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AN ADAPTI VE | MMUNE RESPONSE COPYRI GHT NOTI CE A portion of the disclosure
of the pawer/odmsgunent contains nmaterial that is subject PCa/usopyvsirght
protection. The copyright owner has no objection to the facsimle

r epr oduct MIETHOD AND APRARATE SIBORNCOMPUTER MODERENGOEFAN ADAPTEVIEe, as
it appears in the Patent and Trade rkl; O‘{icg%@atent file or records, but
ot herwi se reserves all copyri ghtI A ver. CROSS- REFERENCE TO
RELATED APPLI CATI ON The present invention is related to and clains priority
under 35 doPYRIGHTFNOGIIER U S. Provisional Patent Application Serial No.
60/ 301, 278, T1ilTed June 28, 2001, entitled "Method and Apparatus for
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adaptive immune response within the framework of signals conveyed at the
site of aFefgeak e patent ﬁlmére@omﬁeb@imweirmmeﬂ§p@mt%ngl%tﬁacti ng

anti gen- %ﬁ%stgo%tv'pg cells (APCs) and signals delivered by APCs and by
respondi ng T'ynphocytes. In another enbodinent, the present invention

relates to an anal ytical nodel of an adaptive imune response. The human
i mune SYCREOSSAREFHRINEH BO RECATHPAPRIACAIIAN which it is able to

behavi of al |y AP PIER! IAREP OB g RO ST SART B Eer T ch Tt R e vast
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human cel | ul ar and bi ochemcal elenments. Adaptive inmune responses involve

popul at i oidetbbd spdAppiriatue dori Gommuerciofiglingrofl ly Gpltr t e epecifiation hfwhicknis| ved
to match .t he W{???t ar r.ay of .elenments they may encounter. Particularly,
Iynphocytlélc?}BB % }fe(g‘?‘}g gf%feEeg%osed of a large nunber of individual cells,
where each |ynphocyte expresses receptors with a distinct nol ecul ar
sequence BACKGROUNDIORTHERINYENTEIONpeci ficity. As a result, each

| ynphocyte only binds the nol ecul ar seguence, or anti en&rse)ea, t hat
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exposure, wﬁ(ere the signals include signals impacting antigen-presenting cells (APCs) and

signals delivered by APCs and by responding lymphocytes. In another embodiment, the
present invention relates to an analytical model of an adaptive immune response.

The human immune system has evolved as a complex process by which it is able to
identify and respond to a vast array of genetically, biochemically, and behaviorally distinct
microbial pathogens while not responding to the vast array of innocuous environmental
elements or to the vast array of normal human cellular and biochemical elements. Adaptive
immune responses involve populations of specialized immune cells or lymphocytes that
have evolved to match the wide array of elements they may encounter. Particularly,
lymphocyte populations are composed of a large number of individual cells, where each
lymphocyte expresses receptors with a distinct molecular sequence of a distinct affinity and
specificity. As a result, each lymphocyte only binds the molecular sequence, or antigen(s),
that molecularly interact with its receptor, and these cells are therefore classified as antigen-

specific.



The dual requirenments that an antigen-specific cell nust not only recognize
its particular antigen(s), but nust also recognize the antigen within a
parti cul awoeaabisbng context, prevents 5 | ynphocyte respon®es/uso2/swhi or

i nnocuous environmnent al antlgens and pronotes |ynphocyte responses to

pat hogens. TheTban#inrewf thoadaptive ingmivae tpspansd éx torseientlntctiviate anidtesparid

antigen e e which is ge anat om cal ly
separ at e %rﬁcﬁnﬁ e&hC? }gofcy\i gﬂ%ﬁggﬁyf?@&? %‘ﬁ]@%%arf pregm%e(g gﬁﬁg@:\‘?‘af FOMEKoi d
tissue). RRCdudl Qé@ltéﬁleﬁfsdhﬂraﬁcﬁlﬁﬁgelﬁiﬁebﬂ'@%eﬁtmﬁslﬂﬁoﬁdrﬂ?re@&gtﬁﬂé hopiHi@NROSUr €
and are primarily 10 responsible for the transport of antigen fromthe

site of afRligsa).duhauIsE dse roegmizesthe antigen Wiship aaeyticalas epehimigeanted; praveals

signal s, xppsure shape the
randr | o eER A peonlE i EothndcdBus ol AL SR F SRR tos,” The
manner  ofynAfGcpBtrépensad lt@pﬁh«b@hs OFhe dnablmg“r?mnm& h@l@rg&iyt deteaihiedd 4 g sleof
present in the second nphoid tissue, is responsible for inducing a

| ynphocyt 8188 SERRRIS a& > ?ﬁnlilhﬁr‘ﬁ itigspe)ehiels i geapmdy anatgmicafly spRAse fvan theor

exanpl e, grdig 0 I expression, and
antigen pr esen%qg? %y AP \(/Ifatér ?%ésdﬂgc@t %gﬂttgggt e peripheral

envi ronnent i nAsRﬁ]sctdlkearnmgqmoaess drdiigen autﬁleandoﬁaxgtgeﬁlemuieyarﬁ@m priideiiBs to
t he .devel o T hel pe Th2 hi ased te response
mcégactl tbl‘? %ﬁﬁ%@%sgggﬁg?& @m @"e(ﬂte OEB‘W?@BFF‘E}O lc’ sitedf) ul ar or

hunor al %}ﬂl@@ﬁ% ieXfarlsTBRU ORitiEA SRAMB Edirdcledl tBehEAPE s Of the Qlté Qf ﬁﬁltgleﬁ‘ ﬁﬂﬁ{pg en,
a cellular response is characterized bé antigen-specific | ynphoc f hat

traffic t#hepptegpemnesin whichdirs sehynguent Preﬂﬁlﬂéalhtygﬁph@bwrémcymmlh maweyni ze

activate oy AET dplibA ARy SRt VB T ekt m 7 St e

char act er lyzgthohitisant,iig esspepéle for tndueMphoigittphsctb adspde ah@ it g@bing the
antlgen specific antibody 25 respaonse; the anti bodi es bind the pathogens

and Paci | vhasacgeriof he regipatise. Jf%éxwmﬁa mefliatgpEgpdugtion, a@%nulﬁeaf mplsvdef or Thi
and Th2 | ynphegyt find £RROASRSen s Mﬁ hﬁﬁﬂﬁéé‘{z a%orﬁiﬂgl Wg ﬂéra humor al

adaptive | ne fresponses |s y gul d antigen and
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which allg 0, th ncrease its response efficiency. In
the case %ﬁfN Ei‘ ClpR¥ @)%%ﬁ &Tl %“s}’ée HPe§En- specific | ong-1i ved _
| ynphocyt es re@ﬁbé‘adtﬂafeﬁelyﬂfijﬂbfcﬁéstrﬁﬁy Hi?@ctl%r'ﬁﬂﬂfé&tl&ﬁnv&ﬁ@éﬂlﬁ&iﬁor% ghat in

| ater encounters with the sane pat ogen, he 1 nmune syst em responds nor e
qui @Rl y astipiive immpearesponse.rley dase hhm mzﬁeqtmg phihogen, ervelbwlat @sponkeirine

e eSS R BT A0S s BDRER ol g "
particul aI‘hé)‘@ﬁ{pﬂAbbth% withigco@ideaitign d@ivddunan She falibgb BAPAEEdirbitlyt he
| mune kill the pathogen or activate other immune cells to kill the pathogen. A humoral response is
characterized by antigen-specific lymphocytes that generate an antigen-specific antibody
25 response; the antibodies bind the pathogens and facilitate their clearance from the body. As
described above for Thl and Th2 lymphocyte responses, the generation of cellular and/or
humoral adaptive immune responses is largely guided by a combination of antigen and
context.
The adaptive immune response also generates memory lymphocytes, which allow
30 the immune system to increase its response efficiency. In the case of an infecting pathogen,
these antigen-specific long-lived lymphocytes remain in the body after the pathogen is
cleared, such that in later encounters with the same pathogen, the immune system responds

more quickly and with greater strength than in the first encounter. Immune memory is
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systemwi th mnimal conpromise in the individual's ability to function.
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and history of exposure to pathogens. The result is an inappropriate adaptive immune

response to a self-molecule (antigen), leading to chronic inflammation and targeted tissue

25 destruction at the exposure site. As discussed above with allergic diseases, emerging
pharmaceutical therapies are directed towards modifying underlying inappropriate immune
responses. However, the development of these new therapies has been complicated by the
intricacies of the immune system and the need to selectively target inappropriate responses,
while leaving appropriate immune responses intact.

30 Several researchers have constructed simple mathematical models of
antigen-specific lymphocyte expansion and its control by cytokines or antigen abundance
(De Boer et al., J. Virol., 75:10663-10669, 2001; Louzon et al., J. Autoimmunity,
17:311-321, 2001; Yates et al., J. Theor. Biol., 206:539-200, 2000; Fishman & Perelson,
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antigen exposure and that largely determ ne the enabling context for

| ynphocyt e expansion. Specifically, these nodels did not include detailed
repr esentwoiosnsisef APC popul ations or 5 the influence of pamTttiSortmnr2
peripheral tissues on the APCs. In addition, these nodels did not
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by APCs affcrnbigen exiose; Whereinpigenrspeciiie tynphoouirs trefficiqm arrgidtisshse
present i i - A [ni ptive
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nodel of an adBpdauseetheseraxistiag mesiebndenotiindhude allepéataofthe ndaptive Shgiuae s

conyeyed at the site of ti.,gen exposure. 20 Anot her epbodinment .i ncl udes a
o B eneBbrc Rt Siaphesd 1 ARG b BreEs PR UP AT G ok SE R HGHE CABIREd £ o,
for examiegporRBt DU BmBSAARAE biifle GRlchtiéVRGdIosc@ Ukt BN omf¥fe médRl BE @kl on,

| ynphocyt e ‘activation, and/or |ynphocyte trafficking. In one enbodi nent,

t he nodel adspfiveineowns refponse within the fynemierlc of Bgnilnesiveyedrat thyr siigwd ehidgeni n
response to antigen wthin . a chronically inftlamed peripheral ti a

ol | s SRR WG b pFic Banf bel oA e O et PRL e
activiti eﬁgnaamlelivﬁfmh?ﬁé&@@s ﬂmm#@?b@ﬂi@/lm@hwesi ncl udi ng nat urati on,
activation, effector function, apoptosis. In addition, the nodel can
accdiint for immne cell trafficking between a chronically inflaned

peri pher %UM%@;WI’%WENTIWhOi d tissues. In this enbodi nent, the
nodel ca f adaptive immune responses, from acute
to chronic profhempsseneinvamibid@latasgepertly ¢d a téhepltek@byel of e atgtiot immune

t herapeutic inventions. .In another enbodinent, a tolerant. i ne reaction
can be. moERUEE. (e PEpimeaf GHP BSHIORIRA P 2P UPRES Mool A NFor ol

ti ssue do; S TaTaNYd td s ant 4 WO
05/ 001801 e SRS Cw B R SRR oh0eycR ol ielE uF Bid ol
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mechanisms related to, for example, antigen-presenting cell (APC) recruitment, APC

maturation, lymphocyte activation, and/or lymphocyte trafficking.
In one embodiment, the model can account for cellular dynamics and mediator
production in response to antigen within a chronically inflamed peripheral tissue, as well as
25 the regulatory effects on APC, APC population dynamics and activities, and lymphocyte
population dynamics, including maturation, activation, effector function, and apoptosis. In
addition, the model can account for immune cell trafficking between a chronically inflamed
peripheral tissue and secondary lymphoid tissues. In this embodiment, the model can
simulate a diverse set of adaptive immune responses, from aéute to chronic progressive, and
30 can predict the likely effects of therapeutic inventions.
In another embodiment, a tolerant immune reaction can be modeled; wherein,
signals and characteristics of the peripheral tissue do not provoke a lymphocyte response to

a particular antigen.



BRI EF DESCRI PTION OF THE DRAWNGS 5 FIG 1 is a schematic representation of
a 'conputer systemw thin which software for performng the nethods of the
i nventi orwoag/00883i de or be executed. FIG 2 is a sunmary acagrsamashat
depicts the conponents of a conputer nodel and their interconnectedness,
accordi ng to atnahdretitvdinhenddf theényantier it ani anabyticelonodeh ef thetadeptivaiimmaynei s an
exanpl e of a peripheral tissue. 10 FIG 3 depicts a flowhart for a nethod
for develrﬁspﬂoﬁge'a conput er nodel of an adaptive immune response according
to one enbodi ment of the invention. FIG 4 depicts a flowhart for a method
for devel oping a conputer nodel of an adaptive i Mmune response according

t o anot hdBREDH DESER | BF THYERRAININGSG, 5A shows a portion of the

P THO

Ef fect Diagra r.esentin dendrit'.c cel 15 precur.sars. . arating
from the bl oog% Iqui _ds?ﬁ‘%‘egia %?r‘?fﬁﬂtag?l? ﬁg@CTépD'g%fb%Stﬁmo ‘g{%ﬁlgn%%?@é"% iAg
mat ur at i QRrfopafifR tHe RBtHods 8Mthe iRRif®iay @€sidd\ér Helexsaéd.i nvention. FIG 5B
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por t1 on AT e FEERALE Hoadhuinpls ol B Rim e P B spBenaly bty S8

i nvol ved difivayi ighakkanplanda pedpheadl itiesueof ai rway DCs, according to an

enmbodi nent of the resent invention. FI.G 6B shows a portion,  of the Effect
Di alft am repr es@ﬁ-ﬁrﬁép{cﬁea%‘?vmhéﬁifewnﬁ@ée@% clopes yter hedelPh#t on and

mgratio RAzarelaBoTel| @ﬂﬁg (ot A shbedlnBinsh. 25 the present
i nventi o%dgé?égﬁgﬁ sho%é’ga@%grtl t%of tehg)OE??ect Di agran11 representing the
bi ol ogi cal pr del€s dekepicisa/idwandrtifor ametlpdrfopdastoping 4 ampyeranedepf ®Cs,

accordi ng to.an. enbodi nent of the present |[nyent] FIG .. 7B shows a
portion ?ﬁdaPtﬁ‘ée W@&reﬁoﬁﬁ‘?%Fﬁ?‘idéllﬁ@sat?ﬂﬁ?eﬁﬁmjf’ﬂénﬁfl{)&gﬁ? P cesses 30
invol ved in antien $Ho®s @@bﬁidnmftmwma@@ﬁﬂe%}%egﬁ@ dehdtitigeell

enbodi ment of the present invention. 5 WO 03/0C 1 PCT/ US02/ 20672 FIG 8
shols a pweursors ofigtating Epmdhe bibpd dita the Aipyvsastaimgyte sehnspslgtiens processes

of medi ator. production. by ai ing to an
enbodi rren@dgfgogﬁmg%?%?gh%&?@\y/%ﬁ? %@%ﬂ%ﬁ@el‘gﬁggﬁﬁwgﬁ%ﬁ%@g h of the Effect
Di agr am r epr esEl@. isBgshblve aporlongiftied Effe@dHagan reprefdndhg deCeaubpopalationd 2

honodi mer and het er odi ner _producti on capability of nmaturing ai rw%%/
‘ trafficking between the airway and lymph nodes and DCs in the lymph node, according to

an embodiment of the present invention.

20 FIG. 6A shows a portion of the Effect Diagram representing the biological processes
involved in migration and maturation of airway DCs, according to an embodiment of the
present invention.

FIG. 6B shows a portion of the Effect Diagram representing the biological processes -
involved in maturation and migration of lymph node DCs, according to an embodiment of

25 the present invention.

FIG. 7A shows a portion of the Effect Diagram representing the biological processes
involved in antigen presentation by airway DCs, according to an embodiment of the present
invention.

FIG. 7B shows a portion of the Effect Diagram representing the biological processes

30 involved in antigen presentation by lymph node DCs, according to an embodiment of the

present invention.



DCs, according to an enbodi nent of the present invention. FIG, 9B shows a
portion of the Effect Diagramrepresenting the biological processes that
det er m newDlo3a@1shonodi mer and het er odi mer producti on capalpCiritusy2/afe7DCs
trafficking between the airway and | ynph nodes and maturing | ynph node

DCs, accor di ngI608 difowda podnet iofBRIE et Divgriin eseadenting thethislogicHllgroce88s, in
conjunction with FIG 9D, shows a_portion of the Effect D a rqiam

r epr esentof Bpdiaber msp@cign byaingiey @ad Swaph prAsIlYey 2pspriingdo ar gghodimygnt oftthen of
IL- 12 h i d heterodi ner production capability in mature DCs,
accordi ng)g%ghgﬁ{’eenrtr@gdi ment of the present invention. 15 FIG 9D, in

conj unct i on WHIG. FAGho®Ea pettmnsf sheddfifédt Diagrimtrbprekdntiag thebialggi@al processes

representjng the biological processes involved jn | ate-stage regulation of
| LL 15 homRRerming Hr HotasmeslioREAm el es Rradplith FapepiLiY O RS peyay
accor di ngd0 480 @H%@&' TERbo@eh 6 thPpREGRInveRMEA i On. FIG 10 shows an
exanpl e of an E]I ect Diagramthat displays a taxonony of CD4+ 20 T

| ynphocyt e st &tl6s9B abows dpogionof the Efided Diagsan reffreseniing thesuelogicahmgatdssss.

FIG 1.1 _shaws an | e of. a portion.of an Effect D agr hat | cul ates
cone T RGP Re S Ries B BT s L R GT R he
present iR tRNairkAFandignipRaEesihd A TRhEyRiptendiR MO Bc@rdiag tdhf ect
Diagramrel ati ng cytokine  binding and cell-cell interactions to CD4+ T

| ynphocytegbedipesnsiobthe paesenbingentiont i on, and 25 apoptosis, according to an
enmbodi nent of espresent. | ] - Di.agr am of

FIG 12 with 5&3&% EOtyprctiot %{g&ﬁgﬁg?%hg% ascgcf}cﬂuﬁ? g?ﬁlg n%ff:egﬁ???ﬁag‘g in the
LN pe2 exgabsindig fiersiblogitangdesssasdnaldidig late-stageeagidatiamyftiL- I@fhonieliperesent
invention. FIG 14 illustrates an Effect Fn%g?gram .hat de ilgﬁﬁis Thli nd Th2
cel I "t r afpd BRterrsimer produshiom prpgbality Y MaHE IG5 2SCORHAS MRy imgreiihes

accordi ng.ta an epRgdi mrent of the present invention where the airway (AW
is an exg’rrrpsllé Byet peripheral tissue. 6 WD 03/001891 PCT/ US02/ 20672 FI G
15 13 | ust r at eFIGn9Duinxenjwktioheithdde! 96 vhwive g poxipansi tbaEfect Dihggm) and Th2

Cul tor o, FeREESP AP HOIOgRLBL SaRIC B PrIte B SRRl bR G

i |1 ustr atgg hatersHihPiiproahictidneapily ik htkure §1TC hécobdnh Yo Adeibid@est offthelhl  (_

) 5 and Th2 () cells during a sifulated in vitro primary culture at
r el at'i velpyesestangernttiogen dose, according to an enbodi ment of the present

| nvention. B &Igl Yg | b8 Uh L §5p120r QHERYL bl e mAPHE af Pl SRR F S SCBYQ! Vi Ng
20 T lymphocyte states, according to an embodiment of the present invention. '
. FIG. 11 shows an example of a portion of an Effect Diagram that calculates CD4+ T
lymphocyte cytokine production, according to an embodiment of the present invention.
FIG. 12 shows an example of a portion of an Effect Diagram relating cytokine
binding and cell-cell interactions to CD4+ T lymphocyte expansion, differentiation, and
25 apoptosis, according to an embodiment of the present invention.
.+ FIG. 13 shows the Effect Diagram of FIG. 12 with an example of the mathematical
.~ calculation contained in the LN pe2 expansion function node, according to an embodiment
of the present invention.
FIG. 14 illustrates an Effect Diagram that depicts Thl and Th2 cell trafficking as

30 modulated by chemokines and adhesion molecules according to an embodiment of the

present invention where the airway (AW) is an example of a peripheral tissue.



and Th2 Ocells during a sinulated in vitro primary culture at a | ower
antigen dose than wused in FIG 16, according to an enbodi nent of the
present iwoesbiwsar 10 FIG 18 illustrates an Effect Di agr Zemwtusar2@epi cts
the recruitnment of DC precursor populations fromthe blood into the
peri pheral ti d89Geladhstrdiengn bmtpanoiéthbcmlidatshbwhfg ¢xpensipm eS €ht (§rauéAh on

where the air iS an e ri phe tissue. FIG 19 illustrates an
but put - ofcehEs b adin o i dove RBeLfrblin Bromimey Gt aroiSon

mol ecul e SXPHRIFHhAN of thelR&eftt f¥BMidn. SSue fol | owing antigen chall enge at
time equal 15 to zero, "according to an enbodi nent of the present

i nvention. FI GIG206 illustrates an estpahofahe plmeldhattdwiqm@llvingaumbet]siOéffbl (ke

si mu] at ed ti f. bl ood. nmopac red wi;th th X ntal
o s P B R EE R TBRA Y vitto SSRGS A Ll BT TR fhe
present 'd&M&ﬂIﬂgQGanEﬂn@od@rﬂentbfﬂh%tp'i@%ﬁﬁn%hn@ﬁt put of the nodel that depicts
the sinmulated Kinetics of tissue 20 DCs O conpared wth the experinental

resul ts repor tlE byillstratceen antputoithe p)odeléh@t&ealqﬁgevoﬂ‘ananu@m@if%h(—af t he
t t t
Phe” ki nerdter gDl ind B st MERHGR) AR Bty cltheeh 210G R ey bRpdicP! V1S

r esponsesst®id Fi@. ng, /&Bo1dget0 acltmhﬂoelﬁlgaatafﬂielmeﬁqimaénti@ zero conpared wth
the experl mental results reported by Upham 25 et al. 1999 ( ttjggod nonocyt es

0 bl ood DCFIG: 4§ lkystatce g% Efﬁeaw@grag} thay dppipts fhggerrxe@ent o NC PECESPHi ng t o
an enbOd' fatl %s £818 oy %g&qntb A1 fidsfe a&%ir_dﬂl%lﬁﬁr{ ahBSdiARn iUt  of

t he nodel eplcts si mu inetics o magration to the | ynph
node in tﬁlesenbmtfmttonoﬁhan@thepanwdﬂas alwexa,mplepﬁmnpdnnsalmm CD4+:; T Iyrrphocyt es

(7) 50 Bnd veriibeteAfisfABs on SERH oepERbab bR e MBBH AT of o

present ijanefbn ABlechib@xprédsion inihk hatvas uagheqmmfg%u AecHERde dt finle cdami ct's
the' sinmulated kinetics of DC mgration to the node in the context

of bY odudpizew, hesprdingto wmctlmelmzﬂ;herprﬁsawrwgﬁm%m PCT/ US02/ 20672
I hocyt es XR§ t I ul i
et "ol Yooz (G0 SRTREGAE: M okl S BRI RN BbicifRY shuRERESE, i

DETAI LED rﬁlﬁﬁﬁﬂeﬁ’glmnﬁa@%m Bwexgdiingitalseslts kepoetetl boWhietlak d966 (e)conput er
nodel ing of an a aptlve i mmune response. The adaptive imrune response
nodel carfcpdipgde ap gmb §6‘F1§¥1F©Ethélpf¢sﬁ{“é§1’%’t“§ﬂ with other conmponents to-

represent a hegld gy i1fstrHes S2S&BuPEYRE Bload ¢ Qtl de Yc‘fst ﬁ@sﬁﬁ@ﬁ%ﬁﬁ&h@s 615t1ssue A

af fected by the adaptive | mune response. |rrents resent
i nvaht i orDCe(-dtcentpared with the experlmental results reported by Holt et al. 1994 (0) according

to an embodiment of the present invention.

FIG. 22 illustrates an output of the model that depicts the kinetics of blood
monocytes (=), blood DC (= =), and lung DC (= * - ) responses following antigen
challenge at time equal to zero compared with the experimental results reported by Upham

25 et al. 1999 (blood monocytes = 0; blood DCs = x) and McWilliam et al. 1994 (lung DCs =
+), according to an embodiment of the present invention. -

FIG. 23 illustrates an output of the model that depicts the simulated kinetics of DC
migration to the lymphnode in the context of non-productive interactions with CD4+ T
lymphocytes (=) compared with the experimental results reported by Ingulli et al. 1997 (@) -

30 and Vermaelen et al. 2001 (m), according to an embodiment of the present invention.

FIG. 24 illustrates an output of the model that depicts the'simulated kinetics of DC

migration to the lymph node in the context of productive interactions with CD4+ T



10 nodel ed responses of antigen-presenting cells (APCs) and | ynphocytes to
i nmunogeni¢c' stimuli, in the context of human di seases that involve the
adapti ve womanelspesponse (e.g., allergic asthma). |n parPCeaisaz06ehe
enbodi ment of the nodel includes a peripheral tissue environnment, a

| ynphoi d Iythplsecgtesifud ¥ conipardd, W1&nﬂ16te|xpérﬁmentalf resuitsuregorted blydngeltiwe e 1997 €)no
corrpartrrents The perl pher al ﬁﬁjssue resented in the nodel can include
for exanpfePrding tp gpgmbggdiment ¢ ggquﬁ%t YRR or the central nervous
system The term | ynphoid tissue environnment as used herein can include
primary, secondary, and tertiary |ynphoid tissues. The nodel can further

i ncl ude DETARBERDESCRIBTKONet i cs .of anti gen exposure, the character and

dyn%m' cs of APC popul ations (e.g., dendritic cells), the expansion,
di fferentiati on and contraction of aﬁly%‘@ﬁ—spem fic | ynphocyte popul ations

(e.g., T 20 | yimeheekheBventdNdelbRS t€EQAp IO MBNlingRIfAh AAARR iRhuieNDr Y
| ynphocyt e popul ations. In one enbodi nent, the nodel includes one or nore

of the f atsponsenJTHecdapiivesmngune responsamigeltcanhe béqd/mewlfélomequnpih@a@ld Wllﬂs sue

poput ot G aPrRPHE FbtelEh Fenb PR AR RR Sh Paf 2ER.C)

pat hways affeeked dly ltgsadaptivdihagesisipohse. hEﬁ@G&lmdﬂtsaofdh§@‘a§éht $dvahigor iel®e to t he
nodel 25 is not limted to a steady-state representation). The conputer

modd  of Masdelqsiresnansesi of patiganarereaiing sl @ %) apdibmnhogytshin mmaEngeris|
i nter Ve@hfn%ﬂ% 1R kit o ai;l?ﬁg}éﬁhedlgéﬁ ESInvHGd uftSad tx%rlﬂin‘fm?e%%%ﬁﬁe anot her

enmbodi nent, erapl es I ng pat hways that are present bydel can
be ‘i npl eratﬁatgeadaﬁlnﬂa)uiaqiammulaproadienﬂoodinmrﬂipétlmlmodahhmhwesa p&ﬁ)phwalhmsmi cal

Model Th th t | del d t
Sof { viar o BB BEBHOE IR GYNRRHENDEN oAt PPLE SELOREFSR A TFR an
adapt | Ve dHEARCHESIREREpTERE s 034ALLA. %Iélléﬁﬁ%{c@&ﬁﬂf%r ol A0l Lhe

mat hemat i cal equati ons enpl oyed may include, for exanple parti al
di fiSer entlirg, skisgunsastiongoins poiisasnira mrxfduersm’c@maﬂhemlm oiddispeer entl al

al gebrai c ua ffer ence uat i ons | | u

mmpe. eadarrobg RS nedtistdh B Rels 5P Ra0P Speritiynt WL e R IRb EBRETC.
one enbodi mentThetrh&dd 4 irthér ihbladeaicharictes ahd Eﬁw@ésl dfraﬁtlglére@pre 5thé he
nodel are ordinary differential equations: dx/dt = f(x, t), where x is

an N di m@ hapetgaan icsHARC poRtetians (p-8pAeadtic aeH®, %ﬁe@wwsm vari abl es

ensi ty ThorRatR T C R Sof QPaREhShLANE LA Rl B R ™ ) Y T

ti s, dX/l}dhpIhdi:ytdS): andltl&z aéatiohand enaddfitexancp of memory lymphocyte populations.

In one embodiment, the model includes one or more of the following features: (1)
communication between a peripheral tissue and a secondary lymphoid tissue, (2)
establishing a stable balance of populations within and between the two compartments, and
(3) feedback pathways that allow for progressive changes in a disease state (i.e., the model

25 is not limited to a steady-state representation).
The computer model of the present invention can be used to identify pharmaceutical
~Interventions to treat immune diseases such as allergic asthma. In another embodiment,
therapies affecting pathways that are present in the model can be implemented and used to
-predict therapeutic outcomes.
30
Mathematical Model

The mathematical model implemented by the computer-executable software code

represents the dynamic biological processes related to an adaptive immune response. The

8



10 an M di nensi onal set of system paraneters (for exanple sensitivity of
the bl ood nonocyte recruitnent rate to P-selectin, naive T cell efflux
rate, equwbiobiodism di ssoci ation constant for 1L-10, etc. PCTAmsd2/R067s a
function that represents the conplex interactions anong bi ol ogi cal

var i abl esfornThétheemathématidab gquzdionyemplapdemay ireluetes fdr @xsihpletpagiabdiffeadntial

constituents.that ke yp.a .15 biological process.. Mat hematj.cally, the
above x reélﬁ?tég’énﬁtgg‘l%ﬁféc g‘?ﬁf@é‘?ﬁ%ﬂ“"‘%ﬁsf g‘g%éeél%iaﬁég%@amr?ﬂa tORSHOYCTERmpl e, the
bi ol ogi calyy¥fs kBt $ARMAL cHERedREA RLhitRSs 0Pl ol f BYoRaR b fuzzy €NZYNeS,
hornnones, cells, organs, tissues, portions of cells, tissues, or ofgans,
subcel | ullagicaloretyaersh. ats , Incdnsrengwidingent.ghe farme ofthesmathemati¢ak equations used in
superoxi des, ATP, citric id.protein albumn, as well as conbinations or
aggr &gat gﬁ?@ﬁﬂ@sﬂéﬁ?’é‘ﬁ%xéﬁﬁﬁrw‘wis HaH9BEs of biol ogical 20 variables. In
addi tion, biological variables candyact@@ep/@sponse-provoking agents, such
as antigen or nethacholine, and ther;i)eutl c agents such as steroids,

( 3- agoni s¥here ®is preNkbmensioral vegionybese stamenitispresenhthybiplogiaabyariaples of the
herein ta r : I Vi Or . i Dl

b1 ol ogi cay ANsABY ocndluiaR BECHERl AT rcklbfors EORE aclipRgthOMoRy.
vari abl esaiveor celkéemsite in Bnjphoddtidses, eyt i thee, t de/dhiasied iatteofelisnigeedixspad a
medi at or, baseline expression of a cell_ surface no| ,ecul/g% or the nmaxi num
numb@r ofan N HRERYeNSS SeLioA SYSHery ParamekT R LPT APl sERsEively Abde RYE ray
al $0_be s &flitlBn SRRGH Y scRBLNALETREN oA RNEERM G urh AESYistion RSndtll fo S
intrinsic birologlical properties. The term "biof ogl cal process"” Is defined
her ei.n t dLrartca) andf év afinchon that wpreserys tife coBPpléxninterantiond armongdinkogical
biological.vq%iables. Bi ol ogi cal processes can include, for exanple,

cel I ular Vaggb Ttment, regulation of maturation, induction of anergy, or
regul ation . of Rasintabiold PRl dhrPibldRr asdbgtib G bifidsikabiRk@Ebes thavdaketp & of

t he bi ol ogi cal process can be influenced, 9 WO 03/001891 PCT/ US02/ 20672

f or Lexanplidogisyl mrocdsaddathomatienlivethe pboveoyrapsssents thedplogical varablss 81 dgi cal
process h | 0l 0ghcal L B . egiifAl even
Cinder ot ot R 8y o B Doy SREN VBliRTes A A BERR BBl HNRCRI Bt B
of the oGRByHheN)BOrmMdénes, cetlef drganspfissiesn bodioaabl GRCES8ES or datid)subivetihlagi cal
processes change relatjve tqQ each ot her,ﬁ;he 5 biological state also
under goeLresHee shereysallyiagstivyemaleeulss like Bi oupgroxisies, A B-¢itrip acigyprofeiiy e| of
activity (o) i i : ’ : cified
e ant R AU o Gl o B B e O e SRS o DicR AP S
enb2@i nmentaritiies. bincdddiomabioddgatad vadabldsecamindieteatsmaké-pravekingegertds, sttteasval ues
of x and p.at a giyen tinme. Once a biological stat, f the nodel. is

mat hemat i8HEH OlsiBeBpeokine, andgherapritic agents ﬁ%cg@s a%er%ﬁs,%ra&%tsa%k%k%aﬁé& i on
using a Cafﬁ%%ﬁfs. determ nes, for exanple, the .

The term “parameter” is used herein to mean a number that characterizes the
behavior of a single biological variable or the interaction between two or more biological
25 variables. For example, a parameter could be the baseline synthesis of a mediator, baseline
expression of a cell surface molecule, or the maximum number of lymphocytes that may
interact with any one APC. Parameters may also be used to specify synthetic or
environmental factors, as well as intrinsic biological properties.
The term “biological process” is defined herein to mean an interaction or series of
30 interactions between biological variables. Biological processes can include, for example,
cellular recruitment, regulation of maturation, induction of anergy, or regulation of chemical

mediator production. Each biological variable of the biological process can be influenced,



time evolution of the biological variables x(t) and hence the evol ution of
the biological state over tine. A biological state can include, for

exanpl e, wba3sombe of an individual cell, a population offCraishx20622ti ssue,
and/or a multi-cellular organism A biological state can also 15 include

t he st at gorafxampREby at10dst 6RO 6BRE bidldgdda] kayidbeinphé@bittogiddl pesceés By @dlmef | Ui d, or
intracel lul ar fluid. For exanple, a biological state of an APC popul ati on

can i ncl bisdogierd meplmriEnsyhiph seed notdesnedi frtharsves 8pdsrHgodapacity in a
particul ar pe%gﬂa%f‘:b\i/&elbgiw%tﬁé” £ el ﬁérgiﬂ't@hegﬁ’éﬂegg%ulg I Blour@nfifd cul ar

point in tinme. nmune responses are responses that
target speatdsfafdiodeficalerocesses. AQ themiulogicatprovdstas chiatgd fehdtivane eavhwiiieedhby t he
i mmune S)éstem I n one enpodi nent of bhe i nvention, tgl]‘e biological state
model ed isol?giéaléta%ﬁaésqﬁndsrg%asgm? Rensasurangs o @ biotpgicalisiaienis thgdeyel ve

| mmune T 88 RANSE of BRINIRE JaIE! ParkRITL 6T0PEONRLIRG PRiflkd BinclaAATRIA WO Of

the foll ow ng Cl asses. ogi cal processes at the si antigen
exposur e spdchfied exparohentél ortenesentemthlogndddonpr ocesses on the character or

behavi or of i ne cells, bjological 25 processes relati,ng tqQ cell ul ar
Bynan o6 et wibiRergradimirt e bRl s5hih B TR unly gofaqedu e Vil
bi ol ogi cgf xRh@p@p & Biveh Ehat i@lgaetaooiélogfcbmiw of M{éﬁﬁéﬁe@istrhﬁt%ﬁatiéﬂllsﬂs??siﬁ&iér

processes relating to the interaction between APCs and | ynphoCy ,

bi di0ogi- c almgriend xegrationed b Apove asjuaien sirgibemRpWEr dotgrgreese firlesagple, the

bi ol ogi cal pra at .the. site. L gen_exposure. . For. .exanpl site
of “ant| gameeR SRR BT L8 inBles A ey RRSA o RE o iRy Em 8

bi ol ogi cavetim&esses of the tissue can include invasion of host cells by a
pat hogen, interactjions anong inflammatory cells, or nediator |evels. The

i hrrpa_ct of bi odplegical ipts can diekudeniar erammriccae F"@te_’rﬁfgj‘ﬁtiniﬁmﬂuﬁb@,na tor exarr]PI e,
APCs. (o BRI, Bk bfor BRRMSEIAL dadiah X MOt Rsgay sy ©

PCTAUSO2 irDEiéZhe diatt wé e mealigot @noénteativh gethe@kasomy imgerstitihl dlul d; wp nddadeltulas ue
m ght inc¢lude for exanple .t aféﬂi—PC ing, 0f APCs through, the | hatics or
raffi ckEHEE dior BB bisloddsl Satspenddy Byt aorcan sERIC e ARTRSRERT 5 on
bi ol ogi cale MigeRPREMtRE chPRitSiih @ pafticalt baSheBA RRSUY T aPagiular Pt e 4t OF
exanple, T Iynggoc_yt_e activation of peripheral tissue nmacrophages.” In one 5
enbodi neapartgulapgent wftimeie adapti ve i nmune response incl udes representation

i | bi ol ogi cal i ncl udi i pher al..sj i
ant  gen exposcaPlisgritistensRaR e B Ge oottt BB o B B e
pr goess e smafundadiity RRE i afd théur@sdby HRiifanluiB agstedn In ARCSMBSdmeMGBRE Yt es,

representation of the cellular di/nam' cs between a peripheral site and a
| ynphoi dinviestere thedhelogispl Bafe magdeicds 8 staieof apndaptivt Inmupmesrase.dhen a

Ipﬁ,[ ieg?g{ ?En\?‘\:apﬁ)tg%gm@l}ﬁlg gt?sgg#\segfas hpéi\i I?egéﬂ Eb%ﬁné%ﬁlﬂiﬁﬁ?ﬁ%%%ﬁt fed It\go BF
: _ the following classes: biological processes at the site of antigen exposure, the impact of
these biological processes on the character or behavior of immune cells, biological
25 _ processes relating to cellular dynamics between a site of antigen exposure and lymphoid
- tissue, biological processes relating to a primary lymphoid tissue, biological processes
relating to the interaction between APCs and lymphocytes, or biological processes relating
to the feedback of immune cells on biological processes at the site of antigen exposure.
For example, the site of antigen exposure can include a peripheral tissue where the
30 biological processes of the tissue can include invasion of host cells by a pathogen,
interactions among inflammatory cells, or mediator levels. The impact of biological

processes on immune cells might include, for example, the impact of gamma interferon -

production and binding on the ability of APCs to produce interleukin 12. Cellular dynamics

10



ot her conponents to represent a healthy or diseased biological state. The
met hod of this integration would involve nodifying the peripheral tissue

t o assunmewoOhg/oexspt i but es of the peripheral tissue target@dTiusoa2@azticul ar
bi ol ogi cal state. In one enbodi nent, characteristics of cell types,

cel | ul ar betiyresn awite bf asigep hysisoreogidedlympboidrtisatd might includy fohexagipderi cal

appr opr 1 SeBigRa 6 SFET esteh i aRRtes S s RR B GRPRRRuR AR B sheontae
can be mpdédyagr of uhild @b oh BRo18EEM TRokscAREMe a1 of dritigeh egydsase ipat

associated with a biological state. The regions of interface can, for
exanpl e, inokede. fw expmipleal lunmphsicyterrctiyatipn@sanhiralfisses maergpbagesngne he

peri.pheral ,ti.ssue and ul at i .of i j ‘
il T R B R TR S
"si mul at w8 'bidlSgitdl @BmpPait@enis irelutkea peripHerBitObf atigah begmuiccald atoa@hoildy

the nunerical or analytical nethods. For exanple, sinmulatijion can nean the
numer i calissuentepgsanipiion ¢ffthe bielogieah arasesseant appwhest sitaandihelr BBPachPD st at e

defined i [ 5 .~ . Eying an
i el g e GR b Rnta iy F B Mlartybics Berloi BB R LY "2
bi ol ogi cahd atlghphoith éssme,ome represamiationkif thaigipzal ofimnoms sels an @ pepletddite.o t he

cause(s) or t clipjc signs of the disease.. For. exanple, a ,disease
ct 406 can be. e medat &b S4eblive Smwine sppive o deduedr Bt oy BE LG
tissue, @fhedconpsantio RfrtdenCehédihdlor AIYARH HBlogb Brafll. TRBRIhGRSY thiRC| ude,
for exanple, acquired i'mmune defiCiency syndrone, del ayed-type

hyper sengitegratioly wosldstentvemadifping e/ peiiphsral tissue tqhssums thmaitribotased the

o er oor Boyga oyt uRERIT « DACRRLFin B subt ¥ PO O en ki

nul ti - cebk véidtypes, @amilsabaaimdiRies [ fhiysidXauidal bnodmalifiel] ¥idithalch@aicabmtdiamr
speci fic group of thuman patients, or the general hunman popul ation as a

whdPe. Acavisesaay of themeriplutldispes ean hegnodeledgppoarptrleoln meteuSEPPSOEPS f or
exanpl e, ya Qd(?ﬁﬁ@éﬁﬁn&{e%@l?@ﬁé}ggﬁgg@n%e%‘éd?ﬁéd Pehd el @8 OIABER hgceptor

or a di seased” process, ects 1 n cellular activation,

si gnal i n@ympiiocsess tharasboaititet withoalbioldgien] stateh Théragions of mterfage capyer al
different organs., The term "biological attribute". ig used herein. to an
obser vat €5#8P5r ngludg HB’QP{aEO%OE?‘?UtggPTPéeSSE%?ei]t%H"twntﬁw © Brigphsil digpueng; e
The bi ol Qoo il il PekiBRerd tiRQubb P iRUHNGBn-BlabiRing 3811 Qfdﬂﬁgaﬁﬁg &0BRLigicOf
bi ol ogi ca varlloabFese,tBépgrgne% elrls,?and/ org %?oceslggs. SFor exanp e,n%f olrC t he
di 9ase dythphapiytesast hma, . the biological attributes associated with the

adaptive i nmu response..can i ncljude APC dynan.cs,. T | hocyt e am cs,
o R | Yooy e R R AR SR O e B Fo et HARET ot o b RAREY st B s
attri but ghe mfnétf@foNBhBkiBallRetiB@) FOR @8athFI8EHn%1a68n can mean the numerical

integration of the mathematical model of the biological state defined by the above equation,

(i.e. dx/dt = f(x, p, t)) and specifying an initial value of x.

25 The term “disease state” is used herein to mean a biological state where one or more :
biological processes are related to the cause(s) or the clinical signs of the disease. For
example, a disease state can be the state of a-diseased cell, a diseased organ, a diseased
tissue, or a diseased multi-celtular organism. Such diseases can include, for example,
acquired immune deficiency syndrome, delayed-type hypersensitivity, systemic

30 anaphylaxis, allergic asthma, cancer, inflammatory bowel disease, systemic lupus
erythematosus, multiple sclerosis, type I diabetes, and rheumatoid arthritis. A diseased
multi-cellular organism can be, for example, an individual patient, a specific group of

human patients, or the general human population as a whole. A diseased state could refer to,

11



nodel variables or processes corresponding to biological attributes. For

exanpl e, sinulated biological attributes associated with the nodel ed

adapt i ve womanelspesponse night include neasurenents of APCrarsod2deéynphocyt e

dynam cs. The term "substantially consistent” is used herein to mean that

t he rel atfopacigle, aldsdactI@ieis buthl aa b eldfdoiiod DRérEabn-ghinfiaretpsor and diseadedgi cal

attributes is sufficiently simlar tqg conclude that a sinul ated hi ol ogi cal

at t ri but ePracessrsaelbnsdeiagss Bxeshinlar aetiyapp gl s1engling o Geld medigor pegdpshianed

-?'hglfg'rfna‘lvhigﬁk{ab’q’%ﬁi?@g@hmiﬁ&%ﬁ%@%t ribute do not have to be identical.
ubstantrally consistent™ can be, for exanple, sinulation

out cones' denoriBiertatm fiyiolediel attebute hia ngekhdreindo padah ebseredtiony bokingrestievel s

that _are sjmlar to rel.ative, ch es | . pattern .of 20.cytokine |evels
measir ed THETHATIFIYRY M BieloEan gy Lo Plotpgeal pHrewes stabilaeical srissen The
term " r efiRrA0GEARhisSSbiolbSicHBREabIRE, Pafhinl @erSBRR/ 6 pp&les@t. Pbdxagiptafor

attributes that -are neastred in a nornmal or diseased biological "system
under spébé flisexbeelprgrd astinha|the biohdical trhutdmssataapvith theaslapfeemeners
pattern of an allergi tic m.ght Jinclude neasutenents e%qrrred on
g exu ST SPoPen PG CaBRise | SRSt et ot bonioss Syl het ry.
| ung ti ssyeduekidnbi opsy, or blood via venipuncture at a specified tine
following a particular chem cal nediator or antigen stimnulus.

Al t 89 nat i vel y, Thererm gsisndatedbiolnsical #trgtute” Apesaielaainde merg Heasurneig on

measur ene . I i - QI LSea . or
i ) - uree S b BTt e SO B, poP LRERIC IR, O
bl ock di agslagical attrbutsrpstictitedSy il d@mbdeddadapiicdiniinene wgidneeimighe saoludeed
above can operate via software code,  according to an enbodi nment of the
present iTAYAEHECSALS of HEP (¢ R JyBPhesyte MAIEtS- i ncl udes a processor 102, a main

menmory 103 - anfhAesh a&ﬂb@taﬂﬁ@%} é’on}@fént”"i@ LS 1&n GO URLE thabYhe RIS dRXRip The
conmput er system 100 can 12 03/001891 PCT/ US02/ 20672 further 1nclude a

vi déd di dpbesensmnnlateddi¢legigal atkibuiegandibmlog¢ad lattdbstps msufficD)ly simidatthode ray

tube (CRT)) 0 ich a user.interface can b i spl ayed.,.The. c ter stem
100 can aebeltds bk & Fatusied sk G AR Rt Ay c e Rt pbip e s ARG 8T oy
a cursor gt bisieyicseatdibate 4R HologitalMibale doPndlihate BicMBer#idhll Thkdernd
signal generation device 116 (e.g., a speaker) and a 5 network interface
devi ce nedvsantmly cprestents Ranibe, fer axainple] simulaitin erdepmesdsmousteating relaed| e
medi um 115 on ich f re. 120 e st . S e C | so
Tosi do. <o of apguaR s ARt S oe SHLE Surel e RBM S S BRRASOT N i o

t he2@r oc aStdkinell@vels Teasursdin mbm etk petithet Bit voich diffrsiubdotide Caluésecei ved
via the network interface device 118. The term "conputer-readabl e medi un
i s used her ei nlRedeimcredeiencerptipmdiuRRetApEn lorpeansa ¢ phblobo gyl airehyinyhay
encodi ng. 3. SRAUEOER LlorhAPbf Sl FioREiaPHRRN Bhad SpERfidH 8QeliliEntal

conditions. For example, the reference pattern of an allergic asthmatic might include

measurements performed on lung exudate via broncho-alveolar lavage, lung function via
25 spirometry, lung tissue via biopsy, or blood via venipuncture at a specified time following a
-particular chemical mediator or antigen stimulus. Alternatively, the reference pattern of
. APC behavior might include measurements on cell cultures derived from a normal or
diseased human or animal under defined conditions.

Computer System

30 FIG. 1 shows a system block diagram of'a computer system within which the
methods described above can operate via software code, according to an embodiment of the
present invention. The computer system 100 includes a prdcessor 102, a main memory 103

and a static memory 104, which are coupled by bus 106. The computer system 100 can -
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met hods descri bed herein and can include, but not Ilimted to, optical
and/ or magnetic storage devices and/or disks, and carrier wave signals.
The Conpuwero3hbidel Suitably, a conputer nodel can be usedPCo/isopb@mnent at

| east some enbodi ments of 15 the present invention. The conmputer nodel can
be used fiotheainchrdeatvde digplaposiéd 08 fog., abxtadptwtalﬂtSptaadL%MeathOdeegear cher
to: (1) thednamcso t he Di state ass Ci d with an
adapt | ve HRTGRG B biEd MRS fact 4 SR SR iR STy 0O Fa e
initiati geLarRtnERHRLRRMHAnH @moedapgé ¥€a k&ypeaR]) Lonens@nabrddvite ifleedback
wi thin and between these pat hways gain a better understanding of the

physi ol oot mausdagisk davegnit Mr?eﬂgfé% 5@wg?élon(d¢ymé>ééﬁd¢ &, avpeakentand a
hypgt h t
porSnt § anofta HheBilRabl e ploAME 18 CRERSE Ryl L1 £ROMAY o BfoRE, 0L L 2

and t hei keadasle medivng 1 18 6h amichdftwary IIOi@mtbefstbrSdlr Thesdfewarachesilso fsidegsponse
types, and (8) organize, know edge and data that relate to the adaptive

i mune r EXPBIFEAY of Pt b, W@ﬁn ths magtpmesrary A0 apren Withindke progessebHiput B model
can incl s agﬁ% I ‘
literat urggﬁ‘g%ev\zb 3 élﬁ ﬂg&%gseg%lV£st%}§gﬁﬁg§\/0hgﬁg%ﬁé %ﬁ?ésiggét abase

wi t h addi t i ondlhe tehdicompesr-oeadableenediumirsntsed hemnrkoamiudie miymbda'um which

|nf rmation to t e r.el evant c onent . he c ut er

D - us & CR0FRe BhTPHIE G R ARSI AL SIS GECedrs TeiBec an
or gani zalidphbds HBissibed RereROMAWaR ind S but Iﬁ)@ﬁmli’l%d% 'S)%ﬁ@blaelnklf&%a%ﬁ@c‘i@ edge
management system focused on the adaptl ve | nmune response. Wile the
f ol | owi ngtogigsalewiseomdiar diskst andearadr veavesignalser nodel , one of skill in the
art woul d recogni ze that the mathe tlcaier g1 ons of t he nodel nmay be
analytically or nunerically i wﬁmﬂ% t the assistance of a
COmeut er. 13 WOitahdy, bautd? @l dbaad BEEsER to Hiflembn it dgisasonadenimdimeity of -
ram |l n one enbodi ment, the conputer nodel can represent vari_ ous

bi dgogl c the pressnbBRERtos. dhecormatar siadel sandisdied frr ageEiehr ofmmpsee ForD agram
i ncludin rﬂr@,ﬁpy | £ ahmd sent the
vari ous %I %P@gi ca eélﬁglggdslg aﬁgﬂfeﬁﬂﬂ (I&Elo ugag%gfglﬁgysteﬁf%lhgﬁ%oéﬁﬁetg These
nodul es pssoviatkd witt ancadaptiee mamosgtaspdnsedp) wkudlize keyrbdnéd)gm:ﬂlpath&lasmfarelm esent

and encode .sets of qrdinary _differential equations for
"t ogr at FBHALGHG LB SRR SRS THBYBR SROAR 304 0 fBHPIEh b e

" Mat hemapLalen BRYADARRSys, @)%ﬁ‘ngbétfbrhﬁ@ergﬁﬁcﬁﬁé oPHRPhHb10gl O rkh Glapdves @

summary di agram t hat depict's the adaptive immune response conponents of a
mo@8l andnieé resportser (@d axoteciddes hypabeseslahogt adapdive émboae mesponsss, (Fhe -
pr esent

identify and prioritize potential therapeutic targets, (6) identify different types of response -
and their underlying mechanisms, (7) identify surrogate markers of response types, and (8)
organize knowledge and data that relate to the adaptive immune response.
In addition to simulation capabilities, the computer model can include a built-in
25 database of references to the scientific literature on which the model is based. Users can
augment this database with additional references or other commentary and can link the
information to the relevant component. The computer model can be a multi-user system in
which the information can be shared throughout an organization. Thus, the computer model
can be a specialized knowledge management system focused on the adaptive immune
30 response. -
While the following discussion is in terms of a computer model, one of skill in the
art would recognize that the mathematical equations of the model may be analytically or

numerically implemented without the assistance of a computer.
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invention, where the airway is an exanple of a peripheral tissue. Each
squared node shown in FIG 2 represents a functional nodul e di agram

di scussedwomseofsal | y bel ow. The conbined functional EffeeCThisaye@mns can
represent and nodel the recruitnment, phenotypic 15 nmaturation, antigen
processi ng, death, and departure of APCs in a representative peripheral

tissue aﬂ:gfl\é h node q()#’\xl%l the.recruitnent, expansion, differentiation,
deat h, ant i W W%ﬁ&lms in a representative LN and
peripheral tissugs e@hsiiRE:, ReQduut@Mmodl cail\@picsatt viBalisHislosicay t hese

cells, subject to the tinme-varying stinuli_of antigen and Inflammtory
si gnal s femppudns praneqhhpisas throsghidie uge of n Bfectdagdingmeiudingya supamary

present at,i on can, be char.acterized.in the uter ..pdel h

Dvas abi e And s AQHRATI A A bl PR PR Bhsk ¥t 8ihe ane i gen
. pr esent aidl@gicdl SystemtbRRig el aL  EiesZ 8bdbles bRvidvtt ol Bduncgtaldegsotitie per
cell, the average expression of costinulatory nolecules (e.g., CD380, CD86)
per cel | mogell boGpeEPssert and eaerderseisipf ordmary delbrertiab pawasions fRimamesial
acconpan [ . } . e
cxcpr oooi SCepR o AcRiBE FkaOTbeld Bl 68 ot ZhREH ARy BahOR pAHAIGR

| ynphocyBasodd in thelEfftct MiggamTost i nul ati on effects invol ving ot her
accessory nol ecul es can be podel ed i ndi rectlal. .For exanple, CTLA-4 can be
mod@ ed i ndi r &8¢ 5 is5SupHRgrY iparsna thatdepictsitheadapfize BRImEsREesPoRse GpRORSAE
popul at i g, Y RRMAEEHER idtBEoRLREGARS! £R2brdiRARl andinfboifattt A et frildeatigh 30
cell-cell Interaction, cytokine production, and cytokine effects. In each

r epr esenimtentien, twisseithe apwnapas amerample pf orénphepl ddwei Fgcle equasedomdeshéuine t o
a conmon.c i ne pool; .dif.ferent. . subpopul.ati ons of .T.lI hocytes -

escr | bell LIFaebrebathb ficlig e bRt e iy Yt 501

PCT/ USO2e@Biid fliitiof AR DiabrinidBdineyteeri? @Rd hddbians ratndirh&ie, sHehbepic

cytokine mlieu vary over tine in tandem each infl uencigrg t he ot her. Thé
parlfi cul artEptien pniagrasassisaclogtih and densriarapisilicsiad tearesefiai@nespheyal

particul bi al.oqj f i , ecr yUkd nenat.: s, T
Iyrrphocy'?i ésuse tag? @Z[ﬁ bﬁgé%ee@“ ,_@Qgéﬁr&@gg%the%%lgg,hdg%%@%&%og %ﬁ:@[\%&l@et of

Ef f.ect Ddeghransof Teyrpledyics i hecppesesative ENtmdiperphieralafssiid) and thegprddwtion

Mat hemat i cal Equati gns Encoded jn the Effect Di agram As msfnti_oned bove,

t he' Ef f e®f clrsraigrlanediaioss by hepsicele seiselip Abg Bmeupryinestipep! aofigeraRtht i ons.
This sectl i i m.encodes a set of ordinary

di fferenﬁ%mgg{};%?ﬁ%ﬁ%%gﬁ%ﬁﬁ%ﬁﬁﬁugh t he di scussi on bel ow regardi ng
st &0e and f undh bomembatiment; aftegen presebiatibogarchd chasactaizee sn fhercompnir st ency,

e 0 SCUL R, By S e R AR S ERESRAL L el AR Tt

presentation is further characterized by the average antigen density per cell, the average

expression of costimulatory molecules (e.g., CD80, CD86) per cell, and DC mediator
production . The degree of costimulation accompanying antigen presentation is also
25 determined by the average expression of costimulatory counter-receptors (e.g., CD28) on T
lymphocytes being activated. Costimulation effects involving other accessory molecules
can be modeled indirectly. For example, CTLA-4 can be modeled indirectly by varying the
effective role of CD28.
T lymphocyte population dynamics in the mafhematical model are regulated through
30 cell-cell interaction, cytokine production, and cytokine effects. In each representative tissue
compartment, cytokine producing cells contribute to a common cytokine pool; different

subpopulations of T lymphocytes — described below — respond to cytokine. The nature of
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State and Function Nodes 15 State and -function nodes display the names of
the variables they represent and their location in the nodel. Their arrows
and nodi fweros/oorsgdi cate their relation to other nodes w tiRCA/USOE20502el .
State and function nodes al so contain the paraneters and equations that

are used thoceabipsd & Iymghyvake pspubdtionhend theanitadit@gtokiheshilish atgdvexp@e iment s.
In one enbodinent. of the conputer nodel, the state and function nodes are
gener at ed2deay cashipfugnene thedthgt hod described in U.S. Patent 6,051,029 and

- di i i. ) i & . i " Mot f
qenarati ng. o oAl e bR 0 vl R Bl BB EIED IELORE ©

| i nk r epriesiepical fuoctsors (augd IO tderatmentsi 0@ states, Trigopharyét eated) Pagen AbY

reference, Furth exanpl es Qf stat nd_functio odes. are furt her. |
di sctissedhiuehd- S %&d’é‘&’?ﬁt{ﬂ et of %@‘%Pfg'?w%m&vﬁwglm the Plﬁéenéﬁfngefhmem
Di agram 4R §96mion. St at e Node variables in the systemthe values of which

are determi ned by the cunulative effects of its inputs over tine. State
node val ues are defined by differential equations. The predefined

par anmet er for .a state.no i ncl.ude i initial value (So) and its status.
State no tl{e}’l‘é@%‘i@@“ﬁ“?\’éﬁ 9?‘1%_1%3 m ﬁlé“v%ﬁfﬁgf_’lﬁaﬁﬂli onal paraneter of a

hal f-1ife (h) AoheRtiehddaBelEahdEffeet Diktahinib b huslrEpRkentatioangiicanodddes, the
doubl e-border ovals in the Effect Di a%_r am Function represent variables in

t hel@yst esqpetirnsy Jhifessgcaon descrbes how tha giagsim engades p gt of gfdinarydiféeretiadr ni ned
v i _ IO S o
et on SRR AR R, i diBion B0 Y PRI i il

Functi on es a unctrons <o elr rnpu
pr edef i nadferpiartasitetienlsvdrablea férooasistencyn duadiscussiomn @lso rdatesiot vasikbieabligny FO)

and its status, Setting the stafus of a node effects how the value of the
node i's PPEIPRAIFIYPS ng“%egé’toﬁge {lﬁte‘gt"s]ﬂ‘étt olggicp Y\%}ai%@ﬁ' node can be 5

Conmput ed gtabRBd Yahdfon NodR! cul ated as a result of its inputs | 3
Speci fi ed-Locked - the value is held constant over tine Specified Data -

t hel§al ue var istewnd fundtior nadesalistilaygthe oameedbthie ivedald et theywaprasent and@hedt at e
and function. nodes can.appear nore than.once.in the Effect D,agramas alias
nodes. A 'pEoRGuER HPE REFE hriR: fod BRGiESR ReBe g EaBRin SRR e node

i 11 ust r atyignin @ROMBdel. Bdte RRHRSCcESEncHeS Qls6 8bhtARGHE YatahiRtdrs BRSIGhhtRhs thdtt h
respect to arrows and ot her nodes, as being either source nodes (S) or

t ar get nctiessedy compuiedhe nuessordhar vastahlesdn gimulifed exparignests. dn pBOs

embodiment of the computer model, the state and function nodes are generated according to

20 the method described in U.S. Patent 6,051,029 and co-pending application 09/588,855, both

of which are entitled “Method of generating a display for a dynamic simulation model
utilizing node and link representations,” and both of which are incorporated herein by

reference. Further examples of state and function nodes are further discussed below.

’ State nodes, the single-border ovals in the Effect Diagram, represent
State Mode
‘ variables in the system the values of which are determined by the cumulative
' effects of its inputs over time. | '

State node values are defined by differential equations. The predefined parameters

for a state node include its initial value (S,) and its status. State nodes that have a half-life

~

Function nodes, the double-border ovals in the Effect Diagram,

F;’;ﬂ?n represent variables in the system the values of which, at any point in time, are
determined by inputs at that same point in time.
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and target nodes are |located at the heads of arrows. Nodes can be active or
i nactive. Active 15 nodes are white. Inactive nodes match the background
col or of wbesgbfsect Di agram State Node Equati ons The corpOtusbr/zmat st at us
of a state node can be Conputed, Specified-Locked, or Specified Data. 20 d
sum of arrow eFunstivhasdd’ are QefinSt diyeldydeifc Laoforsasdt theiFinpatsdThe fredéfined sum of
arrowtsr as when h > 0 25 Were Sis the node value, t is time, S(t) is the
node val uargnetessifer a funchepmneds igclide 1tpgyital vakug (Fo)pRE 15 51281- dots at t he end
of the equation indicate there are additional terns in_the equation

resul ting foeWngMe datneefa pegeritectsd thg vrive of the nada ingetamyineds e stafusn
arrows t hefia stéedr Bgetiomnodetcanbe h is equal to 0, then the half-life

cal chl ation is not perforned and dS/dt is determned 30 solely by the
arrows att asheComputtde- tiedeludSs ableuhledas Spesnitfdfed-ingivcked S(g) = ,So , for
all t 35 Stat eSpueidiedIpeked iectheDald iSOt cosstatloveedmby specified data

entered for ,t f'Siw@if@H@dﬂgQﬂﬁthe x%‘h?et@ri@é)%h‘%ﬁidmoﬁﬁﬁg %?réddﬂh%@ﬂathgoﬁatsm ni mum
val ue of zero and a maxi mumvalue of one. |If |limted at zero, can never

be I ess than zero and the value for Sis reset to zero if it goes
negddi ve. | Stdt¢ aid fedctain mdes ¢ appemonotsshyr eraean thetizfifccd Meagran as gliaseset t o

one if it 40 exceeds one. 16 03/001891 .PCT/ USQ2/ 20672 . Eunct i on,Node
Eauat | ons 44T 128 AoNRS BYUASOMEOr & TRTRARE R By e AR GRLF HISEHTARREr | od
function Afi b ary/akslasfinid Hyh_ﬁeia?sﬁﬁorwiv&ihl rR§feR® PRI AndbthetnBddshes Beimet i on
node (argunents), plus any objec and Effect Di agram paraneters used in

t he funct9ider supeawdro®) oT targetandend) spruesd nasigs areflaepted grihe tails ekarroyes, ,
Eval uati op +.ah i f ' ‘ ' ' . Ef Di -
i foue he DB ML 08 ATORR, SPUEFHs KRRty oIS SRy R 0RT.

mat bgmat i males brelvatiteohgbiive nduiel weeoh théBadkgtiemd cAlor oftheEfifech®idgahinl ed Wit h
circles that .indicate the activity of the arrow. A key to the annotations
in the ci¥&e Sed in the upper left corner of each nodule in 10 the

Ef fect. Di agramy, Joh‘%[ﬂlteﬁ ohV8ad ot 55188 bl ¢4t @bhfsibd) %)egﬂﬁhlﬂo\éﬁcd, bf the .
arrowhead is hollow, the effect is negative. Arrow Types ‘
Specified Data. '

20

sumaf arrovierms when &2 =10
State Node Computed a8 _ In
‘ ot TS (£) + sumayf arrowterms  when h >0

z Where S is the node value, ¢ is time, S(?) is the node value at time, ¢, and 7 is the half-life.
The three dots at the end of the equation indicate there are additional terms in the equation.
resulting from any effect arrows leading into it and by any conversion arrows that lead out
of it. If & is equal to 0, then the half-life calculation is not performed and dS/dt is determined

30 solely by the arrows attached to the node.

State Node Specified- Locked gz = S, forailt

35 State Node Specified Data S(2) is defined by specified data entered for the state node.

State node values can be limited to a minimum value of zero and a maximum value
of one. If limited at zero, S can never be less than zero and the value for S is reset to zero if
it goes negative. If limited at one, S cannot be greater than one and is reset to one if it

40 exceeds one.
16



Effect arrows, the thin arrows on the Effect Diagram |ink source state or
function nodes to target state nodes. Effect arrows cause changes to
target nowelsbwutsdhave no 15 effect on source nodes. Theyprarashamwied with
circles that indicate the activity of the arrow. Conversion arrows, the

t hi ck ar FonstianNodecE qEafions D| agram represent the way the contents of

st ate nodes are _convert ed he contents att ate qQdes.
They are | abrge MBEQR rl%ie(eﬂlg.aéllogg alte (RPIRUE ebc?'a?vgﬁtaﬂ tSPv ngn {1 P g{rﬂr ow. The
activity vimgs efttle@lbdésheﬂsﬁw\ﬂepmﬂmgeuw tHelFendtdb @R te %’@gﬂﬁnﬁfts)bplub aftpeBject The
conversion can go either way ument_ arrows speci whi ch nodes are input
ar gunent éng Gifeg @gtamrpaﬁ@meférs ulsﬁ wthécfuﬁ?é@n@isﬁteéﬁl?ﬂ arvdaenths weeifiedquat i ons
a2 e, Bler AR bR AERI b€ ELELER poalbpM SAALRCT ot st os Effect or
conversr on arrows can be con |ona eractive. - .Arrows
t hat ar e TheFffeatDidgaane—a Albfosak i n the arrow shaft. They are used when the
rate 25 of .change of the target is independent of the values of the source

and t ar gelrrdveigtk soufermodss tohalseaicziep aapaptdsemahe hatenadtildelatinshipgken shafts
and are used when the rate of change is dependent_on, or is a function of,

t he val ubstvwsen ihanodes AEoWioehs. bellrbql@ wih go¢iss thapdicatsohe sefivtty ofAhs SRRVt hat
are intenagly t%%ﬁ@%tﬂwh?ﬂﬂhg %ﬁ‘%& ﬁ%@a‘%% fﬁ'thé/u | fdcdrfe dﬁd}%aé Qﬁﬁleﬁﬁ)de

They |nd| cate t the rate of change of the target 1s dependent on,

f uriét i on thef Rffedt Miagramu¥ anfarrovfikad ssobduhe effem depaiitvet Heh¢ argeheadosle. Ar r ow
Properties can, be splayed in an Qoject w ndow (not shown). The w ndow nay
5 al so i nellewehe tflg?e%ﬁg‘bl aying Notes and Arguments associated with the
arrow. |If Notes . are available in the Cbject w ndow the arrow is | abel ed
with a redraoTypes). Arrow Equations: Effect Arrows 'Proportional Effect
Arrow. The rate of change of target tracks source node value. dT di

=Crs' (t) . r 3 | S is the
R A L e
change of thenbdgsgetarpst stwemctdeetEffeodIrrdWS cMivercharkes ® tahget hadegdint hméeloand K

is . a constant. 15 Interaction cf he. rate of change of th
tarlget dEHESER HIBFOACS: ﬁé%eﬁr ?%‘8@1 e vt étcahah%a%rrwg the arrow.

O»

contents of state nodes are converted into the contents of the attached state nodes. They are

Conversion arrows, the thick arrows on the Effect Diagram, represent the way the
labeled with circles that indicate the activity of the arrow. The activity may effect the source
node or the target node or both nodes. The conversion can go either way.

L Argument arrows specify which nodes are input arguments for function nodes. They

do not contain parameters or equations and are not labeled with activity circles.

Arrow Characteristics

Effect or conversion arrows can be constant, proportional, or interactive.

— O p=Arrows that are constant have a break in the arrow shaft. They are used when the rate

25 of change of the target is independent of the values of the source and target nodes.

Arrows that are proportional have solid, unbroken shafts and are used when the rate

of change is dependent on, or is a function of, the values of the source node.
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d-T -T(t)a) +... dt Where T is the target node, S is the source node, and
a and b are exponents. This equation can vary dependi ng on the operation

sel ect ed wop oBle1s@bj ect 20 wi ndow. The operations avai |l ablPeTarse2/8612 S- T,

S*T, T/S, and S/ T. Arrow Equations: Conversion Arrows Proportional

Conver si on Ar newws kg dréiiRerabtiv1ARge 1svp fhia tﬁ@é@ﬁityhfr@l‘é'f@ tHel@rg¥phdiR. of
source nodé. dT CRS(t)a+. dt ds -C as(t)~ +. di 25 Where T is the

target mede mEhpyindiateibat the rﬁeeéchaegr of the dayestis dprandentrn; er afungderef si on
ratio, and a 'r1§e TG elelnlte1 Soﬁ% M(Eﬂgxae%&rn%ae Arrow. The rates of change
an

of target and Source are cons an rncrease in target
corresponds to a decrease in source 18 WD 03/001891 PCT/ US02/ 20672 dT
-= . Armw dteopertieg can be displayphisr @ Gbjest vhndowdnglethowoyeThewindowtmagour ce

Q\??ﬁrv rifloat B8PS oy AR Mol BUELRnRF b siffuRb iy o fomE™r = "

sour ce ange iwaifiighk if GeONREULEdSH e bitaly 1@[hbbléﬁﬁﬁ&§£rddrdot get corresponds
to a decrease in source. dT=R*C S (t) -T(tY )+ .. di _C( S(t)w -T;

t)" 1+...! di EV\V‘rere Tghs tge target node, Sis the source node, a and b are
exponent on ratio. This equation can vary dependi ng
on the operatr on

Proportional Effect Arrow: The rate of change of target tracks source node value.

ar CoS@)" +..
i
10 Where T is the target node, C is a coefficient, S is the source node, and a is
an exponent.
Constant Effect Arrow: The rate of change of the target is constant.

ar =K+
dt

Where T is the target node and X is a constant.

15 Interaction Effect Arrow: The rate of change of the target depends on both the source node
: and target node values.

ér =CEr -TE )+ ..

Where T is the target node, Sis the source node, and a and b are exponents.
- This equation can vary depending on the operation selected in the Object
20 ~ window. The operations available are S+7, S-T, S*T, T/S, and S/T.

Arrow Equations: Conversion Arrows

Proportional Conversion Arrow: The rate of change of the target tracks the value of source

node.

dT
—=CeReS(H"+
— £
dS
— =85+
clt ®* . 4

25 Where T is the target node, S is the source node, C'is a coefficient, R is a

conversion ratio, and « is an exponent.

Constant Conversion Arrow:  The rates of change of target and source are constant such
that an increase in target corresponds to a decrease in source.
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10 selected in the Object window. The operations available are S+ T, S-T,
ST, T/S, and S/T. The Effect Diagram- Mdifiers Mdifiers indicate the
ef fects rwoas/ohmye on the arrows to which they are connected/usthze71 ype of
nodi fication is qualitatively indicated by a synbol in the box. For
exanpl e, a node 45 can allow [i, block .m regulate EIl, inhibit 8, or
stinulate an ar row rafd A key to the nodifier annotatrons is located in

t he upper |eft ner of each nodule. Modifier Properties can be displ ayed
in the Object VV%%QMQ{Ihe wi ndow may al so include tabs for displaying the
not es, argument s¢t and specified data associated with the nodifier. If
notes are avanibhl g it liiecCRIACl ihodolice A0, ROdL Al SyladbRized W ih a
red dot (+). over% n i ow tefm + 20 fect "Arrow, M ?ler Equatlon :
... Were Tist arget node, Mis a nultiplier constant, Nis a

nor mal i zanterwtigoGenension Aflow: d'he ratesinfeliange ¢&the targetl andsanrcodepgpd onfbiodid by a
t r arssf or sowae @) targehdode vabwdsesunh that aminecpasd indargef ccagpsportdsfto ededrhasean t ached
arrow. Maeirkte.er Effect 19 WO 03/001891 PCT/ US02/ 20672 By default,
conversion arrow nodifiers affect both the source and target arrOM/terns
However, in soneﬁzhsgscﬁ anh@wqhal nmodi fier is used. Such nodifier wll
af f ect either a dEource arrowtermor on target arrowtern it does not
affect both arrow terns. Conversion arrow, Source Only Mdifier Equation:
=M f ;T arrowusrn1+ P 5tached arrow ternms 5 Conversion arrow,

Tar get Cnly Nbdr @&ﬁ% |dﬁ * arrowterm + other attached
arrow terns The equatr on for a source and target nodifier uses both the
Source Only eqwigdré OMs tRdarebEnodEas gethe SRirye BsHeak iafd b atdefoaentENahli pl i cati ve
and addi tive nmodhlb¥esiah Patfe? TRIsNREatidH daf&hry Gepdhdib oRBSSteRfoR. For
exajgpl e, if t@aeéted o %é@@%ﬁa&r ST1R0P e oAl lavAilhOiar b+ zAgelT;'z ve,

Source and Targe Mul'tiplicative, Source and Tar get
Addltlve Target a&ﬂy 15 ML, M2: Multiplicative, Target Only then the rates

"are nmoditfhke@ebYDiagram — Modifiers ‘

Modifiers indicate the effects nodes have on the arrows to which they are connected. The
type of modification is qualitatively indicated by a symbol in the box. For example, a node -

15 can allow , block , regulate E], inhibit E], or stimulate an arrow rate.
A key to the modifier annotations is located in the upper left corner of each module.

Modifier Properties can be displayed in the Object Window. The window may also include
tabs for displaying the notes, arguments, and specified data associated with the modifier. If

notes are available in the Object window, the modifier is labeled with a red dot (+).

dT

- =AM 'j'[%] ® arroviigrm +

20 Effect Arrow, Modifier Equation :
Where T'is the target node, M is a multiplier constant, /N is a normalization constant, f{') is a
function (either linear or specified by a transform curve), and arrowterm is an equation

fragment from the attached arrow.

Modifier Effect
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Target node: (al +a2+Al+A2) * (m*nR2) * (1\41 *M2) Source node: (al +a2)
(mM*n2) 20 Enbodi nents of the Invention FIG 3 depicts a flowhart for a
met hod f owodemelsopi ng a conputer nodel of an adaptive | NRFOCRAISOESBINSE
according to one enbodi nrent of the invention. At step 310, data 25

r el at i ng Bydefatlt,alongérsiah asbwtreodifierts laéfeaictaylh thesolmrang tar gt poosetetiss.
identified. At step 320, bi ol pogical cesse el ate tot e . data are

i dent i fi 3%0‘”61%3@ Semcesgﬁéa}mﬂa?%%le@egep GErioRd Shoh g Hga%%qtﬂt%ﬁ f the
birol 01 cabuslealBvOlerh BPoRhagtk B! (BHIIEASRIRONAE: bbfh HAP1cARY. L he

bi ol ogi cal processes are conbi ne forma sinulation of the biological
state of the adaptive |m"rune res onse 30 Anot her enbodi nent of the

i nvent i orCRYCESIGRATERYE IRty Hie EeraE‘&?ﬁ‘BBt er nodel of the adaptive

i mmune res se rein the biological state of the adaptive i mune 20 WO
03/ 001891 /Msﬁe ?Saﬁw:@eﬁ@podsm@&gmcﬁg@&@b@@gw@ state of an acute
response. 4n anot enbodi nent .of the invention is a nmethod of devel oping
a conput er nodel of the adaptive inmune response wherein, the biological

state of difepd@Pirtoie T mwmq;\ﬁ@qugn@l bi ol ogi cal state of a chronic
response. @\2 anot er enbodi ment, at |east one biological process is
t

associ at e j,;r.a Qb R s+ gﬁg}gﬁ&&ﬁﬁ%w‘gm@ t herapeutic agent. A
t her apeut i € agent the invention can be, for exanple, reconbinant IL-12,

TNF- al pha bl ockade, steroids, or phosphodi esterase inhibitors. The nethod

for devel rther
conpr | 56 e 9@‘%‘;@5&%‘?&%@@%@*’%@ 3R L TAEE QYRR B e
conput er ng(} élepl cted in FIG In the validation process, at step

g’f'glt(}g 3 :c mrhad ﬁﬁ’lltﬁilﬂ:h@@ aﬁﬁladdljfi?ie %Jd'iﬁéi‘k”a{?e &%?&ﬁégggﬁ&'& ‘ti‘é %1?21% B%g%ﬁe@i%:@ Fiogal
§ Eﬁ:‘ngeg f’ﬁoché %udlﬁ%%aﬂ@ o1 ahscm‘ggvo

sinul ate gi ca te I's conmpared With a correspondi ng bi ol ogi cal
attribute in a ref egleﬂcgdgﬁwgeg@régamr aptive immune response. At steps

360 and 370, the vg R is identified. At step
360, it is determn A‘Q’“ﬁh ﬁlﬁa@e atel?%&ologlcal attribute is
sublsstantlally conS| evrofélwll m attribute 15 associated with
the reference patter H pg ’p aérgF e response. At step 370, if the
si mul at edhdi theogfecale naidifiédhyt e i s subst antially consistent with the

bi ol ogi cal attri but.ear%eqig&c|(Qf+a%§wl+g2“g§ lﬁfn? egﬁgs P tern of the adaptive

i nmune response entl valld conput er node
of an adaptive |nn3%%1?é§ﬁgﬁg *é.l picts a flowhart for a method for
devel-opi ng a conputer nodel of an 20 adaptive imune response according to
anot her enbodi nent of the invention. At step 410,

20

Embodiments of the Invention

FIG. 3 depicts a flowchart for a method for developing a computer model of an
adaptive immune response according to one embodiment of the invention. At step 310, data
25 relating to a biological state of the adaptive immune response is identified. At step 320,
biological processes related to the data are identified. These biological processes define at
least one portion of the biological state of the adaptive immune response. At step 330, the
biological processes are combined to form a simulation of the biological state of the
adaptive immune response.
30 Another embodiment of the invention is a method of developing a computer model

of the adaptive immune response wherein the biological state of the adaptive immune
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data relating to a biological state of the adaptive i Mmune response is
identified. At step 420, biological processes related to the data are

i denti fi edo o3loemel bi ol ogi cal processes define at |east omeTpsoremm of the
bi ol ogi cal state of the adaptive i mmune response. At step 430, a first
mat hemat i cal rel gtj. ! ical variables a Iy« ith a first 25
bi ol ogi czﬁ%%glrl%eclggsb 1@?%%12?5&%6 g#%* %‘g‘?ec%ﬂ’ og?%cgsegngzhelr g%g g(rh%rr%ec?}go%g él}vgﬁ{lcﬂlo, a
second r®i hedtiaid ofalevelepiiiaaonpotn thddeDdfihé addptivaimahe fospese ettt the t h
the first hiological process .and a second bi ol ogical process associated
wi th t he binlagisystate 0{53&9@@%@% imgnupng reRpansess @ phiolagioal sipspol aetHons pespaRsehe
optional | . S L l @t L] that is
stbst ant 1A Toconmrainlnd I iBloRtarhiERpesdt SuPouEa il fbREkg,

assdti at edrighle thah iy fherapeutic ggeht ek thepdpebtie agaa pf theanvemiomean e fanse. At

b1 0l 0g! CARNEPL Fparbrispt L-Lhrikagha Bbelsicarieifh o By Batoisier e R BLoRS 1 o

be produced. IfheqnshdatataRdkl 'iﬁgg%ﬁghte%foﬁél%a% aida?tm i%un@‘%&?%lﬁé%doant he
process continues to step 460. At step 460, a set of paranmetric¢ changes in

t he 21 WOndisr@on@sise PETptisad/sppsaD34(, BH8,t300nadedk for sblidatihgthemonputert he
second mat h ti,cal rel i i created. At step. 47 a. Sj |.at ed.

or o ogi carotel s uERea g 816 0 e TARbES L pvens: St SmRbEARREAL st
of j@ar anrfibhte aSRDYLBwItE Y MSIYSeH. sttt 8Pthe4ABptivEIim PR Pespordd is pRdudS) can

be optionally performed to obtain a 5 representation of the chronol ogi cal

pr ogr essifgtapr358, tiesanslated biplpgiral attrihwigiecorapgreh with afcorrespondimglbiolpgisnl a
heal t hy . i - t i j } e as
o whot AAbGie}? s lhRERREueh e aflo it reBof® BLARBERG O

bi ol ogi cablidity 6ftht eomputepnivdel is tleufiéd dAt step PEMGES Heermimed dhether titeps 510,
and 520. At stg _({110_, a first biological variable js converted into a
conver t edHiigte gi agicglaftribpieds substaptpliecappisignt wihdbabiglogicalalirbuig 1 ne.

Thigs fir ' ' ' ' ' ' ) he
T T e o oy AT LA e
st eps 436nardted dihlogitel attribpte52ibstangallyi emsisfens ivmth [t Bidlogical aibeisd ’

attributes are produced.based on t canvert.ed :biol ogical variable. The
Ger oo ofoRti Y A HEREgRE R bf s B By P h iRy somBHE Bodel
With a cfidespmactisnOyaldoripudimodbt 4fl RUHdspaSidih@tcadspintd) a reference
pattern of the adaptive 15 i nmune response. The series of simnulated

bi ol ogi cal at tfHEbhtericisaffershartt faremethod ey deyFloaing amooyutes sikagis] off an
corgespondi j i.cal attrihut i [ef.eren attern of fhe
ot ve i8R ERond d b5 shnbl b BRI T Blho il Ay oliaon
seri es ofatairslatiag eda bidladiybarlof dd ddaptiveinmtuierepfRceBId@tgRecds sfe St eps

490 and 500. A)tg step 490, a parameter is_ _converted into a new biol ogical
vari abl e 42hiolagisal recsresglataddn Hedatn, ae ideniigied T hesehiplpgical mspessses s

associ at gdqyh ifet oﬁ@ﬁ’(ﬁltioﬂ BEtHE rb%éi@ﬁ stdid &f th%ﬁﬁ}ﬁ%tilinﬁﬁ!ne Ee%b@ﬁé-ep At %ﬂa‘ﬂ the

second

430, a first mathematical relation amdng biological variables associated with a first

25 biological process from the biological processes is formed.. At step 440, a second
mathematical relation among biological variables associated with the first biological process
and a second biological process associated with the biological processes is formed.

Steps 450, 460, and 470 can be optionally performed to produce a simulated

biological attribute that is substantially consistent with at least one biological attribute

30 associated with a reference pattern of the adaptive immune response. At conditional step
450, a determination is made as to whether a simulated biological attribute or a series of
simulated biological attributes is to be produced. If a simulated biological attribute is to be

produced, the process continues to step 460. At step 460, a set of parametric changes in the

21



mat hematical relation formed in steps 430 and 440. At step 500, a series of
sinmul ated biological attributes are produced based on the converted
bi ol ogi caWwowanimbi e. Anot her enbodi ment of the present i neemttison2ics2 a
met hod for devel oping a conputer nodel of an adaptive immune response that

i ncl udes e_ St eps. jdentify ng data lated to. 25 the .bi,ol paical state
of “the. sdper i el L s iR GR R SRl sy TR Ao R BB 47t 2
to the daindulatedBioldgit0ittibhte bassdamss feaditfneart@natic bigagt fonethecetdfon of the
bi ol ogi cal state of the adaptive i mune response; and conbi ning the

bi ol ogi c Reraprebiccdspgestippradiigsh  simul ati on of the biol ogical state of the
adaptive i mu oRpe=hd <t he 'gﬁﬁ,ﬁ t ] envi r onnent
and a | ynphoi ?Fetplggg@e@h?/?(Sr]g%prbaﬁ}(a%g%éiﬁgg)%@?mgﬁ%g I rreé?ldttoodfbﬁ)ﬁg i nvention
is & nmet hgdesehtatiew ef thpichgnalopiupptogression ef a dzbasel adfdavptinvamk iespossel fgponse
wherein at | east on .ol ogi cal ,process is associated with recruitnment of

i mune c&K¥EPIF %031 %ﬁ%aq%‘é(rsf By aflisgase slats- ¥hsiep #fleterpngtion js ppade as to

enmbodi ne i g . h : rhikc cells
o bl ood HLEP PRI xaRIUECE sIURE 1 idd 3T o Bl RbA AR b ke

enbodi nmewrbyvertaé thegirbozds pfocdedsad sisbn §l & and APt At step D, adfirshpiologitalbt i ve

i nmune respqnse incl ydes, t he conbjning. of bi i cal ocesses so that the
bor | pher SRS ERGA SR e PReHDbBRsal veR e Fake RE PR Badt oo o
t heyobl 0ogimed M@l first BiofRlidas vaidle ishgsdela@@dv P RXABM: B8e fion RO RGr enbodi ment.
of the invention is a cg&ut er nodel of a biological state of an adaptive

i mune r exnthompsicalTrlation aprditherscerydanatbengicebistation dernest inetapad3@ped 44 cal
processes, . . . onse;
e Code Y tnar frtuteRich Db P QO SRlgal Alfhulls b0 iR Bt bTIAIGn 200
anmong bi diddegiclvanslé.aPheserizs 906inailael bivldgical Merihitey 9¢kaatanpinldE easBsent At

| east two .biological  praocesses f[on1the_biilo i cal processes agre 10.

associ at St sorreerrnding telegtrbalfrihugs aseedieh vl 2 refrecncs paiteraof 8if WpPiee code

to defi n‘ﬁﬁfrﬁﬁ j gt | Qﬁﬁ@% al
r ellgtei onshi pse(rfg? ?Hﬁqg gﬁ g%ﬁsﬁsgﬁﬁ% @Bg&%ﬁﬁlg oglt%%eggsglpghg?&t e llél%gaipti ve
i Mune r psygpessieniofi cotesponding bioladicd agsbutphimrtht rdferssempatenveftbaadaptivand a

| ynphoi d.ti ssue environnent. enbodi nent, of the co]g% gl nodel of the

I n. t
adapt i ve THERESPUSE0 LD HFIPISRETO b SOTEHCR PR AeET BLURRA ascoci at ed

Wi th T echiiédei btiQbutbs MY S06&k pfodeBdsGo sRBs ARY hRNSU0RI At {éPFIE 2 PRMhcRARENT .
In a further enbodi nent, the nodel includes inmmune cells that are bl ood
dendri t i corwsirted iy d ngWdvelogisabwyiable. the valyeef which changes evdrdnerehis t he'
conput er del of an. .adapti i response i ncludes . the canbi ni ng, of
o1 O cAappiss Lok iaB? it e I Rel RRRANSFrb BB Br il ARTE] €:0001 o
Wi th preherentatiohl relation firfietin efepd 439 dldord. darebpi W00Ca sasoEkinfmlav®r the

bl ood nonocytes. . ) . )
biological attributes are produced based on the converted biological variable.
Another embodiment of the present invention is a method for developing a computer

model of an adaptive immune response that includes the steps of identifying data related to

25 the biological state of the adaptive immune response; identifying biological processes
related to the data, the biological processes defining at least one portion of the biological -
state of the adaptive immune response; and combining the biological processes to form a
simulation of the biological state of the adaptive immune response in the context of a
-peripheral tissue environment and a lymphoid tissue environment.

30 Another embodiment of the invention is a method of developing a computer model
.of the adaptive immune response wherein at least one biological process is associated with

recruitment of immune cells into the peripheral tissue environment. In a further

embodiment, the method includes immune cells that are blood dendritic cells and blood
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The conputer nodel can further conprise code to define two conpartnents,
wherein one conpartnent includes biological processes related to a

peri pher aWoto3se18e1 envi ronnent and the second conpart nent PCRAlSOZE72

bi ol ogi cal processes related to a |ynphoid tissue environnent. Further,

t he conpuh@tocytzdeln gan finledr eddodincadethe metlefd ofeletdieping bepmptiten modbl dnveen

t hese two conpartnents. Yet, anqt her enbodi nent. of .the inventign is a
conput er 43R EBREeIBiRee BOBgEnE FaoT Bk biofesicol Prasaiset o ﬁ]@li e
bi ol 0gi C3JerBhASEERES efiviiofinfl i InReRidA RYbfereftlia@tRnBfmdR o HRMIGNE | Mune

response i ncl udi ng code to define mathenatical relations associated with
the , bidshdgiicadllspvectbs beod nidmmciies] ogi cal processes defined by the code
are ,associated, wi.th the 30 biopl.ogical. state of the aptive i.

Fespbnoe. The Auithehearboditasat phiReESRas e Colme o filet ¢ B HiEH ouet 1
def i ne . t Waap$RIRARIISEBIdnseM B lotpitd QTP 8shpRdRt cbdiclbuidase Bidbaedical
processes related to a peripheral tissue environnent and the second

conpar t niaecassesirelaied thihsbigpgiai! state ebtheadapityewpnoge 0espeBsE; PGTEadsde dehey 2
related t I i d: ti,ssue,envi ronnent . Further he. ¢ ter del ..can
et ude” da BeraddTaT Rl R A oURRTRRS e SOALSRoale A S s i
Addi ti onahé Wiolddiel Fﬁﬂspssb@ r AEbe&st tivablico gi0dltpredesses Gideh tha bislogipdlipsecessdard o
receive a user_selection of a link representation froma set of predefined
i nl0 r epregsesirted Wihshepahematicel relgiopships.c Hbe poraRmptionofibprededadstinoths, each
predef | nag bpl SERSREAN Hd Qe RELAhINb ALBLICA RIARNSLEE aiddy Smulation of

mat henmat i cal “rel-ationshi p. e user-selected I'ink repréesentation is

associ at dgbe hioldgidahetaterntfehne elaptivomshime espouse m thheofitextsif alpenipberatdsuwar i abl e

and the second bi ol ogical .égriabl e, afirst link representation fromthe
set of prayePmed nds yrpgliﬂl EHP LV BAEHei ng a representation of the first

bi ol ogi cal varjaakenbadinteat @aﬁ"‘th@fc&ﬁ?ﬁte@&oﬁ&%ﬁﬁ&%ﬁﬁé@inﬁh%&&kﬁ&he Welehdtbl €,
a second link representation fromthe set of predefined link ™ ‘
r epkesentoaeibiriegibdipereas is @piosisiast witth sevraiméen of swamsse esflistinfe the periphstadl ogi cal

i abl e  hei . d ' f.th d. bi ol oqgi | abl.e.
Aot hor - dhBisrvsRRRER bREk ot ARbARERE: Rle bR BERERS nRble gl e ERRRNS

nmodel  ofdehigtibicdls@gil bRlod Shdloeytes. Byea ddithetenmbotiniat, tBS panper ©08§10f $h N
receiving user-selected 15, indications to define biological processes,
each bi ol3gaptElinpRuedespopss; ipgludessibe combiamrsok higlogical prassssensethahigés in the
adaptive g Anse I i . i . sﬂgfi' rn
of adapt iﬂgggy%%utﬁl%ﬁges poﬁfgg?tqlps)?% u%:el(azr}glﬂgﬁée?éﬁ% i%t? r}gﬁ{ﬁngﬁnggfg{gﬁﬂgﬂdrl ut‘g
assuci at edlls ewdrhhablobéamhoomnes. bi ol ogi cal attribute of the reference pattern

of adaptive i ne response; d, assessjn alidi.ty of the conputer nodel
based on a compiOBEHIdEBtHeks HENE, IRRE Hodto KBRS B L s MBIt PP o
cor r es pongli RemBhPnesl ifAhdA i 41bBidhiSrastos rafafd t¥h pBrifealtRE&S &RESnment

and the second compartment includes biological processes related to a lymphoid tissue

environment. Further, the computer model can include a code to define the interaction
25  Dbetween these two compartments.

Yet another embodiment of the invention is a computer executable software code that
comprises of code to define biological processes related to a biological state of an adaptive
immune response including code to define mathematical relations associated with the -
biological processes. The biological processes defined by the code are associated with the

30 biological state of the adaptive immune response.

The computer executable software can further comprise code to define two

compartments, wherein one compartment includes biological processes related to a

- peripheral tissue environment and the second compartment includes biological processes
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pattern of adaptive immune response. Another. enbodi nent of the invention
is a conputer nodel of an adaptive imune response, conprising a
conput er -weadabisel nenory storing codes and a processor co®pirasor/ze671 he
conput er -readabl e nmenory, the processor configured to execute the codes.
The menoryladd t6 AMPipE&id tieatdeenhRodiaéitn Eukthed 8@ alpubh dtRisEem ihahad eodexot he
bi ol ogi cal state of the adaptive imune response and code to define

mat hemat i dedine tha igterantion bplsvaes these Bve eoPAERYES-i ons  anong bi ol ogi cal

vari abl es assogj af: j [ ' @%g ST [ gi ca
processes def i‘%ae(ghglgaﬂ?’ﬂh%l@ggg@u%!rr g)lce%gtsaggéi B ?%M&?cﬁ c{aﬁé&%ﬁ%ﬁ%{é}@@ﬁ%ﬂﬂe%

rel ati onsepstlectibe of e dinkirdpaéscontiod frohea s dE predefineidiikrepieecmaions Yroirhatet
define the biological processes and the 30 code that defjnes the ‘
mat hemat i darededingd ﬁalﬁgfrwifgnfa@wsn%acg péfr‘f}e?émaﬁﬂ» figk TFOCRBURR BPBEFRALCEt at e of
the adaptioyeidisiWig o FERAANFal HiERKAS® The LARILRA 1Ak Srtdltdg S @ et hod
for devel opi ng an analytical nodel o an adaptive i nmune response. This
met hod i resbacitded Witk tist mfEsretdtionstep betfween thedastbiokigatabdariable & tIMOs@81dD01891 -

PCT/ US02/,20672 1 he. bj ol agi.cal state of the adaptiyve j response,.

dent 1 1y goBcel Gabls = S 1Bk B ESefiadba o e RRotmedeERR Bt RS Gtpns

pr ocesses,eiff 4 pbRGebtibrEdSthe ARL bR i NRaRib1E A8viRE h CFb& RN tBS *Endf the
adaptive imrmune response; and conbining the biol ogical processes to form an

anall§t i cdfiologispleasiahleata sgeonsi linki reprssgingationsiram gheofet phrredeftysdilig i mrune:
response in the context of a i pheral t] AN nt. .a_| ynphoi d
{Feoue erforebfaie bk ety SechisBih SRR pes oY AT Mo ARTE A0 BB V1

devel opi n@gnadttednalinstineas onbe eécondbidldidcaldagbblee | Mmune response wherein at
| east one biol ogical process is associated with recruitnment of immune
cel I's into theAphersmerodimentof the Tayratios A Aethadondevgloptigra eamderaedel ¢ he

nmet hod | j | . e | L1 | _

monooyt ea B e R B R e P e
conmpiit er indidationsfto defimdziploigice]l provesses, cachdpalogieal protasd bsing besed @mizlat thet of

bi ol ogi cal. processes so,that the peripheral tissue .epvjronnment .is nodel ed
wi th pr fEIERGS SPATESE PG ARG Fniee foBoRFe de hinlogisal AEb e ST IRES bi oo
MoNoCyt eShyithih GNFaSRRAMBR respofsd; Pfoﬁu@ﬁh@'a)’s‘limﬁﬁltedr’ﬂ?élﬁ icall A@ibaRAsYddiAed
representation of the 15 biol 0gical state of the adaptive inmmune response

can be i npitleatdpast anebiokgical ettebuis of the aeferencepattere o tive BymuRsmespanse:her

nbodi f the | ' ' hod, f d | opi 4 I f
anant | ganaarecetfe VUSRI tandr el phd i Frg it S STtk BB e, °

physg ol ogiiglakicar fg1Hued Sidya mbﬁamdﬁ@soiolb gicABat@ibut@8Rodi4tes enthitheretabhce t he
data being associated with at least 20 two fromthe group of antigen
processi Myiter fradaptsie IMRHNGTEPOBIE: and medi at or producti on of

Another embodiment of the invention is a computer model of an adaptive immune

response, comprising a computer-readable memory storing codes and a processor coupled to
the computer-readable memory, the processor configured to execute the codes. The memory
25 comprises code to define biological processes related to the biological state of the adaptive
immune response and code to define mathematical relationships related to interactions
among biological variables associated with the biological processes. At least two biological
processes defined by the code are associated with the mathematical relationships. The
combination of the codes stored in the memory that define the biological processes and the
30 code that defines the mathematical relationships define a simulation of the biological state of
the adaptive immune response.
The present invention also includes a method for developing an analytical model of

an adaptive immune response. This method includes the steps of identifying data related to
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the antigen-presenting cell and identifying biological processes related to
the data, the biological processes defining at |east one portion of the
rol e of twe oanoisgen-presenting cell in an adaptive i nmunecTaspyase2 The

bi ol ogi cal processes are conbined to forma simulation of the functioning
of the arhé gelgmabsiatatoftite asablivé mumines melapsé;uderitifymp diolegipdnsescsden raated 25

P yet ot tdhis BeaRBabape A TR e wharon ot Be BiglSHEH splsiosithe
dendri ti gdggive imhiingRespefict bANSdmbATHRAHE PBMgical brdc8@es PRemeh ahfl9tical

bi ol ogi cal processes is associated wwth a differential response to,
anti gen Bepyesentstion REbieagivad siabed the edapéiveoimmhee rasponsenn theavaiexi o cel | . 30

Co nents . h i el. | ritic Cell, (DC) Attributes DCs
ar gggne f% nglté%gel:} %F‘l\%né’srgg}%wo?ing%QgP@ﬁ%gwa‘?ﬂv?rﬁgﬁ@Bﬁ’ esenting cells, which
al so i ncl ude ArReHed pihdgesncandf Bieliyvankiog ki LHethbd o@ﬂ@v&cﬁﬁiﬂ%’hﬁ'@ﬁﬂlytﬁfal becl
invention, DCs are 25 WD 03/001891 PCT/US02/ 20672 nodeled as the primary

APC i n a 958 asaptive immugie respopse wheisi A lessksoie hiplegicakpigeespdeisseiaed with
rmune: sy 27 atmgdor Aty RO Bl S b Ohnaf, SETRLER SflubeRy

mat henat itaietiod élchides damuga eells that areploed datdritivasis bhdblgd e@dnoaytes. ilayiees. 5
I n one enbodj ment, DC precursors e recruited into a peripheral, tissue and
di t¥or en i BB i ff Bied félePRgpIng A OTRpiEr mdiship AT HPte ipmyune

conpri segdePbnddGaclfdes 1B LollBintAd BRIl ?{fo@écyseé 50) %%@?@gﬁl@d%s@_ number of

subpopul ati ons whi ch each have a discrete representat mat ur at i onal
state. Tisavironmendis dadeléd withpiefetshbddedmitment qfdhé ploed dendriticaslisoves the
regul at e%lo?%i Ioc%l environmental cues. Since the expression of adhesion
nol ecul es ey Xﬁ’?%‘rmattract ant receptors is dependent on maturational

state, the ratRonekmBodinhdhx, iankis ahalyadal yhodel Bleashalybichineprleddntatioh ofBeUr at i on.
Once in the tissue, the flux of DCs between these different subpopul ations

andSon t biqlpgical jiatq of the gdarkive dmpyne Kespere sap be raplgmenicdvithpyiths apsisancef

state no I sent the DC subpopul ations in one enbodjnment is.
hi ghl i ghgggcpﬁb@?réﬁ%kﬁand FIG 5B. The interrel ationshi p between nodes

represents thénofifer binbrdiafenDESthe imventitieistdl metlod fidralevblepinigasismpated nydel 0 t he

LNs. In neral, the maturagfion process,. . or the transitjon between
subpopul g? PI) ANTECHPEGSeIfIRg ﬁqﬁﬂc%{’ sing identi{ying datn rRlatingrtg {he Plysiologist cel |

surf ace. NBIHEEryTHERESms bﬁﬁie%kig&l-gfé%ﬁﬁ Wb thoBatd beldoSRURIAQIWAG at least

chenoki ne Teceptors; antigen internalizalion, processing, and presentation
capdbi | i twedtom thp igeapl aftant gerpprocessingnmi gratomy neturhtaers and hedidtepréducyon ofD8O,

nom mo. et PaEpsPoRl Rl apd BRI RRARGT Bty Rt B PRHaRtS T coue
M cr oenv ibideded procksies B¥@iTAL at lehdtloal gbriiot ol tikable dMhehRedchNSch@rdeell in
an adaptive immune response. The biological processes are combined to form a simulation
. of the functioning of the antigen-presenting cell in the adaptive immune response. In one
25 embodiment, in the model the antigen-presenting cell is a dendritic cell. In yet a further
embodiment, the antigen-presenting cell is a myeloid dendritic cell. In an additional
embodiment, at least one of the biological processes is associated with a differential

response to antigen based on the maturational state of the antigen-presenting cell.

30 Components of the Mathematical Model
Dendritic Cell (DC) Attributes

DCs are one of several classes of professional antigen-presenting cells, which also

include macrophages and B Iymphocytes. In one embodiment of the invention, DCs are
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CD40 |igand-CD40 and Fas |igand-Fas) and through cytokines (e.g., IL-1,
IL-3, IL-4, IL-10, TNrF-alpha, and GWCSF). FIG 6A and FIG 6B highlight
t he areaswofo3pbmsoDC nodul e in one enbodi nent that controlpcrthmsoraise2 of DC
influx to the peripheral tissue and nmaturation 25 rate. The capability for

phocy PESEled B SeBny An: thab ulieBg st B aEPBraRieP st Ehoty ey e
subpopul ?E ?Ebral SRR A PmbRSiditRsid i drRhdtones abntine B ehintmend SystEr] tyy

efficien internalizing and processing antigen, but are_ineffjcient at
sti nul at ifinging wlylmpmntmgea@g@mwtlmnhOQWSC e Dfs mathemagiggl redebssdesiened
efficien |l tiatin Y, te activation, but are inefficient at

i nt ernal ?%fe%esglﬁothesreé)éeg Féhlga an?%en The highlighted regions in FIG 7A
andsFl G 7B ngpheembsdiintst, Dpicog@dosfafeetruitd ite a potiplgeal tmsummisu ng

dependence on maturation and the Kkinetics of anti avail a t he
tissue. Sefanentirts ma pomaipreTisspPCsoghrototabpppulpen Qfﬂ%@s r?&%?ﬂﬁ%i%f ﬁéﬂo

appropri fy

T phocy Ehg el B8 SRR oAbl o b LB e S NS * oo

and CD86 disarude &@mspﬂh@mﬂlytumionalaﬁﬁe .TThy fipkofPCe sﬁ:onEﬂxarbé@CXI ioto zopenpheral
costimul atory. nol ec islimted to reDCsandl ul at e | ocal
envi r onndfitug 1s E"(%‘éate‘g ﬁc%lsenglr’P‘P‘fEeIHF‘]e“é’@%‘iﬁth? g}gpf@s&qgaq %ﬁ b%f‘ esent
a”tﬂogerI faﬁd Ihérm%ﬂ%&k ?&ebﬂaxmtd@paﬁrehmﬁﬁ@dmadohass%§ tAOFhtdHOTIOEx b SUes.
In a lynphoid tissue, DCs can present antigen, ress costinulatory.

mol ecul esqughlyprilated toetie mt@o%mahmuqnn Oinoeindae TIISW@,I the ﬂwwm&gﬂt‘éﬁeﬂ these

OB A D5, Rt BB o SRRl o o

integrated effEetssrigfofishee ﬂkjdé@w}ﬁéh Rpreasiit geDC kObgopaldtabs ki éne dnlibddlnﬁent
tissue, the kinetics of DC maturation, and the ability of DCs to process

ant i gen athighbghied m HG. AAnddiGn Bt Ade h@?’@?laﬁi?fﬁh@lbeb‘?%’éwes rspresgits kicne
guct I @l %dfsaﬂoxg tﬁ%&gq%ﬂﬁg H%ttggﬁe QR%NE hﬁi %ex{ei‘afl ﬁ{aﬁratwﬂ S
DFO ependen

uction’i's on maturational state an oca envi ronnent al
cues. Megir@desy, or fheachnsieidn bgm@é‘ﬁ stdzpmpulanoh sltdtes, if oharectemgdddyy dvB{Ect MCP- 1,
M P-1a, RANTES, , 1L-10 40, and 70 The
nodes i nfiatongl qﬂgﬁﬁﬁé'éfﬁ%cet% &% E’Hh’éliﬂf Wd’g?ﬁ?ﬁtlﬂ’? ‘lﬁusﬂ? FE88 at or s.

The acti whiyoRht 'iéctat:ﬁ)f‘sd ant eh'mt%ﬁlah%atﬁﬁpﬁqugéﬁn Oﬁhcfﬁ}@s&l@iifbﬁréfaﬁﬁﬁh% of the

bi oactive I'L-12p70 tero i mer and the antagonists: |L-12p40 honodi ner and
| L- 12p40 uptegutationer cosTinelgeryducfacomoddculeh ée.p 0 €HI8H) @DBQ% md @pmléu@s of
(1L:12p70, het od| nmer

dep@ndenfhghof 8@%?*86?%{ Q@“@’b‘g&ﬁ%‘g?%‘“%&f’ rat%?\(/]%% nonguecsmgtegl ng
the DC mplupabérttal BERE @siSroenVicorthait] fof biLeh1E, eBo0s célf-cﬁl fateractions (e.g.

CD40 ligand-CD40 and Fas ligand-Fas) and through cytokines (e.g., IL-1, IL-3, IL-4, IL-10,
TNF-alpha, and GM-CSF). FIG. 6A and FIG. 6B highlight the areas of the DC module in
one embodiment that control the rate of DC influx to the peripheral tissue and maturation
25 rate.
The capability for an individual DC subpopulation to process antigen and activate T
Iymphocytes is dependent on the average maturational state of that subpopulation.
Immature DCs in the peripheral tissue are extremely efficient at internalizing and
processing antigen, but are inefficient at stimulating T lymphocyte activation. In contrast,
30 mature DCs are efficient at initiating T Iymphocyte activation, but are inefficient at
internalizing and processing antigen. The highlighted regions in FIG. 7A and FIG. 7B
represent the combined effect of the antigen processing dependence on maturation and the

kinetics of antigen availability in the tissue.
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9A, FIG 9B, FIG 9C and FIG 9D represent this maturational dependence of
the I1L-12 conplexes. 25 T Lynphocyte States T | ynphocytes and B

| ynphocytwe oaneisbhe two cl asses of cells that possess anPCyarsoypwel fic
recognition receptors. The activation and subsequent expansion of

ant i gen- speci fOnlyddCd thashdveeepstvedlthe dppachriade stfxﬁelq:amrcapammf ativating he i mmune

response. |.n one 3 iment of t i nvention act i on of CDA+ T
hel per ﬁ‘i’?gm/ﬁﬁ’ﬂ‘ﬁo&f &fﬂ?yfeﬁﬁﬁmgé%émﬁﬁcoéﬁ‘ﬁ@%‘?%ﬁ T‘ﬁll‘ i PRt i ati on
wer e rmde(l;]ggb atid €PRB! &l Whtdtdnfl§ 1BPREOP 'Hzrﬁé}ﬁ)c?rfé% essloh o?%Jtin?dl%Pyr

quantity, and appropriate "costimulatory signals, antigen-specific
| ynphocy tesleadss isdinztad to aasaretRCseandan e catnted 12&/710\19@ @31roQt89dl cREST SWS0RY 20672

differentjate. The t di fferentiati,on,.m requl at ed .by, t he .nature
of | the. arths BReIeEaf Pl et Bieieat bty SBHER th BEGRYeRet B baTphers
Differ enttis@ﬁ&%ﬁhﬁﬁ?ﬁdﬁ@@ﬁsﬂ%@\’lﬁ allﬁﬁﬁhmti@@ D@@aﬁﬁf&s&ﬁfahﬁgéﬂl é}?}ﬁésfsdl ng to
their pattern of cytokine production ese definitions, a Thl

popul at i cﬂ@stpm@@mmqlmuéﬂsf pnodnce)medlmv%atanﬂumwérrheémﬁnlnn;thcm- 2), for 5
exanpl e, Th2 n [ L~4 ne nt dat a
enagest” hlipiettdioh EGPHEILL PEGSHEET b boBe bherdicnl! fleaSC P 1o 01 2

popul at i qites¥Ryarftigph &$’$‘ celRistdepérRletydrofe Iitﬁsgrwetiiéﬂ@cﬁsfoe&@n@nétﬂcmsfmgeﬁn route
to becom ng. hﬂool arized and largely_termnally differentiated popul ation.

W t RO t hi sevpiabiitydn thafishe thabaaiartDC prersinrernd By aSilitnpf PGS ihgrogesieri ¢ LN
T 10 ly di stingui shed by

char actei@ggﬁgﬁéf&?ﬁgh S?Mr{% ?llég@%r ohﬁﬁo?%ﬁ Unpol ari zed, Thl, and Th2
popul ati ons exi st, but these are subdivided to distinguish, for exarrpl e,

Th2 cel | s ich prqoduge LL-4 from Th2 cells which produce both IL-4 and

| L- 10." %t ‘ﬁﬁeg’ B of cytoki ne production by the T |ynphocyte

popul ation as PCYB sroaadt H6diABA t}n%ﬁ%h&ﬁ thtif [iRERNE; tﬂis%?ddu'éﬁ&ﬂ ﬁ'&?&fdeﬁ@ l's
anong these 15 subpopul ati ons. shows an exanpl e of ect

Di ag¥ am tdmanat@raélpndwéataamchlo@dmylr@mmantaumﬁ‘d@@laferssnrad@@d baél(lﬁr@lnng to an

enbodi nent o re n te he LNs
accor di nd (EIB eé%al}’?%ﬁ@lé W"W%E&oﬁ%wabg‘ ﬁ’glg‘dg Jﬁ(aalr

acti vat ediJbyo %ﬁlxgenppo e@ﬁ@haaésqlmcm Jegyesag tﬁ@fefrghml@ﬂan@ﬁrou@&fbn ofDC
stimulation, T lynp hocytes 20 produce | L-2 e inthe primary effector

1 state (m@b@OtsaEbﬁ: efdlval\atmbuwart@/ﬂeﬂ? ecdependent pn therjogeentatiocef ths | eavi ng

of  ect or - hiche B TPy ol tond o B SniGt Frco 281 FtuscRPi Bl Pave o

"LN20’hl monomer. The production of the possible IL-12 complexes (IL-12p70 heterodimer, IL--

12p40 homodimer, or IL.-12p40 monomer) is dependent on the integrated exposure to local
environmental cues during the DC maturational process. The highlighted regions of FIG.
9A , FIG. 9B, FIG. 9C and FIG. 9D represent this maturational dependence of the IL.-12
complexes.
25
T Lymphocyte States
- T lymphocytes and B lymphocytes are the two classes of cells that possess
-antigen-specific recognition receptors. The activation and subsequent expansion of
© antigen-specific cells subsequently lead to effector function in the immune response. In one
30 embodiment of the invention, DC activation of CD4+ T helper (Th) lymphocytes and their
subsequent expansion and differentiation were modeled.
Presented with the appropriate antigen, in sufficient quantity, and appropriate

costimulatory signals, antigen-specific T lymphocytes can be activated to expand and
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effector” in FIG 10) or a Th2 effector 1 phenotype (node | abeled "LN Th2
effector” in FIG 10) according to the binding of their receptors for

| FN-y andwDlo3do1sPol ari zed Thl nmenmory 25 cells (node | abel edT/ush/ddsh2 menory*”
in FIG 10) and Th2 nenory cells (node |abeled "LN Th2 nenory" in FIG 10)
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cells. The nodel can include Al CD and/or growth factor-w_.thdrawal -i nduced

apopt osi $vewmysy Thiror Yhppelatizimgcpndikpn ther bbmerhogpepopalpipmmay gXpRISnes
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| L- 4, | Lt&mihdllyadiffedentifled poyshlatidd.y. 1 n addition, T'|ynphocytes that traffic
to a peripheral. tissue produce cytokines and chenoki.nes invol in the
regul ati on of %fltll‘%%@?‘fie@ AFF™ HE?nt’ctg?fn Slp‘if’f"a?frﬁﬁﬂ’stif’&elbe.“,cﬁgzrophages,
eosjgrophiy ' ki ' I haslk : Lmevanpl e,
Ly L-lgl,ﬁg)llldl_c&c fgfoalﬁrékpgg?ﬁtﬁn%%@f? g%éﬁg%sd&il AL Q%F’%Ch% %ﬁ%&ﬁagnnl SEaml e of
a porti onywkingpréduction. Unpoladmd, Ahi, apd| TddI pmpekititheedist, byttthése are subdistidetli on.

Each defi T.l h t t d td fil f t oki

at o spodt ARCREYEY & SPatb e ThEEFIEN BFN BREu T B i aBp BT heF Bl Tar o
at whi ch wefl 154 BRVE -1 0.0Difentattb s 08 ctbRine PRIductidPby tﬂeynwﬁwgﬁe Surface

Mol ecul e Expression and Ligation In one enbodi nent, the nodeled T

| ynphocythepuleten axvvbels carbe reglizedby didigrank distribwbioat of esdlsjamppg these i n t he

re at i Lous cell popul ations. The conputer nodel can acconmodate
celgq~§ surf%g%rggp%alﬁéfééal es involved in T | ynphocyte regul atory function 20

i ncl udi ng costRIGU] Bshows dpexgmpleEi2B)E ffaceDiagran tlet dispiys ataxoaoty of TD40

ligand), .and cell death (e.g., Fas l.igan T Lynphocyte Regul ati on of
Expansi orlymphqoyersiies, aw&éfn&?ma _E?%gﬂr«gt 0%} Preggnt 1@6§ﬁ%Nalﬁe e%@%ﬁ&reé of a
portion ofqanvEd, elr%s Qﬁéﬁﬁ@gﬂoraﬁét %&t&&@?ﬁiﬂﬁﬁo&ﬁﬁéﬁﬁn& RA agt&‘r%ic'&re' !

i ynphocyt® expansi on, erentiation, and de

. 5
interactions to T
activated by antigen presentation. Following sufficient antigen stimulation, T lymphocytes

20 produce TL-2 while in the primary effector 1 state (node labeled “LN primary effector 1”in
FIG. 10. Cells leaving the subsequent primary effector 2 state (node labeled “LN primary
effector.2” in FIG. 10) will assume a Th1 effector phenotype (node labeled “LN Th1
effector” in FIG. 10) or a Th2 effector 1 phenotype (node labeled “LN Th2 effector” in FIG.
10) according to the binding of their receptors for IFN-y and IL-4. Polarized Thl memory

25 cells (node labeled “LN Thl memory” in FIG. 10) and Th2 memory cells (node labeled
“LN Th2 memory” in FIG. 10) compete with naive cells for antigen presented on DCs, and
are themselves susceptible to anergy. A fraction of polarized effector T cells also traffic
away from the LN, and a fraction of trafficking effector T cells subsequently gain entry to
the peripheral tissue.

30 Subpopulations of T cells are further distinguished by varying susceptibilities to cell
death in response to cytokine levels or cell-cell contact. For example, the modeled Thl

effector cells undergo activation-induced cell death (AICD) more rapidly than the modeled
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according to an enbodi nent of the present invention. T |ynphocyte expansion
and differentiation are nodified by cytokine growh factors, cytokine

i nhi bi t oryoftawéses, and costinmulation. T cell death is mpdirfisez2isy2
insufficient concentration of cytokine growh factors (e.g., IL-2, IL-4)
or by actTh2atffestoricaldi cBut meddl caemchnde AICD) andddr@owihclacter-3Gthfictwabmduged

| i gation of deat@Fg&gptors (e.g., Fas) on the activated T cell surface.
FIG 13 SROQOSE ct Diagramof FIG 12 with an overlay that shows the
equation used to cal culate LN pe2 expansi on function, according to an
enbodi nent of the present invention. As shown in FIG 13, an equation for
t hi s funck Lymphecpiefcytokine Produktione 29 WO 03/ 001891 PCT/ US02/ 20672
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gr adi ent stidr ceh popiilatidrsGe. 5L eHartphagesQydsalophis) ih Agefishandashe Thate ¢al |
expression of several 10 adhesi on nol ecul es. These may include P-sel ectin,

E- sil ect itpcluda dongxamplee [L-4abdhésilotd, IEdHe MiPel f apd/EANR.1FIG.adshowsencel | ul ar

dhesi I l.e-1 (I t ' [ d

cevoral | SarmPRAEPTIOT e R AT Sale e ] e R CHBIER. Bl o,
| L-8, | L-dkGinedrRychpBocytdkyate frodintesachdriatinqitofiR@iflcfokthes REABKdCITRA(d8REe and
RANTES. Chenptactic nedi ators._ nay have differential effects on Thl and Th2

entry t o kinptichef pedpginarags mofifieddy the rate it whigh 1olls reeyq Somape state 19ithe er ent
sets of receptors. FIG 14 shows an Effect Diagramthat depicts Thl and
Th2 cel | tTafficki ng as nodul ated by chenotactic nediators and adhesi on
nol ¥cul es. Energent Regul ation of Thl/Th2 Pol arization 20 It has been shown
that Thl/Th2 | ari zation_can he_ influenced by antigen dose, such that
nodgrate]fwg'r OSYteé‘hrf*ﬁ% ?}F?}ﬁﬁ@épéewp A4eM whi | e high | evel s of
anti gen produgg gnd ehBedihRAt SRoldios %qgmﬁfm@kes canl eXpiBss ¥bal dB%urfhas 9- 1584,
1995). Similar data exist "linking suc rends to increased costinulation
and i nt emeadktuiésanvelsédimi thereghltation of eahoics popwhtictnse Theeseputer modak ¢ann, t he
conput er nodel es .hot .25 i ncorporate xgll'ci si.gnal i for naive cells
o br oducteprmogfi sHbSsrsE sl R T HE hinbefuR ety SRebR { el ess.
thiztr e'iﬁ’clh&in? begimviaid @%g., TDHEDHUELIGE a6HiRh€aseEDAD 1idAadY), 3h&selPdeatihi Ch
Thl and Th2 cells expand and undergo apoptosis follow ng activation. For
exan‘p| e, (e.g., Fas llg d) . '

T Lymphocyte Regulation of Expansion, Differentiation and Apoptosis
. FIG. 12 shows an example of a portion of an Effect Diagram relating cytokine

25 binding and cell-cell interactions to T lymphocyte expansion, differentiation, and death,
according to an embodiment of the present invention. T lymphocyte expansion and
differentiation are modified by cytokine growth factors, cytokine inhibitory factors, and
costimulation. T cell death is modified by insufficient concentration of cytokine growth
factors (e.g., IL-2, IL-4) or by activation-induced cell death (AICD). AICD occurs

30 following ligation of death receptors (e.g., Fas) on the activated T cell surface.

FIG. 13 shows the Effect Diagram of FIG. 12 with an overlay that shows the

equation used to calculate LN pe2 expansion function, according to an embodiment of the

present invention. As shown in FIG. 13, an equation for this function incorporates cytokine
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FIG 15 illustrates an output of the nodel showi ng Thl and Th2 cells after
primary culture as a function of antigen dose, according to an enbodi nent
of the prweeamoisaventi on. As 30. FIG 15 shows, the nunbercafusttitoscre! | s
decreases with the antigen dose unlike the nunber of Th2 cells which

i ncr eas esffedts,lvostimulatiry gerdealdsafectsnce hotchetime nanddi natendf mavemehefoe kallof
costinmulation and - in rudi pentary way - intercellular adhesion can be
vari ed \A%PP& °Pf St@mﬁﬁ%}w&rﬁgﬁq' to produce similar results. 30 WD

03/ 001891 PCT/ US02/ 20672 Thus, explicit signaling is not required to

observe these shifts in Thl/2 polarization with variations in these
f act or s, Teeell Tupffitddngei nforced in nature by T cell popul ation dynani cs.
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cul ture atdpayaffectather csll paptlpgens. dolyaphogde sntay fjhe peraphesattiotiiofint of t he
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O o AT SRS L STl e S TRt ™ P
Dovel opmisteoat e e ncte PO ddnerb PSR E R AR, GEmeBE it 15
to a Per imstitab affi rwedecedtny stodrbloall ypediis thegeripherp! tissielomdanayeixealugé,conf a

nmet hod by which_t C nents of the above-descri bed th jcal nodel
can e qPunRipa: AL SEESEL imdisoind acfriionarra et Shandhpetignkbhana
physi ol ogiANBYSt ERABSREREERRN By RYvd NffecRARAUFRRL O TNOMA TH én"tl‘? tggf ect

Di agram These conponents are denoted by state and function nodes;
whildh, wihetperipberal tisswss anribh Inandi Th2epells exmppasal Heaenhwthafirataptas. FE.d#i onshi ps

that define th el nts of the si al.Qgi c.S m In er t hese -
i hemad PSS P SHari e deb bt sl futhihe PSRy | °°
avai | abl gnghotéticaé@EhtorOaiaeidatesh mbfeenegt i on on the rel evant physi ol ogi cal
conponents. The devel opnent of the mathematical relationships wunderlying
t he nodul e diagram for DC precursor recruitnment into the peripheral tissue
will 25 i .he I FIG 18 shows an exanple of an
Ef f ect DEggerrg%ﬂc%éﬁﬁﬁé%éﬁﬁf/@gﬁﬁ%% precursors into a peripheral

ti 2Wue, wher elittabeq@eshopheial TH1VBiRusolidzatibe chvbginflneficadlblyusitipadt da8, such

urposes, this Effect Diagramis a sinplified version of the Effect D agram
]E) or DDC f ﬂ)‘%mogﬁrate levels of angtigen produce a Trﬁ) response while high levels of antigen produce g

a Th2 response (Hosken et al., J. Exp. Med. 182: 1579-1584, 1995). Similar data exist

linking such trends to increased costimulation and intercellular adhesion.
In one embodiment of the present invention, the computer model does not
25 incorporate explicit signaling for naive cells to produce Thl or Th2 progeny with varying
antigen levels. Nevertheless, this trend is observable as a result of differences in the rates at
which Thl and Th2 cells expand and undergo apoptosis following activation. For example,
FIG. 15 illustrates an output of the model showing Th1 and Th2 cells after primary culture
as a function of antigen dose, according to an embodiment of the present invention. As
30. FIG. 15 shows, the number of Thl cells decreases with the antigen dose unlike the number
of Th2 cells which increases with the antigen dose.
In another embodiment, the levels of costimulation and — in a rudimentary way —

intercellular adhesion can be varied within the computer model to produce similar results.
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depicted on page A-2 in Appendix A The primary focus of this sinplified
mat hemati cal 30 nodel is to calculate the contributions of nmyeloid |ung DC
pr ecur sorwpepubmpi ons, which exist in the blood, to the Rromassyawrz and

i nfl ammatory response of the tissue DC populations in the human |ung. The
nor e det aTheg exmich%f@lfahﬁ@is nRdejuide pd 6hsetleQhcRaitsIA TWO 201404868 with

PCT/ US02/ 20672 e A-2 in pendi x /A al so includes the effects of

addi t i onaYar%?é‘BP%lﬁlé %Se(f?rct?lﬁe Y B¢ rednforcsel ipmatyesdu B@Pléngpldﬁwnalmammnar
states re

cnhancenontSfe] dikEsigdR hever B o o e ah bR pRUALBIROEE BE) 1 e
conpr i sedlyaiphblyge pelgtib@iondirtdendiffeosrit ex;fermﬂmm coditioss. popul ati ons: node

1800 bl ood node 1802, bl tes (BMy); and _node__ 1804,

| ung>DC (LDO) . ﬁggﬁ%rﬁt@rﬁsa& QR 96 gredw%ﬁefé@l@a e&@mn&%@bﬁr@ fhdendyi ng
mat hemat i ¢pj céreldahhgaeﬁhmﬁteﬁgh g%@w%xearteleeg dalve g@ dpesed on the
appropriate publicly avail formation t hou not |scussed her ein,
t he renmi mcngimggwhmhmdlmént olﬁtﬂlermcsmt trwenttonanfkllt}pmghltlaetneqmrﬂystwwms can be

sirrilarly err fro i 10 information. In t manmal i an
ung, BB v THh Hhymhino | R selopridoringe Lapisu pibtpwabionaan
associ at eﬁlev\élcﬂ)ﬁlehth eAd aritleR doBe RGRIYIchicAThe @Hernrtﬁﬁe sSSP SdulcH 8 RSspaiiset he
air-lung surface interface. The total nunber of LDCs changes dynam cally

whedOt he ¢egnEs lpter anddatesin tiae agshowe m FIQuAE: &ep@shmeom thepoing|at phichicelles,

bacteri a, S 15 . ndu

55 fol d T ELAELRRREES aa%%@a%“i‘ﬂ?resﬁw%%ﬁ Gittole BB g For Rifichpey
179: 1331- b33leveld Shtigdmahnsen, et al., Thorax 56: 823-826, 2001). To
represent these dynam cs, the precursor popul ati ons for LDCs, the

processes governi ng cell uI ar influx into lung tissue, and the LDC nunbers
have been . %nd assotc at d , t| on dynam .S can be

- - e
O waoRw

quantitat i

equasi ons usi ng basr C engi neeri nq,ap@hﬂﬁé,a]ﬁssﬁych as a conservatr on of ‘
species (Bird, R B. et al., Transpor enonena, 2d Edition (2002), J.

Wley). In general, the relati onshr(ﬁ)s for the popul ati on dynam cs of the
three cel | ul arlhafalewimedisqugsien areyi me&mpbwf@m@@wwbmthsrate of BDC

synthesrs
conpar t rrenotmslg %alﬁs 8Ll E%B% HQ&’ = e?%ﬁlgal “{“‘H%f/g ﬁed A§ ﬁ S’uss
m gr at i onabmfve, Bhé)varrm@ eldnwmg§oﬂhd phdisiogit sgsteia a@e{mp&rsér[tedlbgs t}&(boﬁ@bﬁemé

change of shIB\[gfg 1r; thealL:t,f?e E)la{gei‘rglglu Illhrégenéorr?gongtll\{ts) a;r'-e c{e%gtei\adqbfy stczf"\tg ;rlljcll %Jrlrllgtrll(gn I?JdesB e
20 Which, with the arrows and modifiers, represent mathematical relationships that define the
| elements of the physiologic system. In general, these mathematical relationships are
developed with the aid of publiely available or privately generated information on the
relevant physiological components. The development of the mathematical relationships
underlying the module diagram for DC precursor recruitment into the peripheral tissue will
25 be discussed here as an example.

'FIG. 18 shows an example of an Effect Diagram for the recruitment of DC
precureors into a peripheral tissue, where that peripheral tissue is the lung. (For illustration
purposes, this Effect Diagram is a simplified version of the Effect Diagram for DC function
depieted on page A-2 in Appendix A. The primary focus of this simplified mathematical

30 rnodel is to calculate the contributions of myeloid lung DC precursor populations, which

exist in the blood, to the homeostatic and inflammatory response of the tissue DC

populations in the human lung. The more detailed mathematical model depicted on page
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rate of mgration of LDC to |ynph nodes. 32 WD 03/001891 PCT/ US02/ 20672
These three cell populations can be normalized to their total population
si zes andwODhemotshe rate of change of the popul ati ons can PeTwsor2®m as t he
foll ow ng equati ons: dBDC BDCsn,, k, AM.(t)SBDC-k, AMO BDC (1) dt BDCTOT
dBMb _ BMoape-A-2 iAMippendis BMiskinc Al OBMdEfe2s of didiBdfal DledtitdS on the reghitiof t )

BDCTGT 8 BVOTOT 6 ... LDCTOT LDCTOT wh 5
AML (t) —O%Jgpugqpr‘éw@ﬁﬁd’é‘ﬁa&%ﬁ gP@S?‘BE‘%ﬁz‘%Shang whi ch facilitates
recrui tment (sikesd. 1Masiat@) dRkfeldmRl ahd &ﬁﬂﬁcdrﬁbn%h% b@ﬁéﬁﬁatms%

facilitates BDC recruitment (sites) to = endothelial “ligand in other
ti ssues wespdnst dzinflamatatey Bvmutiecs cwmprmwd 0¢$hetreggla18dﬂasmshctf thmet:yelbf bl ood

t t dot h ' = t ty..Qf Dbl
dend? | 1 | PUBIHETE MR RN AR B TR sl RS Bmeosis ot b
dendr i1 0158, 156 L5C) ook g i T R R o

(cells/total ceI I s) = normalized |ung dendritic cells (cells/total
cel | s) Bm@@ematlealgylnttlmbips f@@h@emhyspmaél eprapénents beedd an the epproptiaiar )

BDCTOT d
oyt hesi s Tty BHTRRS sorBieR, RB0 RN &R Eney oefihr B e BT o
bl ood : nD nDC,yféeﬁutﬁieﬁt ald pbphﬂaﬁhm diqliaﬁﬂieﬂ'caﬂ Beodiglilafy d@eeddforh pilglidle BedilableC

cells (total ceIIs) k, = mgration influx rate constant (1/(sites hour))
km LPat ur@fe@tieat e constant (1/hour) Equations (1) and (2) define the

dynanmic state f}{ thBRanfhiiBYeh L R i%hh%%v@ﬁgn%ﬁgﬂd&}oﬁ ?tgr)hgﬁ.grglasnesc that has

synthesis and Toss to tissue Qonpartnments guat i on
dynanmi c sb@assﬂmdlﬁ(ﬁmﬂaﬂwrr&glwl iataeqhitiyg ami pmmeSSmgamdgcﬁfsfalt the dir-lmng sinfadeung

tissue. Wo ter e ha i d thee |on(3)
oy i haihtesiot ool BpkE o Lifkh drinats BemialE pheg 9 becore
LDCs.. In :ﬁﬂgeﬁ bﬂﬁﬁﬁre% virl&]lepdrﬂi'élésmbh&ana toh@llerdtd BAsREA Ml?oxﬂ@f&'t oﬁﬂhly
monocyte differentiation into other cell typ esj e., macrophages t he

| ungS has mduceueie 3. 2nld swmases mﬁh@LEﬁ danstty 6Mc liefg Ausp. cteﬂleJ@fxpMa@s from
the 1uUng 79.1331-1336, 1994; Jahnsen, F. L. et al., Thorax, 56:823-826, 2001). To represent these

dynamics, the precursor populations for LDCs, the processes governing cellular influx into
lung tissue, and the LDC numbers have been modeled.
DC recruitment and associated population dynamics can be quantitatively
20 represented as a set of coupled ordinary differential equations using basic engineering
principlés such as a conservation of species (Bird, R. B. et al., Transport Phenomena, 2™
Edition (2002), J. Wiley). In general, the relationships for the population dynamics of the

three cellular classifications are:

25 ' Rate of change of BDC = rate of BDC synthesis — rate of migration of BDC into

Iungs and other tissue compartments

Rate of change of BMo = rate of BMo synthesis — rate of migration of BMo into
lungs and other tissue compartments
30

Rate of change of LDC = rate of recruitment of BMo + rate of recruitment of BDC —
rate of migration of LDC to lymph nodes.
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conmpartment is the third termon the right-hand side of equation (3). This
rate of maturation 15 of LDCs represents the mgration of mature LDCs into
t he | ynphaiDios/ospgst em and, 33 WO 03/ 001891 PCT/ US02/ 20672 pCulusometoet y, to
the I ynph nodes. This term al so includes other pathways for the elimnation
of LDCs such apheapeizt®sdiSpophittions it beCrmalizdilio théir tohe pepWiafisiidiadsi aS
determ nes the relative density of LDC, BDC, and BMy at any given tine.
The val udBebtherpie o chanseahithespoprlationesrnhe Witte: asdhe fliomeng elugierke of
antigen, -gen_presentation, and other DC activities within the nodel.
The 1ung @gefégfﬂadpesjgn(megyEe@xmssBm i s dependenf) on the

i nfl anmat ord st aBBCyS, the Tuhg. In the short°term the endothelial adhesion
nol ecul e ession in other tissues will not be affected by the |ung

i nfl amtﬁ%g%ﬂ._ﬁhwt@pﬁ.mukcsm- [Bgpui tment to qpher tissues
can be negldtct eBMaR,The paraneters AM O, ki’ and km can be el nated
using a st -state appr d',mation for _t he BDC and\BM popul ati ons and
equi val e Lul aypr ug mt@SBDC Oremsg (Blfor| -43). 1970 (jgen be
expressed a&: dBODC _ BDC§bDG,,8 AML (t)LBPCpNO’. BDC)dt “BDCTOT 8 . AML (t =
0) + AMO (4) dBMb_BMosm | AM_(t)+(5-/3)AM(t=0)+AMO _BMb (5) dt BMOTOT 5
AML (t = 0) + whMPedLDC AML (t) I]siw S . BDC + BW511 BM dt S S. AML (t =
0) +.AMO LDCTOT LDCTOT AML (t = 0) (BDCsmS + BMosrn, /.3) LDC (6)
LDCTOT (5AML(t=0) +AMO) In general, paraneter val ues can be defined, based
on apP_r opL | at eMNERS Uine NBptiRlchtRndoltalid) Upma s luliowEvie acililafts fbRitaes @nﬁs@ of g
speci fic kine | n . a. f gﬁﬁg ot her studies
wer e used. Th}gl/[gs??1 ﬁ(%tféelgﬂfggéd%bg@%ﬁ%ﬁ%@%ﬁé{gmﬁgrg%%cc , n%t (ge)l,ie;s))eri nent al
data are avai4{Ybi7eerdathelistisged i pheriistret whinlyfasitates BMagpeifesst st hese

ordi nary di ff ereanitivit) offjositnicdgtes o eadothdlindigamiexpietdionexper i nent al dat a t hat

represents th@=§éﬁ9i"ti@i@§&feél&dd&ﬁiﬂﬁé&hst@%ﬁtﬁﬂkﬁéﬁig&rﬁegﬁegsi%i?,rOduced- Summed
squared error—of neasurenents can be used to 20 determ ne goodness-of-fit.

Exper i nment al | §R@efmorealizptilenddlendritic elp@elisfeipkcalld)y - def i ned paraneters are

t hose whose Vgizlesok@iibsh tRdnBesicf (c8ll/i&k] cetgr i ved directly from

experinental data. These paraneters are sumarized in Table 1 and 25
di scussed belld§ =agrmalized lung dendritic cells (cells/total cells)

.BDCy,,, = synthesis rate of blood dendritic cells (cells/hour)
BDC,,, = total number of blood dendritic cells (total cells)
BMoyg,,, = synthesis rate of blood monocytes (cells/hour)

. .BMo,,,; = total number of blood monocytes (total cells)
LDC,,, = total number of lung dendritic cells (total cells)
k, = migration influx rate constant (1/(sites hour))

k,, = maturation rate constant (1/hour)

Equations (1) and (2) define the dynamic state of BDC and BMo populations as
regulated by rates of synthesis and loss to tissue compartments. Equation (3) defines the
dynamic state of LDCs as regulated by influx to and efflux from the lung tissue. The first

10 two terms on the right-hand side of the equation (3) imply that once BMo are recruited into
the tissue compartment they become LDCs. In one embodiment of the invention, the
alternative pathway of monocyte differentiation into other cell types (i.e., macrophages) in
the lung has not been represented. The maturation or efflux rate of LDCs from the lung
compartment is the third term on the right-hand side of equation (3). This rate of maturation

15 of LDCs represents the migration of mature LDCs into the lymphatic system and,
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WO 03/001891 PCT/ US02/ 20672 Table 1. Experinentally-defined paraneter

val ues Paraneter Nane Value BMOTOT 2.8 x 10 cells BDCTOT 9.744 x 10 cells
The t ot alwpopubwpi on of bl ood nonocytes (BMbTOT) and bl oo@CDTSOBBETOT) were
estimated to be 2.8x109 cells and 9. 744x107 cells, respectively, based on
publ i shediltimetsty toethe $ymoph BhdesdEns itdry, aldBharidéessither, patindbyafeuitie ajmiratibnt he
average h has, 5.6 liters of blood (70 kg person, 8% of body weight is
bl ood (Gﬁmssﬂc%asa PPBbok of Medical Physiol ogy, 7th Ed., 1986, W B.
Saunder s Conpahéhunidaidfmsitlof ke Qéhgﬂﬁjﬂdn§ ddtedniHe) thelBftive H%sitﬁ/&?ﬂ[ﬁst | mat e
of BMo density is 5.0x108 cells/L (Rich N., Monocytes and crophages
in Pri narEDGIe&fdtBi‘ﬁglaeﬁmcgl@m tige( ’I@@%luqﬁlotﬁ\ﬂmse peadded @nli?h@i bfsﬂ@butéiﬂ)tmﬂhﬂ le 10
t hat. of B Si t 45, 4x1 a ., Cytonetry,
40 5b° 50, Pk oB e, SresbnEreestlo. G pfernS R ey S whmdtshy ¥ muri | By
executing t he TRiheaidoawlian@ihekioliidkcaletipission idiseh@it oAMe(t ), which 15
reflects a dynamc 1 nflanmmatory stinulus, the e(guatlons may be used to

det er mi ndnfymaniory stetead fesslupg: eide gharhisrm, the opd bﬂ#@@@@@%@@@d@l ons into
the lung gfre?réé@-b ANSndi% dsgv? s%ﬂﬁ' be gﬁfg@éﬁ &Q?ﬁ@%ﬁ%@?f# ﬂls fid on

under inf ry con |ons e speci 11 cat p al ned
here Basl&ﬁbtmmofﬂ&erulitﬁmndtdcﬁhénus‘simmhnbénéglectéxl ood cell populations into
t he, | ung, eﬂecti nis tl% heS| on ecul e wth expressi on ki netics nost
captbl e of 20 bRiPRTaRRSterg 4 er " be SUPUBLSINIE A HEBEH Ve bel - Pal ade

bodi es i r&gﬁfb@iﬁﬁﬂﬁh‘f@f th%%Ibé aﬁﬂ,‘@M@?o}d?ﬁf% i & nﬁ%ﬂ@ﬁ?ﬁt%ellﬂl%f RARFSRYGr al -fold

qui ckly on"the cell surface, reach ter 5-10 mnutes (e.g.

Tedesco, Hauagens{l) (ﬂ@pﬂh@d}e el@ﬁss_eﬂmr 1627, 1997). Disappearance of the’

surface P-seléctin Vil{ endocyt osi s has bee;jlsobserved wi thin 30-60 m nutes.
C

I'n addi t i 8BDCP- Bifdnf-jsel €ctih QdrMot hpbes L ranscri ptional Iy induc 5 by 25
i nf | anmat oy medpat gris VBIAM§(tmd))arAMlonet| and peak approxi mat el
hours f ol Iew-ng stinulation €Vestweber D. and_ Bl ank E., Physi oI Rev,

79: 181- 2188M908Y o5y 1g£)14Me )f@‘eé)Wm@tT@féé’{mr@ the dri vi ng (gyinction
AM_(t) hasdbeenBMs];oy ted to IﬁaMMLt(heOHHM course sho in FIG lé The
val ue of _A;Ml;?;ét at ti qual ro (AI\/L(t 0 ) was set\to 0.05683 sites
(Tabl e 2) W:{. ep2pifedt i mat ed paranet er
val ues for dmat hénAML(ﬁia# Oyrodd , \ LDC,, ror
_AM (¢ =0)-(BDCgyy -6 + BMogyy, - B)
LDC . (8- AM  (t =0)+ AM )

.IDC (6)

In general, parameter values can be defined based on appropriate measurements in
15 humans. However, in the absence of specific kinetic measurements in humans, data from
rodent or other studies were used. The estimates for parameter values for which no
experimental data are available can be determined using by the solution of these ordinary
differential equations in conjunction with experimental data that represents the appropriate
general behaviors to be reproduced. Summed squared error of measurements can be used to

20 determine goodness-of-fit.

Experimentally-defined parameters

Experimentally-defined parameters are those whose values could be identified or
derived directly from experimental data. These parameters are summarized in Table 1 and

25 discussed below.
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Paranet er Nane Value AM(t = 0) 0.05683 sites Sinulation-defined
paraneters Sinul ation-defined paraneters are those whose val ues were

sel ect ed wo ogioetsdl 5 simul ati on results that were substant iPalrlusorams: st ent
wi th experinentally known behaviors of DC precursors in the bl ood and
LDCs. The process of sergdi.Mxpelinsataigrdiaéeparmatisesaluésvol ves reproduci ng
experinental prot ogoLs_i_n_Lhe_naLhenaLLsaJ_mdeJ_and_gpl—Lm—zﬂng par anet er
val ues based on the gooteBelebNampt of |sinul ati oM2l8sults to kexperi ment al
results. The sinutgtion-defined paramgt vedrstedTm Table 3 and
descri bed bel ow. 10@‘]5@5(?% 3. Simulati on-fge$i16e§ﬁlf5ar aneter val pes.

Par anet er Nane Val [uBDBNMpsm 2.526 x 10 cel.¥44 howrcellBDCsyN 8. 79 x 105
cells/hour AMb 0.02632 sites R 1 S 43 .07 1DCTOTr 2 739 x 10 cells Using
data from published radiol abeling studies (Witelaw, D. M, Blood, 28:455-

464, 1966), t t ver t i mat h The
experi nment al hﬁg’ tg{a# gog%(ljartfo r??sl? ?‘Ir"éi%‘?"a%%i(ﬁgf%ﬁé@g@g’dﬁ%&ﬁﬁ:ﬁoﬁ@e20,

and cor r espeatingbs 2/8ul etdelin afi®s Gh4s1 0l stitg réshesiviBl badetl o pablisteldso shown.
Since both the Bib_and BDC conme from a, cormpn precursor population, the

BDC & ur névtmates o6 Bl densiy, RIIC dsnsitys andassyying thehthe avarpgeymandas 3 lisrsyt o

appr oxi i i Cfdl@ r arat hesi s

rate of ngjltflggd(}d%?lgg&g f@égﬁ’(@%g%ﬁyﬁg%hﬁ;gbg% ate "{ﬁ bAb(Z" ge}ggg%%gMggﬁ%ﬁ/ hour .

glo Tge DSC?MSipicrgye%tEEd%ﬂ%@gmaiggmdei?sl) Cgﬁpm&y)aandalensit}ﬁd:ﬁdo@istl@fsﬂ)g Tthatg of
00 . n) of: X .C shoyr al u A , an

Cnetor verblidedehbaGeriMa i oo Teda s L aRe N Pono oo

chal | engerstddhess of Ph@@;;y KERBRPYiedc CBlis 1998} KiuvdinAbReSRICPBlikRerSiarialdved,

36 WD 03/001891 PCT/ US02/ 20672 159: AB54, 1999, McWlliam A S. ‘et al.,

JEXY) Med,thatad BDQ densityds 17485 4x Mo (cells/b (Ugharat J. Wil et al oCyiameiay, 40138929,

153: 256- ?%ﬁg The accuracy of the sinulation-defined paraneters is

eval uate %\i nst the ability of the mathematical nodel to reproduce the

experi.mental data. The data used to set the paraneter val ues include the

foll ow ng: Upham et al orted that 5 BDC and BMb dropped approxinmately

37% and B9HViIASSHCHE CSqIy Walapaate MUgwi ng ‘

By executing the mathematical model with a driving function, AM (t), which

%

15 reflects a dynamic inflammatory stimulus, the equations may be used to determine dynamic
changes in recruitment of precursor DC populations into the lung tissue and to detefmine
_ dynamic increases in the LDC population under inflammatory conditions. The specification
. of AMy(1) is explained here. Based on the rapid recruitment of the blood cell populations
into the lung, P-selectin is the adhesion molecule with expression kinetics most capable of
20 i'nitiéting recruitment. P-selectin is stored in Weibel-Palade bodies in endothelial cells and
has been observed to increase several-fold quickly on the cell surface, reaching a maximum
~ after 5-10 minutes (e.g., Tedesco, F. et al., J Exp Med, 185:1619-1627, 1997).
Disappearance of the surface P-selectin via endocytosis has been observed within 30-60
minutes. In addition, P- and E-selectin can both be transcriptionally induced by
25 inflammatory mediators with similar kinetics and peak approximately 14 hours following
stimulation (Vestweber, D. and Blanks, J. E., Physiol Rev, 79:181-213, 1999). To capture
_ these kinetic features, the driving finction AML(t) has been estimated to have the time-
course shown in FIG. 19. The value of AM(t) at time equal to zero (AML(t=0)) was set to
0.05683 sites (Table 2).
30
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antigen challenge. After 24 hours, the BDC | evel had returned to 78% of the
pre-challenge level while the BMbo | evel had returned to normal. McWIIiam
et al. obwermeaishDC nunbers peak at 3.5x basel i ne val ues Pairtusom@g7hour
after introduction of an inflammatory stimulus. Holt et al. denonstrated

t he decl ibloR. Emnpmplphmtmabﬂyahm fownathermatiaadinmilelon of bone 10 narrow.

FI G 21 denonst+ates—+that—yst n\J t+-he—BBbc—and-BM—val-ues—deftned—+n Tabl es
1-3 and equations afelwegﬁ\f i nul at|i on yaé’t“?)col that mmics the
experinmental pro ocg%dc({ gpI T et —al .|, The dddes CALdes are in agreement with
t he experi nent al ndifigs of Holt et Jal. In FIG 22, the sinulatlion
results for both the blood and tissue populations are shown to be 15

substanti II¥ |st((ient with the experinental data of Uphamet al. and
YAARE am&%%@%‘m & are al so substantially consistent with other
nmeasur ement s Cﬁlmh%oﬁydéﬁﬁb& arﬁﬁé@fé“a’i@ttﬁnfse Wi’l%sé-%&%’éﬂe @élb&é@totﬁel\ﬂa” ous
experinmental conditions 8 E. et al.

185: 2133-shtvlafion rasbitediat WeIB substarmtalla Iconsmmtmds pxpen@@htallmkho‘&l Eobhavlmg

20: 1165-1 St unbl es 1, 167:228-

ot ul - out UmREPor sl Pt O THRPHREER S s PO UrOUER Ao Aiaes

recrul t mafjoldss ﬂeﬁ)ﬁfﬂu@iﬁ% b nﬂﬁ?rcﬁ&ﬂﬂﬁ i 18g nid’t‘l&dnﬂﬂfcﬁl%odél’ﬂﬁ&ép’tﬁhi

this area of biol ogy pham et denonstrated that at 3 hours fol OWI ng

anti gen dismdegeluesbesdaisibe goengpeldiibyf strnudagian resulsaty Qz@ﬁ@mslytabﬁe@ﬁtfeld by
5% In 2
Found t hat eaRdEaent QORFa GRS TPl EME A BdliBed B o poput at 1 on.

So, while BDC conprise only about 3.4% of the total DC precursors in the
bl od@ ' (i.e., BDC plus BUable 3 Beylattopdefsedparancdted vabugpsr per cent age of the
| ung tissue popul ation. The functional consequences of preferential BDC
recrui tment nmay be profound. BDC and BMb are functionally distinct in their
antigen 30 pro¢ esmpg_aﬁll@%rma%ent atign abihfjifd €s (Caux, C et al.], Bl ood,
90: 1458-1470, 1997; Garrett, S. et al., Cell, 102:325-334, 2000;

Sal lusto, F. and LaB¥mgecchi a, A, JExXp N@oﬁzémmﬁcmm@omw 1994; Yang, D.
et al., Jl munet—3185:2694-2762 2000 Hence— 34 WO-63/001891
PCT/ US02/.20672 prgpprcgﬁlﬂl al recruitnent Igf?géﬁ‘em:élenls/ﬁ%e over the ot her
may dranmatical ['y Thjhgence antigen presepi@ehogitdd | 1 ynmphocytes. An
addi ti onal uselul observation is thatl the kinetics of DC precursgr and:

ti ssue DC popul atipn responses follagw nglanti gen chal | enge suggest that
P-selectin is thenost likely 5 anmong the known adhesion nmpleculles to

S o o+

medi ate recr uit msnt5because it can bevr ap|4aI057 m)bl lized to the endotheli al
cell surface upoti Dtbdrll‘l atton—(Tedesqo; Zﬁlgxaiomcenl:)\p Meth—

Using data from published radiolabeling studies (Whitelaw, D. M., Blood, 28:455-
464, 1966), the turnover rate of BMos was estimated to be 76.8 hours. The experimental
15 data for this radiolabeling study are shown in FIG. 20, and corresponding simulation results
| using this half-life are also shown. Since both the BMo and BDC comé from a common
precursor populat1on the BDC turnover rate was assumed to also be 76.8 hours.
Usmg a steady-state approximation with equation (1), and this turnover rate, the
synthesis rate of blood monocytes (BMosyn) was calculated to be 2.526x10” cells/hour.
20 The same process with equation (2) gives a calculated synthesis rate of blood DCs
(BDCsyn) of 8.792x10° cells/hour.
Values for AMo, B, 8, and LDCrot Were determined from data on steady-state and
inflammatory challenge studies of LDCs (Upham, J. W. et al., 4m J Respir Crit Care Med,
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185: 1619- 1627, 1997). As this exanple nodel of DC precursor recruitment
into a peripheral tissue generally illustrates, the conponents of the
Ef f ect Divwgroanyisdenot ed by state and function 10 nodes amdTiuse2/z2m6rnws and
nodi fiers Iinking them represent mathematical relationships that define
the el emer¥®A®4, 11he9; NIy BHIAQIAC SS¥isdl S INExp hase 1994, heoass tab36;eiqat, Pogs& ps
can be developed with the aid of appropriate publicly avail able

i nf or mat i ¥n Jdmmmel 1 8PeVRAEZSORN sildeagswasy eidhe sinuation-defingd RaRMESEGS, t he
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quant | t at Py S PR Bh A bigh bRt Poingfet SR e ne? Hidtsdharcatudie: rogel
i's equi ppadit¥ dihdédnciRiraRll tRAGRIhE6f PPUHBLRISnS RNIBG RS irtaiatibEBf BSRN a
particul ar type of adaptive inmune response. |In one enbodi nent, the

baséPi ne magowaraneters are sel ected such that the sinulated biol ogical
attributes are tantiall nsk st.en Lt h bi ol ogl . i es, of
an establ'i shedF I?}ngrﬁ ﬁ%mro ggtﬁaé%sstégtt%m%tﬁgppg ggl}dc]% sotYarlrlqud% 55%]%161%3%?*’52?{ %l%ds of

t he nodel eqiatoizel-6 hamgedminttion pi&sed] that afistidgheenidi@singil ipastscol of Hbhet
response including for exanple, acute responses to a bolus exposure

A 1 of
anti gen, ¥ thqlhilivalper atip gareemersyih Sesexperimenial Bydings fitelhetiahdn FlGr
qui escent 5 esPORABHLA rddifs ARHOREHe Blo .d%@d@i@éde%%ulaﬁg s ARABbwh ?J‘oefLZ o be

changed par anetrica Yy to repr esent | erent contributions o
i nvdbved bibslaoigillyalongisenesith the expetimehibdavgofEphat at &. archislcliilignt ¢l

contributions to th bi.ol ogi cal processes will yield different sinulated
bi ol 0gi cafSHEP GRS o SHRRABHAIY sorsis aNDYOR gk err BETeRSES A mamic _
expl or at i QBydse BOWe PB@PEHAL SR 980k FGHImQHAIGORBRionS Ahg@ianR: 61, £AaNgi ng
the appropriate nodel paranmeters such that DC bioactive TL-12 production

i s enhanclddf @9ds B5:7138- 4 ak-ambreghtc Bnli etiabndmahlespiraGélédlol RiodstBat i on of

i egr at ot A R Ben SR b o Nt eite § Ty eH et & THEPRBP 8t “ai seased
phygpol ogi cal system (e.g., allergic asthma), the nodel can represent the

contribution of th i mmuune response to the state of the systemor to the
pr ogr essi deeflaugomes of seathemaiical madelmg

Mathematical modeling of DC recruitment as just explained has generated insightful

observations on this area of biology. Upham et al. demonstrated that at 3 hours following
antigen challenge, BDC density dropped by 37% while BMo density dropped by 5%. In

25 reproducing these experimental data with the model, it was also found that BDC account for
20% of the post—challenge tissue DC population. So, while BDC comprise only about 3.4%
of the total DC precursors in the blood (i.e., BDC plus BMo), they comprise a much larger
percentage of the lung tissue population. The functional consequences of preferential BDC
recruitment may be profound. BDC and BMo are functionally distinct in their antigen

30 processing and presentation abilities (Caux, C. et al., Blood, 90:1458-1470, 1997; Garrett,

‘ W. S. et al., Cell, 102:325-334, 2000; Sallusto, F. and Lanzavecchia, A., J Exp Med,

179:1109-1118, 1994; Yang, D. et al., J Immunol, 165:2694-2702, 2000). Hence,
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different severity. The nodel can also represent the different stages of

i mune responses, i.e., prinmary and secondary exposure to a given antigen,
as well awoesposare to varying 10 | evels of antigen. One meEaNsonto672
generating this variation in the nodel can involve replacing one or nore
bi ol ogi calrefdnitiabteetuitnfedt dBseycellitRbovdk i AREthHdramatedlyenfluéch afii@nOr
nore biol ogical variables that evolve over tinme and depend on sone
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syst ens ekﬂSaldlémﬁéﬂprQ%Dt ordinary differential equation. Al ter nat| vely,

changin 20 the_i.mmune. respaqn i ht i nvol ve addi ng ne cesses such as
el S T SR SaTat S UM M A MUY g e
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exacer bat AR d alter the
charactefhggapﬁ%xadg&cPVepgﬂﬁgﬁgqg%E%%hse ?%foaaﬂ Tngape Q%ﬁ%%féchanges to
t helAPCs ihfoematidy e lmsrput liveto pefompﬂmt alatdhies meetmcmremfnhzeEffect Diggm. J3/te1891
PCT/ US02/ 20672  NMbdel |bra del libration refers to the

esti mat i oKSbheirgHEe aft Vﬁwpaﬁantitative and qualitative
experi nment al observatlons that correspond to biological variables,

bi ol ogi cal processes and/or blologlcal states represented in the

mat henat i cal no8\ : Biddegival eS Resplonie vitro and

in vivo data fro0 heI | erat.ur : m)de at| /
o SRR O e ST ey Pﬁ‘@f‘m}gﬁ‘f falgfoaca? AR R e
nodgd  showtabay Aim&idas bdtalylckdin fégﬂﬁioﬁtcﬂ’lﬂﬁe WhihBm et roden edurtaéudi es t hat
focus on specific aspects of the adaptive inmune response. For exanple,

t he nodelclecidateeghapgesdbat maybe madaig thhmorielrtmb@nbm@éq%bwmat algrihuiesDC
recruit mepft, doﬁ%gp;?alﬁg% g&@ﬁ&tﬁ&&:\f&{f‘a&u&ﬂ@el&%ﬁ’ff taﬁgﬁ%%ﬁaéﬁln %'gépfo%e%”t T

Iynphocyte popu
: The mathematical model is equipped with a set of basehne parameters selected to

e

represent a particular type of adaptive immune response. In one embodiment, the baseline
25 parameters are selected such that the simulated biological attributes are substantially

consistent with the biological attributes of an established immune response to an allergic

stimulus. The parameters of the model can be changed to represent varying manifestations

of the response including for example, acute responses to a bolus exposure of antigen, or

low level chronic responses to low levels of antigen, or quiescent response to the absence of
30 antigen.

The model can also be changed parametrically to represent different contributions of
the involved biological processes to the biological state. Changing the contributions to the

biological processes will yield different simulated biological attributes and enable
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shown in,the previous section, "Exanple Devel opnent of a Mddel Conponent:
Dendritic Cell Precursor Recruitnent to a Peripheral Tissue", the
recruit mewo 0000B2s has been shown to match both bl ood anecparsopbmeral

ti ssue data. Published data specifying the appropriate behavior of the
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ant i gen- anelogicsl vamabkes it ev@sze gver fhizesandetéperithen mpremuammc@dmmew

sel ected t be cansi ste t he exper ot ocol cribed.
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popul at i qpw 19 Of Sitl oadh@dnma ldwMevElefRinGg@f expobirg essultdd) sodidtbasal level
costinulatory nol ecul es expressed by APCs. The_ cytokine production
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eSS R St WO PR ardl aynit T N Q1P r2000pHR) 4 il ABCO'

‘behavior to be modulated by these processes.

In one embodiment, the previously fixed values that specify allergen éxposure ofa
peripheral lung tissue by a mild allergic asthmatic, are replaced by a direct function of time
25 or by a function of other biological variables to represent the effect of seasonal changes in
allergic stimuli to the pathology of allergic asthma. The model depiction of acute
exacerbations in a chronically inflamed lung can be used to study, for example, the role of
the adaptive immune response in acute exacerbations as well as chronic inflammation and
approaches to alter the character of the adaptive immune response through therapeutic

30 changes to the APCs themselves or the peripheral tissue environment.
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substantially consistent with experimental measurements reported by two independent
groups in the published literature (Ingulli et al., J Exp Med, 185: 2133-2141, 1997;

20 Vermaelen et al., J Exp Med, 193: 51-60, 2001) in the context of non-productive
interactions with CD4+ T lymphocytes. In contrast, productive interactions of DCs with
CD4+ T cells result in slightly different kinetics, as seen in FIG 24. Productive interactions
induce activation of the CD4+ T lymphocytes, which in turn increases the apoptosis of the
antigen-presenting DCs. The simulation result is consistent with published experimental

25 results (Ingulli et al., J Exp Med, 185: 2133-2141, 1997) and is shown in FIG. 24.

The stimulation of T lymphocytes by APCs also reproduces the experimental data

reported in the scientific literature. In Table 4, the simulation results are compared to a
study by London et al. (London et al., J Immunol, 164:265-272, 2000) where the cytokine
production response of various T lymphocyte populations to antigen and costimulation was

30 measured. The model parameters were selected to be consistent with the experimental
protocol described by London et al. in which both memory (mem) and naive T lymphocyte
populations were stimulated with two levels of antigen (Ag) and costimulatory molecules

expressed by APCs. The cytokine production kinetics were measured (Table 4), and in
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cell popul ations and nedi ator |levels (e.g., nunber of IL-2 expressing Thi

| ynphocytes) at 10' the times they were neasured in the |aboratory. In
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' Since the Effect Diagram defines a set of ordinary differential equations as described

15 above, once the initial values of the biological variables are specified, along with the values
for the model parameters the equations can be solved numerically by a computer using
standa;rd algonthms See, for example, William H. Press et al. Numencal Recipes in C: The
Art of Scientific Computing, 2nd edition (January 1993) Cambridge Univ. Press. As
illustrated above in the Example Development of a Motlel Component: Dendritic Cell

20 ‘ Precursor Recruitment o a Peripheral Tissue section, one can derive equations, obtain

| initial conditions, and estimate parameter values from the public literature. Likewise, other
initial conditions and parameter values can be estimated for different conditions and can be

used to simulate the chronological progression of the biological state.
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experi nent gl bateeb@@d;y@ﬁ enﬁtfefde‘wﬁ@d 9@&5@{ aclBshO B8] ebtQfarMAbtbA %ﬂﬁﬁ‘ a0f

conputer nodels are described in an application entitled "Apparatus and
Met hods fsomuletidn dmdsh’ghedlszdﬁpm@seﬁ whiblaletle, incdrporateddieraimy 168sreRG02,

Application Nynmber 10/ h is ncor ora b reference 5
The adapt i ve i oERETPRYERRL DY Vet e bEH R metBictha s T i

al | 24 9i C st RagshY, r@tlé?ﬂcdtrﬁh& BfitabbiSists | mhh@mah@aé{ chO¥Lscdits eas@ly tesanCcer
and all infectiou$ diseases. As an exanple of validation by linkihg with

anot her rhygeﬂlesetsmdand@phgatepwtm drugrtergstrnydhereptaitic suntegies.vEot etamete, ehr ough
I ncor por %é %]y clsarh Bt mogglaé El am%éjtlc mgrfme%lbl er(%lfylng the Parameter Set of the
appropriate tissue(s) to represent the affect of the treatment on that tissue(s). Alternatively,
therapeﬁtic treatments can be modeled in a dynamic manner by allowing the user to specify
25 the delivery of a'treatment(s), for example, in a tifne~varying (and/or periodic) manner. To
| do this, the computer model has the ability to include pharmacokinetic representations of
various modulafdry classes of treatment (e.g., anti-cytokine antibodies, adjuvant-like
mediators, steroids) and how these treatments can interact with the various cell types in a
dynamic manner. Further, when the model is integrated with a disease model, there is an
30 ability to include pharmacokinetic representations of various therapeutic classes (e.g.,
anti-cytokine antibodies, altered forms of antigen, adjuvant-like mediators, steroids) and

evaluate how these therapeutics interact with the elements of peripheral and lymphoid tissue

to generate a clinical outcome.
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ast hma. Under chronic conditions, the adaptive inmune response nodel can,
for exanple, 10 provide the proper stinuli to produce known reference
patterns wpoasotsemt i c patients including elevated | gE | eperajSopanetri al
degranul ation of mast cells, airway hyperresponsiveness, and el evated

I evel s of cytokines associated Walidatiod b2tlRdwWptdeve i mune response. The
nodel can al so reproduce appropriate reference patterns of patlent

responses to boraRehgwnorst the madel §aialidated by apmparagsymBlaicddiolapicalRrosssses: i on
and el evap, ?&eﬂeﬁg@ﬁ%‘c rﬁsngf tﬁg's‘:érﬂfl&l@él AEFbAHs s, VENERn iR il Bafthd é‘@?xﬂﬁe used to

Consi st enc e- speci ref'erence patterns measured In In vivo and
in vitro vahﬂatd ibeth thasom@hier aedelahdtbnamlyanat modd eafbodimentcaf the itveatims when

incorporagted within a full _disease _model,. provides validati.on for the
conplt er fifEEEFMP nencimeteral Veiaing fibebevighol e spPYer mafthie Vel e can
be consi dghefiifs ¥ﬁﬁﬁ1§te%ﬂﬂ$ i&d] atthButed %@%eﬂo%%&@bat@n@éf 15&1%&1&1

obtained is substant lally conS| stent with a corresponding bi ol ogi cal
at t ri but eongloherts eﬂtlferadnptafeomnlmuleaesmnswmdb ecfarenompatteodalf the entire admppiveve

i nMune response. rst he ive | onse, and
oo soquBRnE Teuiohas o s RelOdun ik Rl e SO PR bEaRR S o
art, the in@apRREGHNBIRI mbdw@fﬁﬂfbthé}an@l@gebl dyStenVihhi dekR% WARA tReadapeid | ed.

25 Vhlle vari ous enbodi nents of the invention have been descri bed above, it

sholff d' bemuymgarnonss feheremplred/mpdelaf @@@Herﬂt%@&nnw laye. wayodsi obindesinel onl y,
and not Ibo etl é{séé’é% (D%-Im;%r a%?lefcgte%%sl?on grg&zzc}%f%ﬂgn %g%gﬂl&l)fnlenvent on
I nents, but

shoul d not escr enbo

shoul d beirdeltioedoftht yombma@ﬁmﬂellamefembdﬂpathﬁns‘fmlrItItBMong)madl sistem. and t heir

equi val ents. 30 The previous scriptjon of the epbadi pents is proyided to
enabl e any perlgmee mr%elwﬁ?g tongfithg gofglhal th 2dspEVe WEMPRRASARITSH 1S Whi | e

the inve ereo?ﬁ%ﬁg%%‘rﬁ%&g@&f%ge@}%\‘%t%&ﬁ\ﬂ%@%%ﬁ%%ﬁéhdé%ﬁ%eence to

enbodlnets w y those skilled in the art
t hat5 var iada1st1\®I1angmse tiespaineg, ran@mztnﬂm@ shmulam;m besults fe thdlenledmaede] fout 44 WO

03/001891_PCT/ USO2/ 206 t t d f. th
i nvent i of®S ﬁ%lrcee’ﬁé?fzﬁf 8Ft%§lp?e it It’g’g‘t 8@3 @Hgl R ?‘i ?&?Or%lﬁ?te‘fee syst em
i s descr 'ﬂ?ﬁﬁhrfét}@é@ns@&diﬁdl a@@b@ﬂﬁ@aﬁea v emeivet efothe?x%hl;memslt@r system

enbodi nents can be, for exanple, a networked or distributed ut er
system 5em@sw®3a1@m<8ghsep@ﬂ/p®mgl¢w@? systempi4 VELgatioggf the model wou d be

done by comparing simulated results of the linked model to reference patterns of the
20 components, which could be tissues or entire organisms that are dependent on the adaptive
immune response.
To use linking of the adaptive immune response to a peripheral tissue model for
validation, the following process can be used. The method of validation can involve having
a model with the attributes of a peripheral tissue of interest in a particular biological state.
25 Specific characteristics of cell types, cellular abnormalities, physiological abnormalities,
and the chemical mediator environment of the peripheral tissue can be modeled
appropriately. In particular, the peripheral tissue modeling is necessary to reflect the impact
of peripheral tissue constituents on cells of the adaptive immune system and conversely, the
impact of immune cells on peripheral tissue constituents. In one embodiment, the adaptive
30 immune response model can modified to reflect the nature of APCs and lymphocytes that
are associated with specific biological state of the selected peripheral tissue. The
interactions of the immune cells with each other and with cells or chemical mediators of the

peripheral tissue result in simulated biological attributes that can be compared to
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EN E U UkperifaentalEy obker¥able reference patterns. Methods for validation of computer models

are described in an application entitled “Apparatus and Methods for Validating a Computer
Model,” filed on May 16, 2002, Application Number 10/151,581 which is incorporated
herein by reference.

5 The adaptive immune response is implicated in many diseases including allergic
asthma, rheumatoid arthritis, inflammatory bowel disease, cancer, and all infectious -
diseases. As an example of validation by linking with another model, the adaptive immune
response model can be validated through incorporation in a disease model of allergic
asthma. Under chronic conditions, the adaptive immune response model can, for example,

10 provide the proper stimuli to produce known reference patterns in asthmatic patients
including elevated IgE levels, partial degranulation of mast cells, airway
hyperresponsiveness, and elevated levels of cytokines associated with a Th2 adaptive
immune response. The model can also reproduce appropriate reference patterns of patient
responses to bolus doses of antigen, including compromised airway function and elevated

15 cell and chemical mediator levels in the airways.

- Consistency with module-specific reference patterns measured in in vivo and in vitro
studies, as well as reference patterns of clinical outcomes when incorporated within a full
disease model, provides validation for the computer model. The mathematical model of an
adaptive immune response can be considered a valid model if the simulated biological

20 . attribute obtained is substantially consistent with a corresponding biological attribute
obtained from a cellular or whole animal model of an adaptive immune response. As the
understanding of the adaptive immune response, and the diseases associated with the
adaptive immune response, evolve in the art, the responses against which the model is
validated can be modified.

25 . - While various embodiments of the invention have been described above, it should be
understood that they have been presented by way of example only, and not limitation.

Thus, the breadth and scope of the present invention should not be limited by any of the
above-described embodiments, but should be defined only in accordance with the following
claims and their equivalents.

30 ' The previous description of the embodiments is provided to enable any person
skilled in the art to make or use the invention. While the invention has been particularly
shown and described with reference to embodiments thereof, it will be understood by those

skilled in the art that various changes in form and details may be made therein without
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a em%o%?ment olpé computer system is desc%%]ecf( above, otﬂgr embodiments are possible.
Such computer system embodiments can be, for example, a networked or distributed

computer system.
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response, conprising Nty fyi r'i\ Fay rel ating to_a bial ogical state of

t he adaptive imune r 5 5 tying a pluraflzilylzedl biol ogical
processes related to ™ ata, tRe rality of  bi g'EEEI processes
defining at | east one portjon of the biol ogical stat %.g the adaptive

I mmune response; and conbihing the plurality of biol ngical processes to

bi ol ogi cal state of the afa | nmune response.
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10 2. The method of claim1l, wherein the biological state of the adaptive
i mune response is a biological state of an acute response. 3. The net hod
of clai mwp ostoersei n t he bi ol ogi cal state of the adaptive PEmIIse2/20685ponse
is a biological state of a chronic response. 4. The nethod of claim1,
wher ei n aVhhtaashimekisbi ol ogi cal process fromthe plurality of 15

bi ol ogi cal processes is associated with a biological variable that is a

t herapeut.i c agent.. 5. . The t hod of cl ai , further conprising: producing
& o1 mil atled bi 5 RSELPT S Ptk boFunticl BPU ofpl hleue RBRBS PRI, a e of
the adapbhieisigghune response; conparing the sinulated biological attribute
with a corresponding biological 20 attribute in a reference pattern of the
adapt i ve i nmurdentdsingdsie;relatinl todebipldgydah sfatetnd tlooadepties inmotied responseval i d

del. . of. th i i i.f the sinul bi ol ogi cal
S P bute s SaUSME AR SR iR AR RO by bty MeluBitniee °¢' °°
associ at egblogichl frbeesisideriging @t Rattiadkebottion! dFeheBidRicicte stat¥BiMEe sRPAGNSE. 6.

The nethod of claim1, wherein the conbining the plurality of biol ogical
pr ocessedmmpmeirpPOnFedid f orming a first mathematical relation anpng

bi ol ogi cal varj ahl L@l e i [ kol 0gi.: [ . he
plurality of b‘%°§'{%grgﬁ%gf1%§’g‘§%@‘é’s°gé’glggﬁ% pégée\%%tségyo%ﬁagg%%}l %@3%5%{5’%%
form ng atseocbHihd admitive imiuaakespehsat i on anmong bi ol ogi cal vari abl es. >
associated with the first biological process and biol ogical variables

assgci ated with) a second _ hi o] ogi cal rocess.from.the plurality of

o oot et pr omedudBSP e vanel Hhedh wfbEH st tinmniog.
creat i ng réspdbe 9h HAbARIHS o LAPRAGSTbfbrsfie first mathematical relation and
the second” mathematical relation; and producing a sinulated bi ol ogi cal
attribute based on at |east one paranetric change fromthe set of

par amet r e chakhgesethedhel ddaiml . avhegeinitles biglogidal sfeteof hetaslapéyignsumst anti al |y
consi ste it h at . e pi A tribute associated with a

refer encgéslg\gﬁée]lrsﬁbéélggaéel.‘q%?elﬁpél%g |C\%§4pioﬁ1§$une response. 8. The nethod of
claim®6, further conprising: converting a first biological variable into a
convert ed. bi olldgimethod/affdlain kB vehey@ih atleaft onebicibeicdi pngess frumrthé pheality be
first bioglqgical variable being associated with at | east one. fromthe

FiriSt naOIREERPEPoses & ForF st i e Welosia! ﬁ%{aglsr%%tﬂ&aﬁh%ne&flp 8#etand 15
produci ng a series of simulated biological attributes based on the
converted, The method of claim 1, further comprising:

producing a simulated biological attribute associated with the biological state of the
adaptive immune response;
comparing the simulated biological attribute with a corresponding biological
20 attribute in a reference pattern of the adaptive immune response; and
identifying the computer model as a valid computer model of the adaptive immune
response if the simulated biological attribute is substantially consistent with the biological

attribute associated with the reference pattern of the adaptive immune response.

6. The method of claim 1, wherein the combining the plurality of biological processes
25 includes:
forming a first mathematical relation among biological variables associated with a

first biological process from the plurality of biological processes; and

63



bi ol ogi cal variable, the series of sinulated biological attributes being
substantially consistent with a correspondi ng biological attribute

associ at esowswomsal r ef erence pattern of the adaptive i nmuReTrESspaw3E, the
series of sinulated biological attributes representing the chronol ogical
progr essi on offothidgaact@sianitiemgtidal edlstgincahorgt Biblolgithbvdriableh assoefaesdanitle
pattern 20 _of the adaptive imrune response. 9. The net hod . claimé6,
further éb?rﬁrﬁt@%@%mg@mﬁ% apkpralogisplyasiables pgsogiatpdyEih %F%?PB@L’@iqgl?f"éri able a

val ue of ' an AUS o biolddi Jhgparaneter being associated with at
| east on f%%??ﬂ% ???gt gé&héhﬁ%?%gf reFation and the second mat hemati cal
relation; and 25 producing a series of sinulated biological attributes
based on % he rBw hétbbdgf claim 6yfurthetdosprising: seri es of sinul at ed bi ol ogi cal
attributes being substantially .consisten i t.h biol ogical attribute
Rssoti at od w (HEDEd S GRABHEE SPEGT Tl A eAbem LA PR SR Hseori
series ofpghéMhidaCebidtiont @ed cal attributes representing the chronol ogi cal

progression of corresponding biological attributes in the reference
pattern of theredispng v einj blomlqagsm@bas@d opEt RISOmEPIRIRETY ¢J802¢ 20672
10. A nethod .for vV, N er of: Lve i n
rosponse, 1o giier SNSRI G il MR Floy o A R AGREbLNE st RRGy, .

t he adaptdoMéisteAuiie af RS OAS Biolodich Bittibite Agsodiapddunidh b tefer@hcdypatteagsfaht.
processes related to the data, the plurality of 5 biological processes

def tthi ng 24ePHCABINEIRISHMES-on of the biol ogi cal state of the adaptive

i mmune response; and conbining the plurality of biological processes to
forma signl atj1pn, 8hod BEcIBIRbOGHEA contirRifg: Of the adaptive immune response
in the context of a peripheral tissue envitonment and a |ynphoid tissue
envi ronnent . 1@ntdrtinFhdirstetidlogicalf vacikblie imto G, conhentesi iokgichkwmiablerrevabicodiogi cal

process fromthe plurality .of i.ol ogi cal . cesses i.s associated with

Fecr ui ¢ netfiohpgh e el 08 freChiSgRpE sl FleilERIRA R 12, The
et hod offraph @dFiddmatheeaged] réligor MAAE séBhdl Snallicndtca0@atiendndt i ¢ cel I's and
bl ood nmonocytes. 15 13. The nethod of claim 12, wherein the plurality of

bi ol®gi cal pr duedusing aesics ofbinidated Biolagiesl attrileutpehasphen Hie copkated
envi ronngpt, . d,, i i eI U . od
Gondr o1 Slgkital B Rl shleRYShBLERN o106 6T TRS belle shbFangf 1,
wher ei n abnsieest witine coiredpogding biqdsgics agribite asdottntd with b iréfgreate pattern of

the adaptive immune response, the series of simulated biological attributes representing the
chronological progression of the corresponding biological attribute in the reference pattern

20 of the adaptive immune response.

9. The method of claim 6, further comprising:
converting a parameter into a new biological variable a value of which changes over

_time, the parameter being associated with at least one from the first mathematical relation

and the second mathematical relation; and
25 producing a series of simulated biological attributes based on the new biological

variable, the series of simulated biological attributes being substantially consistent with a
biolo gical attriBute associated with a reference pattern of an adaptive immune response, the
series qf simulated biological attributes representing the chronological progression of
corresponding biological attributes in the reference pattern of the adaptive immune

30 response.
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bi ol ogi cal processes is associated with a biological variable that is a

t herapeutic agent. 20 15. The nethod of claim 10, further conprising:

pr oduci ngwe ogiomsbrat ed bi ol ogi cal attri bute associ ated wi t rCrThsSob2whngi cal
state of the adaptive i mune response; conparing the sinulated biol ogical
attribut elOM t hA anettaxdrfos gowtbpige bcahpgecabdel 25 aatdsptivetimniune aespeiiser ence
pattern of the adaptive inmmune response; and identifying the conputer nodel
as a val iY"YBIPt er nodel of the adaptive immune response if the sinulated
bi ol ogi cal at t;pj e j : i ne i i.cal
attribute ass&g?gggggﬁﬁ?ﬁegﬁgggiég?%%%%ﬁgg%ﬁgﬁﬁg%%bPﬂ%hgﬁggéﬁ%@ﬂ#ﬁnune
response. 16. id¢wifymeg hedurefitycdfdietogioal prbessssis melated te teldatd, titp plialipiafral ity
of bjiologi.cal. processes, .30 includes: 65 3/ 00189 CT/ 1)S02/ 20672

or o ng. cPif Pt HEarR e RE e 4 B L5 PoSh] B BIoLE L Frat BOREE M soci at ed
wth a fijshudiredpeadecahd process fromthe plurality of biological processes;
and form ng a second mat hematical relation anong bi ol ogi cal vari abl es

associ at ed wi tdembiting therdurabiiyodidyelegicalproerssss taheinbi sinoygitinal of g hialogiss!

associ ated with-a.secaond bi ol ogi cal. rocess.from.th lurality of
b or o0 caratph e BaRTR e Mintin cOBoRR n InDLBIET S DA R Blrbrim e ape
creati ng Ayaphoiditispas erbiimenichanges in the first mathematical relation and
the second nmathematical relation; and producing a simnmulated bi ol ogi cal
attribute based on at_ |east one paraneiric change 10 fromthe set of
pardhetrild-c haﬂ&ég?tﬁ%@? pien Gvebereinat fﬁaﬂ@aﬁ biplegirgprecesfrag RupraAi PhI | y
consi st enfioWhichl Bbocs QR aRBGaRiNiBHcERlmRRL f it theARAO GG IR MbASa?
referencel%ggtel}ﬁ %f thea aﬁgpti\}gﬁienﬁune reslponsee. 18. Theq)ﬁ%ﬂ)%oél of claim
16, furt Hesucavpoimenty: converting a first biological variable into a
converted biol ogical variable a value of 15 which changes over tine, the
first biol,ogical variab bei assocjated with at .l.ea n f.rom,t he
first maRenat Edrepef ot ot L h TSR TS bitsels a1 58T dodfe ptl Mg
produci ngplsodmbhestedf sinul ated biological attributes based on the
converted biological variable, the series of sinulated biological
attributes ‘bei ng substanti al i% consistent with a correspondi ng bi ol ogi cal

f

at t 1 but & 3assodicarebodwt daim | orvehessia dhapliabibroigrolpgicalarogessss are eom e

response, gt ﬂ?)ere%éél‘?ﬁeﬁf t@uggh\?i%&mﬁ o Iﬂsaé}%il vggﬁ %g%f{aghﬁa LERABSRYrRg the

chronol ogi ca ession o e correspon gical attribute in the
r ef er encélpat deadritic cells over the blood monocytes.

14.  The method of claim 10, wherein at least one biological process from the plurality of
biological processes is associated with a biological variable that is a therapeutic agent.
20
15.  The method of claim 10, further comprising:
producing a simulated biological attribute associéted with the biological state of the
ada‘ptive. immune response;
comparing the simulated biological atiribute with a corresponding biological
25 attribute in a reference pattern of the adaptive immune response; and
identifying the computer model as a valid computer model of the adaptive immune
response if the simulated biological attribute is substantially consistent with the biological

attribute associated with the reference pattern of the adaptive immune response.

16.  The method of claim 10, wherein the combining the plurality of biological processes

30 includes:
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of the adaptive i mmune response. 19. The nethod of claim 16, further
conprising: converting a paraneter into a new biol ogical variable a val ue
of whi ch wbangesdover 25 tinme, the paraneter bei ng associParasomeden? at

| east one fromthe first mathematical relation and the second nmat henati cal

relation; and pradipcd igt Matheniatical eélasbirathadebiolighlaboirtdlesabdocidpd ®Bh Based
on the new bjological variable, the series of sinulated biological

attri but e@rsb@‘)mﬁl@b%’@%ﬁtﬁ% the r&%rﬁb%qfémloga%ﬂwraceswo%| cal attribute

associated w t ﬁﬂf’]ﬁ L) e 30
series of si rrufbat e&g{) ogi c %ﬁ%dgirﬁﬁttlgga@e elg}é% dan t%}aersc 43)%%2?% gllgal
pr ogr essitha fiodt bidogicd ppaness zngl Hblmgl calabks tassobmﬁs;vnt}na sdvend efdogead e
pattern of the ada iye i e. regponse. 66 WO 03/001891 PCT/ US02/ 20672
20. corJatss gy pg‘Fa]étn%gg%? lﬂ’/‘azpir‘?ﬁ?ﬁ?’?é response, conprising: code to
define a set of biological processes related to a biological state of the

adaptive j7mungnhd AeMenSLcladR 6 SfufRsieontpridfg ne a set of mathemati cal
rel ationships related to interactions anong biological variables

associ at ed wi t¢reating sswt ofarisheiriogherges pr thedistasathematicahefationanyitied sgond|
processes_f t of biological processes being associated with the
set of nalpﬁé%ﬁl?f ifagt}oé]l 5?(?onshi ps, a conbination of the code to define the

set of bi ol ogi graliudh@s sisftfedBidlddical afABiEe besed ®hiJp BabthtepRtaneri Sy €Ht| cal
rel ati onshi ps defining a sinulation of the biological 10 state of t

adapR i ve Fromniheset epyawetricihangescioasimvtlaied biplpgied aﬁ@blap bpmgsvu@t@ﬁwlyonrrent
and . a | VJBﬁPﬁ{eﬂ %vitﬁ%’c’%a& e bRy 9&1 attﬁﬁute}&%c&?%ﬂ% éi‘grgﬁ%l ;ga{tteﬁl Gt

wher ei n at eas one bl ol ogl ca process fromt ogl ca
pr ocessesadaptlmmnhmmsbansé h recr ui tment of immune cel s into the
peri pheral tissue environnment. 15 22. The conputer nodel of claim 21,

wherein the i ne eII ar e dendritic cells and bl ood nnnocytes
23. The clggrrpu'?ﬁI f)?l égrﬁgg T RHEYEI% t he set of biol ogi cal processes
are conbi ned édﬂv&ﬂihﬁg atfﬁﬁ b@&lb%ﬁﬂﬂa@ﬂabk‘lﬁ%%&wﬂtém%@{cal varBBRe] faudbt h
preferential recruitnent he bl ood dendritic cells over the blood

monbyt eswhigh changey méerélmﬂ;) thefirshipidloigicat variahiabedt asapranted withtat leasisineone
bi ol ogi Caéro rtﬁe?ﬁés? g}la{h {H}A‘E{'ael\ relgt%nt %Iedrtgl g ctoggcaltl%e%% ?1c§lzrgﬁl§1?ﬂ,e ssociated W th

a biol ogi'cal” vari onput er nodel
of claim 20, whiedsiing wmﬁsexaﬁuﬂatmlb@ﬂogﬁ&aeaﬁ@mes faséd ShltRt@dvertidol ogi cal

attribute for_ the adaptive . imune response is produced, the sjnulated
bi ol ogi ¢ driological variable, the series of simulated biological attributes being substantially
consistent with a corresponding biological attribute associated with a reference pattern of
20 the adaptive immune response, the series of simulated biological attributes representing the
chronological progression of the corresponding biological attribute in the reference pattern

of the adaptive immune response.

19.  The method of claim 16, further comprising:
converting a parameter into a new biological variable a value of which changes over
25 time, the parameter being associated with at least one from the first mathematical relation
and the second mathematical relation; and
prodliéing a series of simulated biological attributes based on the new biolo gical
variable, the series of simulated biological attributes Being substantially consistent with a
biological attribute associated with a reference pattern of an adaptive immune response, the
30 series of simulated biological attributes representing the chronological progression of
corresponding biological attributes in the reference pattern of the adaptive immune

response.
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attribute being substantially consistent with at | east one bi ol ogi cal
attribute associated with 25 a reference pattern of the adaptive inmune
response.wp@3/0T#se1 conput er nodel of claim 20, further conpCrdisay206cnde to
define a first conpartnent, said first conpartnent including biological
processes related to a peripheral tissue environnment, and 67 WO 03/001891
PCT/ US02/ 20672 code to define a second conpartnent, said second

conpart i ncl udi ny bi | caI rocesses related to.a | ynphoid tissue
e ronnell - Zreotni el et el GREERE rpaRe PR onpr | i ng: & code

to define a sebddto &Ef&%%ﬁ@ﬁbl&%@fé@ﬁﬁf@&%&'@hﬁ‘e@i tb(ab%l@ ﬁ:hl(‘skdté‘Sf @t i mmune
cells 5 between said first and second conpartnents. . A conputer
execut ablaéalﬁbﬁtlmnéledmns%@mbrl sing: code to define a plurality of

response | nol qarng, cabha whouuRpAe Bt R Rafidlo BRnadbiiuiE ™

associ at egblvgitl varihbles hssbtialed Withahe 38 P bRIGS Sal fpiSUEsdeh eat IMaki tlol 51Mogﬂ‘ca1
bi ol ogi cal processes and associated with interactions am)ng bi ol ogi cal

var i abl epresssse figmethevipt of higlegicalmsecessesibemisaasocintet el thexs Oﬁma@em@u@aéf i ne

a set of I3

process f rom&fsﬁ%’Ts ‘fura l[‘ &}EI 0 d%qlgcgﬁgéjtrh\gcség%fzbsl&ggg%rg%eg%egt% %al Wi th

i nteract |co@§toada{aimg thdxéed bﬁgiath%inatl&ﬂ mbﬁmh@s sleﬁhmg edimifation b&the bivdeyical

bi o] ogi cal es , the plurality of biologic 15 processes being

assHE! at SR 3@%&&&1}% TGSRARRREN F 8??@5&01? %.pmlﬁle@g Hﬁ%lﬁtenworan%apﬁher al
tissue e@\ﬂ,ﬁlg 'Hss&rkgl }u}zlgﬂhm d tissue environnent. 29. The conputer
execut abl e’ sof t war e co cl aim 28, wherein at | east one bi ol ogi cal
process fromthe plurali ty of biological processes is associated with
recruit mat oflThesampater swidekof alaim ZQ;QVh}QB?Im pihleasélon@ b@maépmcmrﬁmnthe 20 30.
The corrputer ecut.a of ¢ ai.m

are bl odd aRPEEIPedeRe AR SrEl WD e By Pel S mtiR R T e B b o
sof t war e tigaeen®froemantm 30, wherein the plurality of biological processes
are conbined so that the peripheral tissue environnment is nodel ed vvith

preferentlal recrui tment of the bl ood dendritic cells over the blo
monbtyt ed2- 25 T compater mpdat dhclamely hsrean hsrimmpme %Eﬂ@e&ﬂw&d&nﬁm@%eﬂs

wher ein %hdbﬁ%ﬁtm&ﬂ)%#%m ogical process fromthe plurality of biological
processes is associated with a biological variable that is a therapeutic

agent. 68
23. The computer model of claim 22, wherein the set of biological processes are

combined so that the peripheral tissue environment is modeled with preferential recruitment

of the blood dendritic cells over the blood monocytes.

20 24.  The computer model of claim 20, wherein at least one biological process from the

set of biological processes is associated with a biological variable that is a therapeutic agent.

25. The computer model of claim 20, wherein upon execution of the code, a simulated
biological attribute for the adaptive immune response is produced, the simulated biological
attribute being substantially consistent with at least one biological attribute associated with

25 areference pattern of the adaptive immune response.

26.  The computer model of claim 20, further comprising:
code to define a first compartment, said first compartment including biological

processes related to a peripheral tissue environment, and

67



WO 03/001891 PCT/ US02/ 20672 33. The conputer executable software code of
claim 28, further conprising: code to receive a user selection of a link
repr esentwoiognofBeom a set of predefined |ink representatiPCRA]SOB2BM
predefined |link representation in the set of predefined |ink _ _
represent at i OB§deREidBEnIRsSRH YoRPaRGERL Kl Wicbhd BorfiBirfREMEAAAdIng sio_%%ims hi p
fromthe set of 5 mathematical relationships, the user-selected lin

r epr esenprceses iskatettoaslyophaiddebswg ettyinohment nt err el at i onshi p between a first
bi ol ogi cal variable and a second biological variable, a first link
representatio om t.h f eﬂ B | ink.representations being a
represen?Z'ti ogh%{“m{l]ﬁé[e T g‘%l Qgic%ﬁ?%lg%(ba \gllg.?’()l a‘%?kséﬁﬁavi ng an effect on the

second bi ol ogheéade to\dafih&blsét, ofbolagissiguadtsics iklated p6 aafftkaig dimbiuasctle set
of predefined link representations being a representation of instances of
t he3fi r shetpicsn &id et apdipeeapil compaHYCHBNverted to i nstances of the second
bi ol ogi cal variable. 34. The conputer executable software code of claim 28,

further 98mr hSkffhud Al fubl el D Bodd Eahpagfpar trent, said first

conpart ment . i ncl udi ng 15 processes related to a peripheral

ti ssue envi r opoderio definela phualaity of tmflogiel prosessenttlgedrivea bivtgical stafedfsrcond
conpart me&ét 1 ncl udi nlge bi ol olgi c(gl _processes related to a |ynphoid tissue
envi r onn&fAPHVEENMCIEsRoRsE AIGUdINg . it abl e software code of claim 34, further

conpri sing: acéRds dbAndlLEdtE ndutis@hatiehl BladbROAESdiatel REBSSESt bisloatad to
trafficking-of i-mmune cells 20 between said first and second conpartnents.

36.10A neptesessfionm thepdigpivnf taolesiepliresessas@afl apfociafrdavilp iteractionsameng
response,. ;G [ Shhg: receivi \ al i er-sel ected indications
to defi n]ejlozglo ?{%&%%b?ey% ag%o ’ﬁ%‘?’%&ﬁéa Hllsgﬂr;lgié) iscéleglfocgsg‘t%nd;i ol ogi cal process

fromthe pl urabdetty defindi sdt@Fntihenpitealashasndesodatbd seth ayecotbbidRighal hat.
rel ates changes in a_biqgl ogfi cal state of the adaptive, i mune response to
bi ol ogi cBrocssstiFanp thegduightyplhielagisalaossstas 8pd agtoctatrd Wil BrisrogiongAinqae

r esponsei,; J LA 1 i i i ' t
| eact ong @M Sl Sidhagl fin BEAACALIRIGT HRMLE, PG Ry el
i miine r ppesssebdimsadoaatet] vaticthobdaptide ippiuna késpynsefin theodontpxt pf opeghesl and

30 assessing validity o he .copput er nodel based on a conpari son between
The ot miFSE S BB PEsR RPN SUNSTISH capondi ng. bi bl 001 cal
attribute associated with the reference pattern of the adaptive immune

responsep969 Y& E3hHRdBSkchalic dShwARQBde of claim 28, wherein at least one biological

process from the plurality of biological processes is associated with recruitment of immune

cells into the peripheral tissue environment.

20 30.  The computer executable software code of claim 29, wherein the immune cells are

blood dendritic cells and blood monocytes.

31.  The computer executable software code of claim 30, wherein the plurality of
bioibgical proc‘esses are combined so that the peripheral tissue environment is modeled with

preferential recruitment of the blood dendritic cells over the blood monocytes.

25 32.  The computer executable software code of claim 28, wherein at least one biological
process from the plurality of biological processes is associated with a biological variable

that is a therapeutic agent.
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37. A conputer system of an adaptive immune response, conprising: a
conput er-readabl e nenory storing: code to define a set of biological
processeswpaBaomdi t 0 a bi ol ogi cal state of the adaptive PeFIIse22@3ponse;
and 5 code to define a set of mathematical relationships related to

i nteracti3éns armergmphies kogutble sofiviaab bek cdam 28 dthetr témptiengti ol ogi cal

processes, at |east two biol ogi cal rocesses fromthe set of biol ogical
processes bei r?@g%lg%r&{i‘?l}é‘? %Hse\ﬁs&ﬁcqq{’eoge]flﬁ%‘iepﬁ?ﬂji@??é’t el Se?%ﬁopg?ﬁ?efwgﬁ%ag, a
conbi nat kgfeQitdildRs, A EpbQeriRliIng r&ﬁl‘%lse?l%tioﬁfin BicalPof fiBhefRe@tBRSes and the

code to define the 'set of mathematical relationships defining a sinmulation
of the adeptsontativfs beingneiqnelypssesiatédwithe noadhemesticaloklatiopshvip flosy the seticfsue
enviyonnent. and. a, | ynphqi.d t.i ssue .envjlgnnent: and a.processor, _coupled to
he Scompdrh R gieabiAAoRgG Jio Pess Fatb GOb FomebnEion rift eraarn it o

t he codesnted8latidhBiFbuiReded fifsy BloRPi€dl vatiail oy a ssvbed Bidlogiéal veasile,one

bi ol ogi cal process fromthe 15 set of biological processes is associated
with a bi ol ogiacst Nk ieptgbantativax frem the sob of pysdefined lagjaapresenggionyheing@nput er
systemof _claim37, j n {4 0 ode, iyl at

bi ol ogi cAPIET Btogw%ﬁrgﬂtﬁ% gp%‘?ﬁgﬁ% ﬂﬁ%ﬁeinrég%gtoﬁ%gl%isg@oﬁl?o ugglg,gldt he

si nul at edalblslbogi cal attribute being substantially consistent with at

| east one biological attribute associated with  a reference pattern of the
add®t i ve i mufecruldakdepresentation figra theyiehot wedefined dmk gepreseatqtionybeing i her
conpri sl '?%)'re (Plgi?ioh%f A8{dnb& oF the f’nssf bﬁﬁ’@?@aﬁ ViEMe bé:iﬁ%go%\}e[ﬁ& t& HIRAEL B e

i ncludes biological processes related to a periphéral tissue environnent;
and code stangddfiolngical weiead conpart nent, said second conpartnent includes
bi ol ogi cal processes related to a |ynphoid tissue environnent. 25 41. The
conput er ,§yst of claim38 ur ther conpprd si.ng; ode to.define a set of
bi ol ogi caf" pr scgg?u%@ﬁ’é‘ic@[‘f‘bieos Cia] F%%Forfgf?aé?lgﬁgnﬁﬁﬁ]gr LB Het ween sai d
first and secende endaHAE TR OmpAdmeft, ¥EdITREt dogipatieiéal BBlvathgasoRpiRhyt i cal
nodel of an adaptive inmmune response, 30 conprising: identifying data

r el 8t i ng Presease rdlpisgfeaperitherad tissueranairgpapnt ¢ | nmune response; 70 WO

el ated to thS alRetpha sey P inthRinf Bt bt ot o Bl B0 e (RURETES

| east onerguesdes oelatel td Hynpholidgistaknsitaingsnof the adaptive inmune response;
and

=

35.  The computer executable software code of claim 34, further comprising:
a code to define a set of biological processes related to trafficking of immune cells

20 between said first and second compartments.

36. A method for developing a computér model of an adaptive immune response,
comprising: |
receiving a plurality of user-selected indications to define a plurality of biological
processes, each biological process from the plurality of biological processes being based on
25 data that relates changes in a biological state of the adaptive immune response to biological
attributes of a reference pattern of the adaptive immune response;
producing a simulated biological attribute associated with at least one biological
attribute of the reference pattern of the adaptive immune response based on the combined
plurality of biology processes; and
30 assessing validity of the computer model based on a comparison between the
simulated biological attribute and a corresponding biological attribute associated with the

reference pattern of the adaptive immune response.
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conbining the plurality of biological processes to forman analytical nodel
of the 5 adaptive i mune response in the context of a peripheral tissue
envi r onmew0 oafnaisal | ynphoid tissue environment. 43. The neChaovLosct ai m 42,
wherein at | east one biological process fromthe plurality of biological
processesyz. s assempate dysibh bf ke edaptit e BRtnueE rdspHRsBEcon@irlstngt Nt 0 t he

peri pheral tissue environnent. 10 44. The nmethod of claim 43, wherein the

i mmune cel | s & @mrEeidreddatde memerseserivgiand bl ood nonocytes. 45. The net hod
of claim 44, whereip ¢ rall : i i S icned  so
that the peripheral &Hersagﬁlghrgen%%elrt é%?rlg{noré) %agb%l%é%?éeﬁe?%&fﬁ a;@élfoggcgln%}%g}yf%e
recruitment ohddphige ilahmd rebponle] 4ridc cel I's over the bl ood nonocytes. 15 46.
The net hod of claim42, wherein the biological state of the, adaptive inmune

response is a Vsl griEna 2 &t ot waematical seledonsBinsarialed tomteratlionf@iveg of
claim 42;bi¥ﬁ6§fc§1 %&Bf‘es%s‘b‘c&%d‘%@i&h ﬁﬁe%ﬁcﬂogkaﬂ Sce%ﬁé’épét'lél tWGﬁ)lgiJanF’onse IS
a . . e nethod of cC

a biologic state of a chronic respons alm 42,
further qoogessesifrogn tixOsepoDblivinigivgl @ocemed hding adsocietpd edthrthasdat ofinmtheamatical

bi ol ogi cal . attribute associ at W th t daptiye | nune response;

conpar | ngeERENER 9 EpERITAEPLOE PR IBF Bt bl BolsgIeaLProt R BYES i ¢ h a
correspondif g 8ieQft Sélordtdildniicsl rbRtiBndh&lSISMGR LAuEHiBn 8F iHehRagerpt | ve

i mmune response; and 25 identifying the analytical nodel as a valid nodel

of fihe ademtunegesponsm the spueio@f aperiphrsaldisas envinmesipmdsdpmphoidiisstie t he

bi ol ogical attri t{tijte is substantially consistent wth the biol ogical

at t ri but E"3ELYRFY ﬁ%dvm th the reference pattern of the adaptive i mmune
response. 49. The nmethod of claim42, wherein the conbining the plurality
of bi ol ogi cal Pproc&ssesoupledad tbadmptler\WEdABIOQaBOH, B PréiSesdr B8mg2 f orm ng
a first mathematical relation anong biol ogical variables associated with a
first bi srageesd o prreutedheredssthe plurality of biol ogical processes: and
form ng a second mat hemati cal rel ation anong bi ol ogi cal variabl.es

associ at e W' tThe éoﬁﬁ’ﬁnftérr hteR AP SF WRERRLHIeAPIndHiBl R FRtbc MR HoRPIHRS
associated with a second”bi ol ogi cal 5 process fromthe plurality of ‘
bi ollhgi cakt pitwologmebprogessesisasspetateddvitif a blodogival Farigtethel 15 atherbpasic agaet.
bi ol ogi cal process fromthe plurality of biological processes is

associ at e.g W tﬂleaco?ﬁp%t&%lygt%ln o‘ﬁ:ﬁa‘h%%llewhgr%}n lllpsonaextepue[{o%po%é god%,geie sr}}n'ulated
biological attribute for the adaptive immune response is produced, the simulated biological
attribute being substantially consistent with at least one biological attribute associated with

a reference pattern of the adaptive immune response.

20 40. The computer system of claim 37, further comprising: |

code to define a first compartment, said first compartment includes biological |
processes related to a peripheral tissue environment; and

code to define a second compartment, said second compartment includes biological

processes related to a lymphoid tissue environment.

25 41. The computer system of claim 38, further comprising:
a code to define a set of biological processes related to trafficking of immune cells

between said first and second compartments.

42. A method for developing an analytical model of an adaptive immune response,
30 comprising:

identifying data relating to a biological state of the adaptive immune response;
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51. A nethod for devel oping a conputer nodel of the biological state of an
antigen- presenting cell, conprising: 10 identifying data relating to a

pl ur al i t ywofo3pbmgsi ol ogi cal regul atory nechani snms of the a&cmiugem@resenti ng
cell, the data being associated with at least two fromthe group of antigen
processing, mMi@&RifNg.a Phaliyadfi Bslogivilchro®diadtrelbtedto thicdatn theflutalisy of
antigen-presenting cell; identifying a plurality of biological processes
rel ated tWolpgisalapeessestrtefigingradleasionstportinnopidhe bwlogiead sateseidheiedaptivag at

| east one i ) role of the antigen-presenting cell 15 in an
adaptive1F%ﬁ@%§8£€§%%%£§; and conbining the plurality of biological
processes to fonbigingiaplatalionotiolobieal grocstdsaaiftgn e atdigical model of the
antigen-presenting cell in context of the adaptive imune response._ 52. ,
The gret hodaRifYedPBRFReT eSPORBR IR contextof & Perplerp) tispgprvaronpieptad lympheidne
plurality;: bl oaical processes is associated wth a biological variable
that is Jmteg?ggghggggagent. 20 53. The nethod of claimb51, wherein the
antigen-presenting cell is a dendritic cell. 54. The nethod of claim 53,
wher ei n t43e défidrmethed oftlhin 42 .avigreih @t Wasiemd bidlogicalgirbeesdGomThepmtliip df of
claim51, .wherein at | east one bi.glogical process fram.th lurality of

bi ol 001 oo BEEEetsssa BsofaeaRufh Glbienp fiER e 0 vid e petRge!

| ynphocytgsud éhvbhimggin 25 based on the maturational state of the
antigen-presenting cell. 72

10 44. The method of claim 43, wherein the immune cells are blood dendritic cells and blood

monocytes.

45.  The method of claim 44, wherein the piurality of biological processes are combined
~ so that the peripheral tissue environment is modeled with preferential recruitment of the

blood dendritic cells over the blood monocytes.

15 46.  The method of claim 42, wherein the biological state of the adaptive immune

response is a biological state of an acute response.

47.  The method of claim 42, wherein the biological state of the adaptive immune

response is a biological state of a chronic response.

48.  The method of claim 42, further comprising:

20 '~ producing an analytical representation of a biological attribute associated with the
adaptive immune response; |

comparing the analytical representation of the biological attribute with a

corresponding biological attribute in a reference pattern of the adaptive immune response;
and ’

25 identifying the analytical model as a valid model of the adaptive immune response if
the analyﬁcal répresentation of the biological attribute is substantially consistent with the

biological attribute associated with the reference pattern of the adaptive immune response.

49.  The method of claim 42, wherein the combining the plurality of biological processes

includes:
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forming a first mathematical relation among biological variables associated with a
first biological process from the plurality of biological processes; and

forming a second mathematical relation among biological variables associated with
the first biological process and biological variables associated with a second biological

process from the plurality of biological processes.

50.  The method of claim 42, wherein at least one biological process from the plurality of

biological processes is associated with a biological variable that is a therapeutic agent.

51. A method for developing a computer model of the biological state of an antigen-
presenting cell, comprising:
- identifying data relating to a plurality of physiological regulatory mechanisms of the

antigen-presenting cell, the data being associated with at least two from the group of antigen

processing, migration, maturation, and mediator production of the antigen-presenting cell;

identifying a plurality of biological processes related to the data, the plurality of
biological processes defining at least one portion of the role of the antigen-presenting cell
in an adaptive immune response; and

combining the plurality of biological processes to form a simulation of the

functioning of the antigen-presenting cell in context of the adaptive immune response.

52. . The method of claim 51, wherein at least one biological process from the plurality of

biological processes is associated with a biological variable that is a therapeutic agent.
53.  The method of claim 51, wherein the antigen-presenting cell is a dendritic cell.

54.  The method of claim 53, wherein the dendritic cell is a myeloid dendritic cell.

" 55.  The method of claim 51, wherein at least one biological process from the plurality of

‘biological pfécesses is associated with a differential response of lymphocytes to antigen

based on the maturational state of the antigen-presenting cell.
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