represent human subjects having

29
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di fferent baseline concentrations of inflammtory

nmedi ators. Know edge gaps can be identified and
We@2pee38t7 as descri bed in co-pendi ng Provisi onedT/USE07/063220

Application No. 60/691 ,809 , entitled "Hypothesis

Sensitivity Analysis."WHAT IS CLAIMED I S: 1. A nethod

for devel oping a nodel of a respiratory systemof a

manmal , said nethod conprising: identifying one or
WHATdShCbAUEDAIS: pr ocesses associ ated with obstruction

of the respiratory system identifying one or nore

01 ORIk ERY (B SRISESET aTTORE DL Al SRR LR fsai

"the ' resprra 'Y represent | ng
meelauhzdmmismgrcal process to generate one or nore

nta of a_bi C
2R 5 SR LTRRANLAER Mirtef Sl Bl P 0w

and resp@aory systean;r epr esent atl ons of a biol ogl cal

ol d f -
PRETRSa 87 8c BBkl BB fiyoPRis b Besian aite
of bespiratg)r}csystqmm ocesses to form a rmdel of the
(r:rﬁﬁt,g' Fn% ga{lly rg’%/r% en@}rg%ﬁcﬁrgﬁ gg:%h@g?ess ngnafle’a neu rtrnc()erg dynamic
pr oomsemtai@ss of abietbgiaat hrobessrmsbaaned azrrthrcmstydrﬂlonmg thef

theﬁésg) 1 o}ﬁl ca%{n EXS'Bﬁ%r e r%gge:sleﬁt% (Lri/%(gf%%&gg 5Ir§)|?(90 SS

eac process assoc &0 Wi bi one
r eneslsdcrahegi with gensériciibe obihe respinare systégmesent at i ons  of

coprh C{L ﬁg?'th%ar gr%r %ﬁgﬁ’ ?cﬁ%g)%ﬁéa?gro\@eg%sqgﬁer 241%%9%6& the

b| oresg)wami'y fysteress associ ated wi th bi omechani cal
renodel ing of the respiratory systemis a biol ogical

2. PY OGRE S AFRPH iR Y, Wirkhidr Eérﬁﬁﬂg%%vé"yper plasia, a

bi ol ogi cal process’assocl th airway conpliance
oderalfjomg)brm@orcrabrerm@oesd rascsseésaassdciatedhwith igmechanical remodeling

{hgr}g{lp,raré}éeigeerﬂet hod of claim 1, wherein the

broorc s '4ssociated with obstruction of
rreel}bematlcﬂﬂy rergrss&afmﬂg sach biowozgl Pratessrassesiated 94tb dicnentanical

1 L oladqi oy .
e BTG Lo AP0 R o LAESRA SRR 7Bl Hocoss
bi obegficizdéd pithhbiogwchaeatremedklingt h edenma i s responsive
to at | east one of epithelial denuding, vascul ar

3. per FRaidthddor c@al"rq 2a Wb rdid ﬂ@@(ﬁl@%é’al Me@é Esfiated With

thod of claim4 er ein rolo pr ocess . .
bloawb@maalé@mwetlﬁgmm@sresemt@v ispsieinds g | pepcess agsociated with

tisépl%rarﬁ@grgﬁ%iia? tﬁﬂb%@ﬁ lp'r@(!esgggéb%a@&j N@ﬁr%ﬁomrﬁlrlgnce or a biological

_ us secretion,
pragesis as&@pl.ateﬂ.WIm tff@np@orephareedabl e nedl um havi ng
conmput er -readabl e i nstructions stored

4. The method of claim 1, wherein the biological process associated with obstruction
of respiratory system is a biological process associated with edema or a biological process

associated with mucus.

5. The method of claim 4, wherein the biological process associated with edema is
responsive to at least one of epithelial denuding, vascular permeability, and an

inflammatory mediator.
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thereon that, upon execution by a processor, cause the

processor to sinulate a respiratory system of a
woreoonab3siand further wherein the instructi ons PORPR1088063220

a) mathematically representing one or nore biological
6. P oefﬁé%?e?hcﬁ)séf%lrﬁt@%h‘éte‘imth%tﬁél&?fgél bbeQf abddRiated with mucus

respiratory system of wherel n at |east one
segrefinneis serpensive tasalrleass ong of eriihelinl deplerieg. yepcuhrglesgeatility, mucus
seﬁ f?(???%ﬁ@%n n‘i?Dan{ﬁ?ét&Z'Fﬁédu&tét'y representing one or nore

ogl cal processés associated with constriction of
the respiratory systemof the manmmal; c) defining

- set AgTontaterd Q%meﬁ'éﬁhﬁqvmnﬁé‘t%éﬁm inRguctions stored

therré‘dr?\r tﬁ§? ﬂb@ﬁ bROSIE bPh Y RGLES! cdlfs@@t?éé_r%%e&%r {PdiMuBte a respiratory
t he resgj ratory system
sy%m@émam@ataami rtl?eawnﬂﬁetsrthwrﬁtrﬁptwnsmeweﬁ% t he
| ) tAacdrh areany ﬂébFé%@ﬁtlngocWRa" érSﬁor@%‘id’l‘@d@éI bfRbbdes associated with

representi ng one or nore bi ol ogi cal processes
ass 6bstatcEan @f A respyalcnaxsiera et eriremahyherein pideast one

r es pigradiation Xak&dh r8spohBe t&@tﬁ@“&@lbgﬁ:ﬁﬁﬂ@é&s@eémd' um of
claim7, wherein the instructions further conprise

Ve Epthanptialbt reprsapting RS aryTerg DRI Praseesasasandeter yith
ass @EhsMi@dn W tHa r@&ﬁra%r}/] Qe tHBamBidnemat i cal

representati ons. e’ conput er - r eadabl e nedi um of
ct)adghinmg \'Mﬁ@fr@l”ﬂﬁW?f@ﬂ%&W%@f‘ﬁ@%W%ﬁ%Iﬂe repipgenigtions of

aCC%Qﬂdg‘TQaI Hl%%ésée@,@&?on%%%bfié’l'o‘ﬂﬂw%@pu%ﬁor?‘%{xﬁe?ﬁar' abl es
associated with one or rmre of the nmat henati cal

representati ons. nput er - readabl e nedji um o
8. ¢l ail Rf POMRHIEF- é‘?%ﬁ’at"ﬁé“‘?qﬁ‘é't‘PuE'?i”bﬁsW'?‘%I?'PH%‘? '”éEH‘iﬂo%éWther

corﬂBﬂéé’ﬂnﬁﬁteﬁta‘ﬁbél@ﬁ@ére@érﬁ%@Q)ﬂb of ok BiolMRRal prokedsBE associated with
resgl ratory system 12. The conputer-readabl e nmedi um

biogyec P'HP%@TOd%'?QrOem? EpRIrATY SYEMpr ot ocol represents a
t herapeutic regimen, a diagnostic procedure, passage

9. of tTheRomBYRE-FdHIBLIEAN &IV loP BIBRMY Ahdreiithe ms@nct@hymrmt
exercise. .13. The con%ﬁter readabl e medi um of ¢

COMARTEAGEePINY YS9S INPHERRSIYNG QPe ﬁemomﬁmger%eﬁﬁoma??@ "Hﬂ‘eone or

moPé ofMBE enathérhatal RpFdsentationsl4. A nethod of simulating a
respiratory system of a manmal, said nethod conprising

executin ut e del _of a_res ory, syste
10 e d eGPl TR R B o Sairha, Faf R NS iR Hither
corﬁmpfédtﬁfoepmfmmesirrpgt selfyih@ gn@ovinbtenadriaple taesadiatédwithene or
ter enerate a set of outputs
mor e i HGe leobRBIGETPEOB ¢ he. bi of ogi bal system 16,
The nmethod of claim 15, wherein the virtual protocol
11confihe sespatet- r@dapleut\ecttum@gblmw wheteiaghesisiractions further

rocedure e e envi.ranment al
el eifio BRITAMPReqip T mBHl ST el R V8P o m
15, wherein the phenot ype represents a di seased state.
1218. Theeomptieoccaniablel reediurh4f clhior § hewhereinyine situg protocol represents

a tﬁ&rgs&tfcqggl%%ﬁr a HﬂBH&st@%‘?&éeﬁM}eﬂ 9asos%8e %k time, exposure to environmental

toxins, or physical exercise.

13. The computer-readable medium of claim 7, wherein the instructions further

comprise defining one or more virtual patients.

14. A method of simulating a respiratory system of a mammal, said method comprising

executing a computer model of a respiratory system according to the claim 7.
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nore paraneters or variable associated with one or
nore mat hematical representations prior to executing
w0 b@7aasput er nodel . 19. The net hod of cl ai m 1BCT/US2007/063220
wherein the user input conprises a definition of a
15V1 T i@l did &tiaim39; fuftheY &rsihsi ing &9irtu&prétocol to the
processor 1 ncludi ng conputer-readabl’e i nstructions
computeemodelde generaitad setighontruisaentesentingyd rheseyee £§ e biological
se the processor to sinulate a respiratory system
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of a manmal, the conputer readable instructions
conpri si ng: u) nathenatigalIy.reﬁ;esenting one or nore
16pi olTHgMmanodefstabs slos whsresciha vislayproipcetramniises ahesppeutic
redifiBn, £§iBbFRLIO bbb By FkepaRbgd Betirm&mxBbsuré td environmental toxins, or
mat hematically representing one or nore biol ogical
physicst 8¥ef6is€associ ated with constriction of the
respiratory systemof the manmal; iii) defining a set
170f  mRE heamdd &radlaimelsaivh 8Rfthe phBRStYRERpkd¥RNts a diseased state.
representations of biological processes associ ated
Wit obstruction d_representations of bio]ogjcal. .
1Bpr 051 Be iedhogdf "Hﬁgdf%%ghc%‘&?{ﬁ% ACPRING Ys§§ InRBLTRACHENg one or
mové phraaletdrs oF 0albld ssbbiategatithadne@inheremidté@hatical representations
relationships to generate a set of outputs; b) a first
prigfstaexpeiting Ha CopmiietNPd]l- yser terminal operable to
receive a user input specifying one or nore paraneters
19SS Thk aietitbddtdmitns, @hetdy e tBEMEpRIcoaRrises a definition of a virtual
‘epresentations defined by the conputer readable
pa{%@tructions; and c) a second user termnal, the
second user term nal operable to provide the set of
200ut pudysteirg campesiogtd user

a) a processor 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:

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

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

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

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

outputs to a second user.
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