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APPARATUSAND METHOD FOR COVPUTER MODELI NG TYPE 1

DI ABETES |. | NTRODUCTI ON A. Cross- Reference to Rel ated
wappicioogdsis ons [ 0001] This application clai ns beaefiskooe09s46

U.S. Application Serial No. 60/662,494, filed 15 March

2005, and of U.S. Application Serial No. 60/691, 473,

filed 16 June 2005, each incorporated herein by

APBORRITS NI R TAOR QR COSIELAR eﬁmmw JTYPEL

field of sirrulatingtyp A#%Wsm marrmals C.
Background of the InventTon Type 1 di abetes is
a multifactorial autoi mune disease that affects
approximately one mllion people in the United States

1. INIRODOT EIoN¢ase onset often occurs early in life,
pri mary di sease and associ ated conplications pose

significant soci al costs. The di sease
anée@lfoﬁ%ﬁnef%é“%@%egﬁﬁﬂgﬂfi@ﬂ‘w| on of islet b
| laDNS. 60/662, 494 filed 15
1001, it Aphi B el ortheol B B Eﬁfﬁ%ﬁnﬁajﬁf e ‘
6{?0

Maebhalﬂé)sschx&ﬂh SgApmeagoaﬁdndico 606N 781 Blgd 16 Jupgy

reversg the . disgase are significantly inpaired by the
incorpREdt erﬂpfbﬁlrﬁgf?ﬁcggllg%%%&gt ed with studying these

processes in prediabetic and di abetic humans. These

di f i gribidi F3hé Dflentiont he challenge of identifying

i ndi vidual s that w | develo yp bet es, as [ .
[0082] pThe present ipvsaEPR Eglaies s%@r 9@%@?13 Q? ??tﬁxﬁgm)fﬁdlabetes n
is§yes. [ 0004] Since the study of type 1 di abetes

ogenesis in humans is difficult, much of the
current understandi ng regardi ng di sease progression

and (phaBdvkgeoasd of the Ineenitiond fr om rodent nodel s. The
non- gbes dlabetlc

[0093],4ilage etes is m %tﬂxém:l r?ﬁﬁ)érpmtve fasre%.SCqZH%t%.lﬁLCXtS \Qﬁfnjommately

onS RPMbA g‘é‘g&lé iy thd @t le@ B talésPSice As difeabb et bft@toccutiearly in life,
i nport ance of numerous i nmune conponents to _di

prisevedisgse avd h&ssmbt@é nomnb@qtnon%msm sigpilaepnppncial ﬁ@@ %nalﬁfdal costs.
r ous. th es have
Thy BQFS?SSF?H@?& eyzb é Tu%tllrg f t1s‘?ef‘t éﬁn&:'llF [ thl%ga%creas and the
su‘&s@&t‘ie%% KRS of BlubssetcBhfrdIN g—Id\ﬁEﬁ/eNm mwﬁd[rfgnfdypehdmbetes
however, success in advancing therapies fro ‘E"t% 'yg] ib
pathogenssis ané gFfanpianrerin halsonewssq theidissase O PSEHERYY imppaired by
theﬁ nﬁ,%r Httcﬁ{"ﬁc\ﬁfue s‘ég{a?etd' With {hERhE RIS pfessay i grédibiSetfc@hd diabetic

humans. These difficulties include the challenge of identifying individuals that will develop

maj

type 1 diabetes, as well as practical considerations in studying the involved tissues.

[0004] Since the study of type 1 diabetes pathogenesis in humans is difficult, much of the
current understanding regarding disease progression and pathogenesis is derived from
rodent models. The non-obese diabetic (NOD) mouse is a particularly well studied model
in which the majority of females spontaneously develop diabetes. In these mice, the
importance of numerous immune components to disease development has been
experimentally established, and numerous therapies have been shown to inhibit the
development of type 1 diabetes. Despite multiple successes in protecting the NOD mouse

from disease, however, success in advancing therapies from the NOD mouse to human
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[ 0005] Due to the conplexity of the biol ogica

processes in type 1 diabetes, nathematical and
woanpuverd4 nodel s can be used to hel p better un#eraIS206/009546

the interactions between the tissue conpartnents, cel

popul ati ons, nedi ators, and other factors involved in

aut oi mmune pancreati c di sease and heal t hy honeost asi s.

Sever al, researchers have constructed sinple nodels of .
pagtshdeed htedy, ufreph A0 P R TR i SR A b EebaRt gie available for
hufn@n $ype T@hb&QEH et al . Diabetes 29:979-990 (1980);

Walton et al. AmJ thysi ol 262: E755-E762 (1992); Sweet .
(00054 Naseste Whaegayplerifyolithy Biokngicag gracgssss rigpe | dodstes, mathematical
on PRSP EEBRMs KL B HielTo IR bttt Tt ioh Baddroen he
tishietcenpatthengneklibpdpulativas] mudidbens, 0id dthenfacosdhvolvediasutoimmune

(Frej esl eben gt .. Diabetes_48:1677- 1685 _(1999) ; X
pamr%@efﬁsf‘ése apd hqeﬁé&sé?@%o%@wisefve(éewﬁcg% hage eqrispcted simple
modaRYF b@la@ellgﬁﬁélﬁiﬁﬁﬂmﬁ&%%é klucosd ?Ar}tré)g g% ,:] 'Z%@?g &t al. Diabetes

constructed ‘sinp to conpl ex nodel s
29197919901 28 e Wattomeana gamehthysiol 862 :E765-k& 62 (H93Ni Svesb sinds

Mifscpyy AeR ] PRt b s 005, s Byerpebing HuPiisigiged
2439BP2400 BY59H. OERY rezeschetdHRe constriBeéd Sinph) modals bf Bélcells and a
Res Opin 20 Suppl |:S5-26.:S5-26 (2004); Warren et al.

limited \numbreehingnuneseedldypey (Freieslaben pf alpRiabelgn 4§l 677-1635 (1999);
TriRAE GEL DiABERE 46108 tz%gﬁf’ﬁ 8L foFHsRd B8 Ad1s35BBINE005)). stil
pat hogehesi s of typ di abet és: erein, g spécific

ottetElmsicongfuctudisimplarng edmples soddslsalesighedmorigmpeorsdissant s
are dynam_cally and nechanistically represented over
manpgRnent oF feferming geanomie gt oihs disaise (5-Be (hehweann et al. Med Inform

i DAt | : i i RBA RO
(LRI S AIDOMOoR, b Sall DTGRP ABREREY) Supb) T30 PAH56-552
(2088 nRalmehetraé G MeddRes Gpin 26 Soppipilus £26.085-36 (209t Wemén et al.

whi ch ingl.udes. bial Qgical co rtmen and t
HeAlh Tecltiet Siee Eiitholoi Lo d P iy € e BT e gt Tocused on
aufoRRMAAE PARbEARsIObT typR e dlatdteabPRh&tind tHeQbBATHP 8lcHicAR@TPoth target
progressi on. D. Surmary of the Invention £0006] One

tissusp ard ingthunéeomppnsnisiashdymaoi¢alleandmedebarssticatly represented over time.

TR MR R T ST —

noésa Bsshs chpaRat AldstoetdlorfoMgpe I dilbies.| Mepde, HReeis a need for a
identifying one or nore biological processes
compylst prmadematienl grrdebwhieh irclysdes bicdlagird cogpattgents and the

int SR brdpERARRE M duild ?@%pe bl %s%g{aﬁ'&g of’{;@%ﬁ%ﬁsfbte%s
generate one or ‘nore representations of a biologica

autpimmess desmo pragredion t h t he pancreatic | ynph node and
one or nore representations of a biological process

assqQciated with t oneor nore pancreatic islets; and
ﬁ%ﬁ&“?ﬁ@o?gﬁgﬁgﬁﬂ?%ﬂions of bi ol ogi cal processes

[0008] T @B aspect of the invention provides methods for developing a model of type 1
diabetes said method comprising identifying one or more biological processes associated
with a pancreatic lymph node; identifying one or more biological processes associated with
one or more pancreatic islets; mathematically representing each biological process to
generate one or more representations of a biological process associated with the pancreatic

lymph node and one or more representations of a biological process associated with the one

2-



10

15

20

25

30

a nodel of type 1 diabetes. The nethods further can

conprise identifying one or nore biological processes
wazswovetded Wit h gut and/ or gut associ ated | ynpaoiud2006/009546

ti ssue; and mathenmatically representing each

bi ol ogi cal process associated with the gut and/or gut

associ ated | ynphoid tissue. In certain inplenentations

or b el TRES; BRIBERBhE Sk BATRL g PBRbeses o om
a theqy] 6Bt atdidhetesAtTht @Rstliods Fertitdh chilorfesedierHyBg one or more
bi ol ogi cal processes associated wth a}cg‘i)ancr eatic

biglogisH Drerseses gswcisies wigh 8uiangiop gBiasseciated banpheidhtissue; and

hal anc =0 I . l.at i
B R S L e S e e
asswiciatdud ymphoidrtissue. dnleehio ginpineptatioesthe onass morapadreatic islets
i one or nore ,panc;gati c.isl e#es IS a, bi ol ogical

W t.h
coglpgé%étgea}sérvgq Raicregtig 136%{ A @Bother epleged gnplgpigntation, at least one of
thd SHUrFEQE l‘)i(ﬂi%il:al%?&&@s laQ3Siated LA gﬁt%ﬁti;c W%?p}f §/1(r)rc_1pehi(s) iaé)iological

regul atory cell population conprise
prodepstpted Martalance bE effibriter, ant regul@ gyl tlgopuladibhs. In yet another

t pr i t T cells, Th ,
prG) oSNl rlEsane pL e Pl ar mote LiRlnebel prosessphapeciated
with 4 86 @mérlphn@eiticvkleds is b BRIFi cAPpLoRSNRTkedh altdance of effector

i nvention provi des conputer-readabl e nedi a havi ng .
ang srgylptery ced papylationss Preferabbin thegegHatart ¢tk rapilation comprises cells

LO sent .QCEeSsSSOF
or SRR BN RSB e SR8 RBAF g Rty
T ¢elist Theakpuiawre Dreplls preferably datibesxpidss alttifsic effe@sedul digvity.
one or nore biqlagical processes associated with a
[0Qf7h c (Qngraspeqt 95‘31& iRgadon B;ova%s [remRPieEEpadpble prdinsainggpmputer-
QR SR, OO B BLORRENEARATY B B rosesr
to sratuaderdypec hliabetes tand figtiep svhbeimthe indtivetiomyroageistad)i ons

f biological processes to,forma nodel of ty 1 .
meheumstally oo il o e bloloeiedl praseses apripled with a pancreatic
lyfiph hedeab) mathkihatieNyassRbdnftls 008 oPhofbiBloRi@l POLEREs associated

rocesses associated with gut and/ or gut "associ at ed

withyqrsiesimpre parngeaticAsleter o)aiefivisiy, set elempthemeatical redationships between

| se aceeptin ser i nput . speci fyi. aon

thegbbich o TR LRI AL BRichs 3Bl Bt SERBR iy, e
instti@RRhh G@ther epmpa s vhathbmascalll Reprb@htifs one or more biological

I npl ement ation, the instructions further conprise
progeeseppssagiated spith g and/spawiassaciiedompbpidiissee. valteratively, the
insBRE R Tl el e oo B i o PRI morg parameters
assonmted wath aresorfroort o€ theanathemsticahmpresemgtionsy iIn tanather
. _protocal to the del. of type.1l diabetes. In yet .
i eERBHoR. By ISR GHICF FERPH FGER g 15K BP¥ppeifying one or
mEOVRIAbER i WitR BRe 8f mBRY 6F thd mbth@maRed r&RbntaiBA8h yet

Yet anot her aspect of the invention provides systens
angtherpmiptsnrantationatheinstmetions further comprise applying a virtual protocol to the

model of type 1 diabetes. In yet another implementation, the instructions further comprise

defining one or more virtual patients.
[0008] Yet another aspect of the invention provides systems comprising a) a processor
including computer-readable instructions stored thereon that, upon execution by a

processor, cause the processor to simulate type 1 diabetes in a mammal; b) a first user
-3-
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i ncl udi ng conput er-readabl e instructions stored

t hereon that, upon execution by a processor, cause the
wonrop@esas to sinulate type 1 diabetes in a maROBIUS20§/009546

a first userterminal, the first user term nal operable

to receive a user input specifying one or nore

paraneters associated with one or nore nathematica

represent ati ons def.i ned t he. conput er yeadabl e
tefEA e oSSt e o L R e ek b i hec g one or more
pafa@fcRidl askdBiatet SFifl SRl orQRRE Albieen i chl epietéhtdtitRs Aekind by the

outputs to a second user. The conputer readable )
compyter tadhldp inspretiansatidyc) esapmdsissr termingl thesseaendouser {prminal
opérggl(r)egg §nc§evg@%h? Hé:"( é)?’r:c)nal L Esgcg ?1: sgujsq X Inl%gll n"lgi{ gc%%?pl & readable instructions
préfatabBravimpees: Y) hethenstdlly reprodeating on®oembiediodieival processes

processes associated with gpe or nore_ pancreatic
asjogjagadswith ppgncgeaticdyigh godss 1) grathegmiatically jeprgsenting one or more

. nel-atii ' . i of:: .
PR S, SELBAG U AR SSRREM ARRLELY cetpnga st o
matlyenpdiicabetatianshipsipteserthe réipoesentafions afl biglogizbl proossssewciated
wiﬁif}%g %lﬁlgc}rgagw yltggbngag euéjﬂ erﬁg%f%g%ﬁmg g? gl{qgoaggl pll&%lesesteg éssg(ggted with
thd B HRdre ‘Iiﬁhcréﬁlcﬁﬁlle@,ném NP apyidg ASARIR pPoté&@ t®fhe set of
n

out puts. one inplenentation, the first and second
majkematical wlativashipmiie sgnerpte a set efitpis. Iongriedmplanegnitaion, the first and

the first and second;user.s ar 1 ffer s,
s nih Sk RSB R it REEe BlcishlsGbfibe HEF ol B hors are
difevstlepisng a nodel of progression of type 1 diabetes,

sai d met hod conprising: identifying one or nor

e
(000191 cyratr appest ekihe nastion Pravises wefipds deneyloping aggedel of
D T o F SO AU R S HRnBBEL S G iotogical
prourebses aggociated wviilt éazh afidt leyyp éwg bymdtioms; seleated diromt theagrdyp consisting

representjing. each bi ol agi cal ocess to gengrate one .
of BRIoTRBREYT bk BB AYORECly bl Gribgneine: BrBRLSend hyperglycemia;
mABSRA AP FephsbiifAGh 8lo1d H6al BlodeSPDoeh¥ieteGr ltrﬂdi’@ fopresentations

; t
and conbi ni'ng tﬁe.representa?lons o#;bloloqua o
of pbirdegisdpreasss esosiatedviiblcadf oftho gt begitwn cohditigpre and combining

di abet es. Preferabl the a east t ondi ti.ons ,
RS of prITEcal Rp RS o fop Bt b e BB s
didberk € FRiTérabliyOfhe at fe@statvo lcBAditioh\ngRivd ifdulifls afdRRfekdPcemia. In

autoreactive T cell primng. The biol ogical processes
an elipropte implasegniation, (e ehlepyidéwe serditiorsGosansise @utoreactive T cell

or.oar . b ¢ L _
P8, 2GRS DESHEH LA GAMABNY B 5 SO0 L L progresion
or trysitidn frombey @f tieaonflitiohhie Themeihods forideesiopihy iamyodehef
P Baba B SEE o s i i mor ilogia

lefle0g ¢ | ' beRisteMological
pr(gzlee n 3 rg ?%S?’?a?g|‘fl§fﬁ“§ﬁ‘3m%§tﬁ?§ﬁ§‘%@%ﬁl§ Q?‘i g?egs ent ien ° gglg ﬁ progesses
astoiclatigiitia buppresesiss dendritipansts;and nwatleenuaticaldy eepresenting each biological

prqza%?q['t%ts g%ggr% ¢ one or (r)rgorg re%lre%ler?tg%ignasl of A b1 %glscalaﬁc’rgge%ls ggs%giated with the

inflammatory dendritic cells and one or more representations of a biological process
associated with the suppressive dendritic cells.
[0010] Yet another aspect of the invention provides computer-readable media having

computer-readable instructions stored thereon that, upon execution by a processor, cause the
-4
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inflammatory dendritic cells and one or nore

representations of a biological process associ ated
Woi20ds/00dra4 suppr essi ve dendritic cells. [0010] Ver/US2006/009546

anot her aspect of the invention provides

conmput er -r eadabl e nedi a havi ng conput er - r eadabl e

instructions stored thereon that, upon execution by a

r . I. .

D e b T RNy BHORAPRS  Rfuctions
compsite: af riatrematioathyr iepesemingoat bemmté bialdgjcal ppcesensssogated with

ne nor e bi ql ogi cal cesses associ.gted W th each
cagfr ol 42580 GRAOT i ote] BOB R BrouR CPIHIERS Agopagtive T cel
prédidEds autPeRiivattcen paRLihY Snshliés hbhd RyesIGEdn®ia; b) defining a set of
autoreactive T cell "primng; insulitis and
maiheredtighl relationshipy begweanrthe tepaeseptations ofdri¢legigel nragesses to form a

rel ati onshi. t [ f .
e BB BT o PELLTONBE PP LSRETLRS SR Rl cormpins o
mdthd@eatically edpedsestingldiR dr msdre bilogied pedvesdel bisbeiated oM gitand/or gut
mat hematically representing one or nore biological,

asyoriptsddymphaidisereatdirrmatively the iasienchpnyean figheontpeige accepting
. . . | |
IS PR o 8L ool BT 595 500
mabiennaiicel ppreacrebtéms. samthatiadleniehtationghe instroctéonsffuttiee comprise
mat.hemati.cal representations. Ln.another

acqoRHE HEFHIRRY: SRECTY IS GO MPCe Vbl stared i opg gr more of the

mARGERIch@pS&Ttatidil Y n $RAGbthY Ml At Mo BeSniAictiBRd RSther
associated with one or nore of 'the mathenati cal
comppiseapphying e oirual protgeel tosthe nivelel oftype hrdinbates-oln yat lapother

B3l OB 50 SR BB B P HfbtTpron ains
[08nDt h&hothBPAspER T & iBventioh @roviddssysibme REmbHEih @Y a processor
_conprise defini ngl one or nore virtual patients. [0011]
inchyding epmpuiperaadgile ingiustipns storeskthpreay thab 10y skegpsion by a

i : F ik '
P B b o D e o LB Bl S B f Mfomal ) o
firgreeassinal, dreuist Ushetepmimabssonpable » eteiud atser oy spsifiyorg one or
of type 1 diabhetes.in a manmmal; b) a first user
mqrg Pﬁ%ﬁ’g_re,rs secirier it g or grimathemaisrl dpresqointiogs dpfped by the
coﬁ\gﬂ&? Feall R bnsHRE SIS Yada%) QnBeid RrRfMh MR LESnd user terminal

associated wth one or nore mat hemati cal

opetapleds privadd tha setddoitputs thy setrmdarserp UEher comgpaitkaiyeasiable instructions

instructions; .and c) a second user .t.ermnal, the : .
conRBisid HeBPpifRbSieSplRa e ot Bor bR ekl agpociated wit
dePIbRHER of @ach SRR DG tWHndilibhs Sddtrsd Bém [t Gonsisting of

instructions conprise: i) mathematically representing . .
auigrrachye Teek pisidyrideyl ealorgsetve | sels pesngs iaguliis gpd hyperglycemia; ii)

| e f. . ‘ i ti . .
el 3Rt AR Bl oLt e Sl ofbiolpeica
pra@bdes pssodiardivath thaut leatawd icuedifionse bhd fil)iapplydig a virtual protocol to

insulitis and hyperg|ycem a; ii) defining a set . of )
the et AEmathiemghcoal splaiqhoR (pgenseaiae sst of RBVEY 18 S8R igplemgatation,

thefirsPhd %_gd'nﬁ:?tllse&r 29% I% 3380 0h ah&HeMhiplerthfiftatithn, 1RAREt and second

two conditions; a 1'1) applying a virtual protocol
usd¢re are different users.

[0012] Yet another aspect of the invention provides methods for developing a model of a
non-insulin replacement treatment of type 1 diabetes said method comprising: identifying

one or more biological processes associated with a § cell population in at least one of one or
-5-
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the set of mathematical relationships to generate a

set of outputs. In one inplenentation, the first and
weeewrnddusers are the same user. |In another PCT/US2006/009546

i mpl ementation, the first and second users are

di fferent users. [0012] Yet another aspect of the

i nvention prOV|des nmet hods for developlng a nodel of a

Qg Ptk RS e of GRS losR ol RGssds s BRReE Hith an

effebtAfaFiofdhslinaeFlasesend &S aficat @fdyp% 1 Qiabetes;aRhthematically
popul ation in at |east one of one ornore pancreatic

refirgdeating edchdnelpgigpliyoense tapgengiFteons; Q§|n@c§'p égqresrgp‘@&lgg%@fsa biological
pr(?cfégsg%:sﬁ@% e%}wl% aﬁ fglgf ecg%tPog a%d%?lﬁ H}%&‘ e;ﬂfésgﬁla@&n%r@gtblologlcal

proRBY A56AAted /ithaserleb0d Bl ﬂ(ﬁi-lnﬁﬁlﬁi:ﬁé@ﬁacbmeﬂ&f@frﬁérﬁ ofBpe 1
or nore representations of a biological_ process

dighsteacindtcombiing theeptssengationp eb teaiplogicahprogersesie fgp the model
i
of g R IRRRL AR irfeslelt ATEEY RHAGE>EnAREREH ik con comprise
thd stemtatedinti6fing ypeodmdictielogival Iﬂncbsmrdssmatgi Witk a pancreatic lymph
representatlon§ of the blolog ?aL@ﬁ%Pcesses to form
nodgendgpatherpaticglly spressating ach BiplogierlwrrCess 19 ZehAte Qe or more
reﬁr¥§éﬁta&ogé 8R£b8R Q-Ehgro'c?gstsr@&cfa%dt Wik tlﬁa%n&%ﬂﬂ?é Iyehidd@e. Ina
teps of identli y|n one or nore biological processes

prﬁ'ssertinqﬂademaﬁdsnsah@amn:menane(bldlyg[piﬂ pmcz%ws assbciated with the B cell

mat hematical |y enting each rocess
POPRABOHFRIBAES 3 biglpgiga rpé‘b‘ie %*ﬁ?%?tPg athg %W& Fegpist against

B RIS SH oﬁ%ﬁﬂﬂ‘ﬁl%@ﬂaﬂ%ﬁ e dife o‘?%ﬂﬁ‘é BRI ce{n%) ?§50015féd with the

a prefe rred ement at'ions t one ogi cal

B clelCtQ)@&EﬁSn aﬁlﬁpﬁse%taﬁtﬂolugfthl ﬁrb@sbassehhteﬁ @gth mkm‘saﬁce of B cells to
onpri ses a biological process associated with an
de&tht én ﬁ?ﬁﬁ@étheégﬁﬁﬁ@émﬁ@%ﬁ: g ong qs anerg biglpgiga] pregssses associated with

@é%lgggl?l}é%% | o?oﬁnprﬁgs %Q%lq%FcaFger%F& a%o%git&ﬂvltﬂg c%ﬁ}?cﬁfferatlon. In

Ion Cco

ansﬂhei RIEAbntR AL ﬁ?esoréﬁﬁ%‘dré‘bﬁ)%g%dl Rrdc@sdes b@ﬂ@l@te@fwﬁh the B cell
|'s to death. In yet another inplenentation, the one

populatmm eothprides gibealbgipalqressesssedaiod wathdticall ndogerasish In another

Prféé &ﬁgﬁgﬁgﬁﬁaﬁ&, %’?ggigt:ﬁ?lg ?)gﬁ\e?)ég !,9? ﬁ@% alblloﬁ zﬁaipﬁ)ézpsses associated
wi'tﬁrﬁ’ile ggﬁahﬁﬂﬁn §shaeb18f6?1c9f pﬁ@és@ r&hiel @9k 6Akn R ACBRSOS and

asso i at popul ation conprises a
refilatbnygietigiopplations Tha bslanceatfedfenior hndregslatorpecl pomdatons can

ingis bt RGP SRR gF Bt o eaiaceet GUpETRbaaP Fafol: te

re%‘d’lﬁogf &8l JopBRRLH 3binPAsdsTeids B 19MPEbIdAIneRED Qﬁéﬁa préfepdb® the
o a bal ance of effector and regul atory cell

regdgatyacellqopulatine comprises aegyateryt b eellsr Theepgplagary dt esily of the

cell popul atjons. c C I S
rof el R Bl afe il oA oy R AR o e L L MRS,
[OME} f@xﬁb&s?b@ﬂo}f tiesihberftion pratid @reoamipdrirefiableahtdia hfwmg computer-
hoi d Ii neage. More preferably, the regulatory cell
re&gﬁuafttnt«;ﬁow%@ Crl'b‘g@ﬂ» HE%V‘CW% bp3ga prpggssor, cause the processor

to Eﬁgﬁétgt Phdh-hsGfh {ef)la%m%ﬂqreatment of type 1 diabetes, and further wherein the

instructions comprise: a) mathematically representing one or more biological processes

associated with a B cell population in at least one of one or more pancreatic islets; b)

mathematically representing one or more biological processes associated with an effect of

-6-
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regul atory cell popul ation preferably do not express

intrinsic effector cell activity. [0013] One aspect of
woOheosioaaamt i on provi des conput er - readabl e nmedi aCNASRVE/009546

conmput erreadabl e instructions stored thereon that,

upon execution by a processor, cause the processor to

simul ate a non- |nsuI|n replacenent treatnment of type 1

théi%%%?}%@ix% re ;Agel‘f‘lglﬁ eéug Pf slp tdq a?oekegs é)r tg#%nagsret %pgthematlcal

esentl

relbiiciishipis batwedeh GeOSpRScrAREDE Ioﬁbi%%g\i\dzdl bro%eé%e@ﬁi form a model of the
popul ation in at |east one of one or. nore pancreatic

nofheia. repyoemenhisaimrriafitype baichetent Thrgnsfiections agy iarther comprise
még%%@%gﬁfkegpés%@gﬁe A 'gat g@ %Mp}q&eegas sésﬁg,{ed%&elpgag?anaeanc
lyroph dede. m1tqyna1v315yt ordh additibe,the instrhctionk atn firthlet pamprise

t he representations, f bi_ol ogi cal processes
el A O FesER BTH SISO S LS Esmo i iea at leat andlor gut
assfbfnatédﬂ?m%h&iﬁ 3RQ1L SThe RGeSty 4155 éa%riﬁrtﬁéifrboﬁ%fsg &cepting user input

ri se mathematically representing one o

Sp(tﬁlfylutgﬁm,eair npre parsusteragssodatad sdthwinelor mopantihe aanathematlcal
rerrk SRR nePotedl PRt e o B libhERibr Shovayise accepting user
ingu® P iPitiziong 0@ ﬁfbr@{/armb[d% abioRl0dl With o SCASRAST the mathematical

associ ated w t ut and/or gut associated |ynphoid _
TCRTPSSBIAEOnsTHE Yﬁh@w%mﬂma}weatag@ndbﬁ instpetinas ferdhascowprise applying a

g e

Vi R B B ey PP b I o T B ARRR tR
1nstmpu1<ﬁ$émtt]aﬁricom$nsé defariog ey ori e et phtients. t he

ons U r. conprise, accepting user, i nput
(0L LG | 5otk SnesT ot o Esman P Ge SHO&BE FotiBaving BF igeessor
mc%dlﬂ%&ﬁnﬁfteﬁlj%ﬁdm B@ﬂ@étioﬁ@ btofARh&SEN AL P e%]cﬁtlbﬁ? bya

anot her i enentatlon t he |nstruct|ons
Prasessor.iceesed: plgolccﬂgoatoxsnmulaw a pmeinedol repkacelhaltnmd'eﬂlembf type 1

. .1 di ab [ t.h .
o e B0 3, LB PP T AL BBl s
usétiifiud 8hech@ingeie Br nlROpAmORS L85 ciAEH §4ih Rk ot Bdre mathematical

i nvention_provides systens conprising a) a processor

reprefeniatipnigielioam by e qompuissireadabletipaimictionss o5 e espoond s
ter%lﬁlga(ﬁ: gcgg %ércgﬁzi usselﬁj ?&%nfaff %géﬁlf)l% N E eﬁﬁ? ge%ls 1 ou ﬁs g%esecon user.
The cempmentcaddbld inpudtiots a@ﬁpﬁge i)ﬁnﬂh&ﬁﬁﬁﬂ%ﬂy ré&resenfihg 6fie or more

ser termnal, the first user termnal qperable to
bi %?&%ﬂl PEOCESSEY ATSOFiAlSH tithpneioF g PafEeadic 1ﬁéﬁ8eu)praﬁtaﬁ@@fé¢aély

oSSR WD 0 LTI 6 1 gppionin s

oné oisthe uad bomere pfmdreﬁt)c Rlete @g{idathaﬁaudaﬁy g@:ﬂiééﬁntlfl@ éne cf>r more
. second user terminal operable to provide the set o
blogqaliﬁhtﬂgocwe%\a%%%fﬁa“ﬁ elipREoiorsingylin waksgement treatment of type
1 didbelebucy &éﬂ?ﬁng:é?@%fﬁﬁthe&ﬂatl@ﬁtrgﬁﬂﬂ ?lﬂeﬁvé gﬁﬁ@fbﬁ%éﬁ&lons of
one or Tore biol ogi cal processes associ ate
biotngieab procpmacassatiated withehs pné or)mmtﬂaauaamcmletsyand the
one .or nore bhiolo sses

repgf‘gg ) eﬁ%{ggﬁgggl?ﬁc@ PEOGEsses aﬁ@ﬁ’@#‘g @h S 1 nogylagion and the

representations associated with an effect of the non-insulin replacement treatment of type 1

diabetes; and v) applying a virtual protocol to the set of mathematical relationships to
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one of the one or nore pancreatic islets; iii)

mat hematically representi ng one or nore biol ogical
wonrop@9sdEs associ ated with an effect of a non- PASWIS2IV6/009546

repl acenent treatnment of type 1 diabetes; iv) defining

a set of mathematical relationships between the

repr esent ati ons of bi ol ogi cal processes associ at ed

h the r t he
et aseor MR, RRE i BPHHeRROF b B BuP el Ry ho same
usohi uﬂn afidierim®Binlenpibiotl) tAt ifiedt add dedoh@ uE&@P hRSEMERh @RS,
associated with an effect of the non-insulin

[0%ish| Lnerpsprct of Bgdnvehtionproyides a compyisebased mathenpstical model of a
| e . ti .
IR D0 4 U L 8 ey B, TR
pluraip’y efrérstlacttlchnmbutbtbsﬁels tand tl‘wrrdpmmmd)nuﬁ'ehestlﬁﬁe céiprises a plurality
ser anot her .i.np tion, the first and
of ERpomtis s, WRerP s PEIHE R ALGICE F BRSSO issagped i brone of
thetﬂlﬁrahfyv&flﬁét%t aaet%uféa%ués CRERMLEY tRIRGD iT8B&ERFbiAhe group
bi ol ogi cal system conprising a
COHW@@M bram, bwermmmtssu‘wstlmvrmldqqancnem Inicps iimplementation of the
ri.se of .di stinct. tributed.sites .
im SR R PafhBubfbldoi® ateibe Sbbia{hbbrgibi g autis 85 dosue.
Anbﬂiéf ghpleemthtisPoeRIOO bl EIe Wher i BieliiftiRAGRtrDutddRes describe
plurality of representations associated with one of
tenpogal fietereganeiy withiy the fipsve. & arathesmnplemeantagion, the distinct distributed
. Br I g
sitdS gggcﬁgbt%giﬁ%ﬁngp&?%s TP el sidf o?&gir%ginjf& Vil o SR,
[0046] [ehemethar.aspett ofthe inehaorpiogidesn wfnphfw-bafédﬁﬂzithﬁﬁatical

motﬂgte cgdral)ﬂg %ﬁw%?%q%bﬁsﬁ q%gl%sg)&t ¢ S@%ﬁ%%%{tq%&nsogf%tng %lr more biological
procBREEABOE Akl O W*thﬂﬁﬁ’éﬂhﬁﬂ%ﬁ)r%ggﬁrﬁlc%ﬁ% %L etr{erlﬁ' 18 bidiGdical processes

di stributed sites descri t enpora erogeneity
asspginted rwﬁhmlppresau@dandatlo chlds: Prafprdablygh¢ AtceD mespoie includes both

dlstl I stributed sites des ribe stinct s
ot G erinohy T 2l B P R P o5 LGeton Bohagence of
1nﬂ’éﬁimaﬂ6@/txbe§up9&§§9é d&Hdriti0 Rell I HeRks IR reRAPY 'eﬂ%hsfén of effector vs.
mput er - based mat hemati cal nodel of a T l'ynphocyte
l‘egrll@éqm Aseells ofvipetheriipglemnensgsion paeiidesi ropdeds Wbﬁemanﬂm;m@tory vs.
su;% 51 'd&?cint r(i%ﬁg §l§a§§ é%rzzsegarcllaﬁ% retgn#tﬁ% (}‘b%]pfolgge re o %ti té)é’lo effector
T cansmpamioayitm pdmlaummgsm vesetieNglitigehs cel |l s.

Preferably T.cell response includes both effector
[004 4k P@@@P%ﬁcb?ﬂﬁhwe/@nw prlowdswerh?&ﬁ ehiimulatingiyrst 1 dighetes, said

megﬁﬁgrefl?ﬁgmgtefifc *ﬁgé 4 6mphter %%F%m Mv¥ntiotr, a8 H&B#lﬁé(fﬁéf&n In

Ives the relative expansion
cerifirf En;!lcmem/tatlonse‘(lpﬁ inzdtlordyofimelatisg typedtdigetes further comprises
wherein infl

[ enent oyi des npdel mrat or }
apn}ERe § AL Dl i PP RE Bonel o Rarrpiesh o P iptaierasenting a
phdnﬁf?ﬂ»@ ®f l‘:ﬁ)%ﬂocﬁ%tés' -Aﬁlothelr inkdfbieed Paplom&ithifd MEludeCBbhods, wherein

expan3|on to a particular antigen or set of antigens.

the [Viytua? pratpes! aemppises eftherhpeutinvegimen,a @agmstie pravedurodmssige of
tin betes sal net ho

[ I
g B B et Bt d] AR T SRR TSRO Mbementation
of ttle &ﬁfehﬁ@dpﬂ@@fd%s fhetHods further comprising accepting user input specifying one or

more parameters or variables associated with one or more mathematical representations
prior to executing the computer model. Preferably, the user input comprises a definition of a

virtual patient.
-8-
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certain inplenmentations, the nethod of sinulating type

1 di abetes further conprises applying a virtual
wonaaicmogi44t 0 t he conputer nodel to generate sePCOfUS2006/009546

out puts representing a phenotype of type 1 diabetes.

Anot her preferred inplenmentation includes nethods,

wherein the virtual protocol conprises a therapeutic

[0018Pi TBWill B dppagnesd btofy dekillinghe patmage eafbodiments summarized
exposure to environnment al tOXI1 or physi cal

abeyeanay kesusedgagethes ihaty SUHAD Ig REmbiefigh i generae padseT on
emBO& X{eﬂ%ﬁmoﬁ%@g&g fobhid VoV E R hat lsBSh RESRMERS a&s&ﬁmdered to be
I Nput speciTyi'ng one or nore paraneters or variab
par@sftheipadsent inidritioane or nore nat henati cal
representations prior to executing the conputer nodel.
Preferably, the user input conprises a definition of a
virtual patient.[0018] It will be appreciated by one
11 BREF DESCRIPFEIGN OF THE DRAWINGS ments sunmmari zed
above may be used together in_any suitable conbi pation
[00189] génmme‘am ithe mehpdssyasd i o Gespugsy pradely of type 1 1s
11 & gg and that such enbodi nents are
TEA F ‘0 be part of the present invention II.
[0038] EFIGESGRhJrt &N x Ednp [RHES iRRAWYYNGE gf 0 ]} livls mudules relating to
of the nethods used to devel o ut er nodels of type
pancreaticilymph ppdaseisletyiang @erfelateg@pgg]) g3l @roeessss) yst r at es
r licit9nodelin
O K e b BR e P LA, :
of Bisthagiistdbutpd sitesses. [0021] FIG 3 i I | ustrates islet

T UNEERE R AT —

paﬂhbg&&h@%tf@yﬁaeq A8bdt&Sin Moo insiké. nct events al so cal | ed
checkpoi nt’s, characteri zi ng at hogenesis o

[00233b 1655 demNErasdhat a] GIp @ouse,cs FiH @Wﬁ%{)@@ el of type 1

e el SRR gl SRR RSP e

coléct@lDRomiliveaDBanEat Bltiotl [plrobeiddta Gtehpdialadticasquaees) NOD mice and
live NOD mce. Blood gl ucose dat a fromq(iigargetl C
nop-slipbgtie 69irdgsbNAR éll%ﬁﬁ!e Averladd By smylatiomy am theyjrippl WOD

mo%n%ﬁsgﬁg{#ﬁgl o ?pugx?ﬂ%(‘%kbrﬁgs lgﬁk 14t Wiy fh%tshiﬁle titfdBame as

mous onmes hyperglycem c
actot NOD iive. sane ti mefrane as actual NOD mice. [0024]

0@481 Kl Betrols Steehive Sodibdons v wed gt FEbied ste
coﬁ’ll\SF‘{J 898 yied ih'eta(/é\.tage RGPS alrB& thetdthl RABCELANG. BAGIu§iAtes the

strates
progressive 1nﬁ1trat10n of distinct distributed sites (islet bins) over the course of disease

progression in a virtual NOD mouse. FIG. 6B illustrates how the events occurring in
distinct distributed are combined to yield a reflection of the average infiltration across all
pancreatic islets in a virtual NOD mouse.

[0025] FIG. 7 provides an exemplary Effect Diagram describing conventional CD4+ T
cell recruitment and life cycle within a pancreatic lymph node.

[0026] FIG. 8 demonstrates that depletion of innate regulatory T cells mechanistically
causes exacerbation of disease processes leading to earlier disease onset within the model of

type 1 diabetes. FIG 8A illustrates the virtual NOD mouse without innate regulatory T cells

-9-
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progressive infiltration of distinct distributed sites
(islet bins) over the course of disease progression in

wa 20ierobesalt NOD nouse. FIG 6B il lustrates how PO®US2006/009546
events occurring in distinct distributed are conbi ned
to yield a reflection of the average infiltration
across all pancreatic islets in a virtual NOD nouse.

VI des ff-ect ram
ex 8RR st el bR PRI P Bl b Aodlptia oo
relhfifegto @Iye?ﬂeﬁarmdemmﬁuaﬂ\m eicRS¢ (uppbiydeshediosts. T][lé)@ﬂﬁ}er Bf fanate T
8. denongtrates_ that deg)l etion_of ééizlnat e regul ator

regaiatory crlle s gpatificdiinthe koxies o linesddlaphadi s Hledﬁfeawéé(sr@al NOD
R R e R e

illustratem tHat tEDirtwed NOMintduse tvithowtaheate Biy.llaamngyce'ﬂs develops disease, as

el l.sexhi bits a stronger an ansi on of
defiiod Byperabicen b of B Ger 86 1R e felfFeteediGitve 1o t he
[Oﬂﬁi eIFPHCE shdwid dibdxalipie SUBEAUIY Bﬁ?fan‘ij ﬁ?rhﬁ‘éij'EBﬁleﬁ cell-ﬁﬁ% cycle in the
nber of innate T regulatory cells is quantified

181che | oner two lines ( dashed is the reference VI rtual

solid |s t se w tho
(0080726750 il i Srmblafy Ejredt g et PG P BBtomy 04+ T et
pnkdi@%mlﬂahbk%hhd\@x gs.W t hout innate regulatory T
ells devel o i sease, as_ defined by hyperglycem a,

(00381 o KTGcl ) sherwsiavsempliy ERfect Tip gremy dsombing 6 gl jpnate

regtry-F SR o AR, i b o SR ARBRSE" G ' 10
[0080d WFI@N] Zstengs| anrex emplaey EffEitdjngmamddescribhibg bgnventional CD4+ T cell

.gconventional CD4+ T cell primng in pancreatic |ynph
diffesepiiation gopaeraefieslymph 1 an exenpl ary Effect

[Odﬁl?g R AN sinG bty BRE:THAGkLE &e%&%lﬁg ﬁfrﬁéte-l}eglﬁbt!ory T cell

e cycle regulation 1’n pancreatic |ynph nodes.
recr@oB@lt afd lfe q;@lesthmcraatlcelymblnadgs Effect Di agram

cri i convention + differentjati I n
033 c Fach PEnpRR Bty FREd Hiefif acepifl fihlsendfionr cal
acte8 R irdpancidafie impl @@leam descri bing innate regul atory

T cell recruitment and life gicle in pancreatic |y

h
[00334 e §1G| Bodwspnexemplash BifsctdNagrevgsiseningOdet T cellngnd innate

reg AR AR AL P! R Bah GBIV RN abage’ (| S0CT 0T O
[003x¢ mF[[@r 16 Efofw&&h eRemghaanEffest @inframgdestdbing Taelllcalkoktion in

|nnatz regul tory T cell nediator synthesis in
pangrentic dypplg np h nodes. [0034] FIG 16 shows an

[O(Fﬁf k@ 7 HobRGh bR EHEG BihdhRCiclcdiht CERUCH AT LelRiitment

and life cycle in pancreatic lymph nodes.

[0036] FIG. 18 shows an exemplary Effect Diagram describing CD8+ T cell activation in
pancreatic lymph nodes.

[0037] FIG. 19 shows an exemplary Effect Diagram describing CD8+ life cycle regulation
and mediator synthesis in pancreatic lymph nodes.

[0038] FIG. 20 shows an exemplary Effect Diagram describing CD8+ T cell calculations
in pancreatic lymph nodes.

[0039] FIG. 21 shows an exemplary Effect Diagram describing B lymphocyte recruitment

and life cycle in pancreatic lymph nodes.
-10-
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pancreatic | ynph nodes. [0035] FIG 17 shows an
exenpl ary Effect D agram describing CD8+ T cell
woeateiweaent and life cycle in pancreatic |ynmpRCIWS2®6/009546
[0036] FIG 18 shows an exenplary Effect D agram
describing CD8+ T cell activation in pancreatic |ynph
nodes. [0037] FIG 19 shows an exenplary Effect
004029 sl HEQ 15 iRk ivati
O oy £ o st oty b Iogrof B BBy acivadon
in pancreatio lyhphweoden exenpl ary Ef f ect Di agram descri bi ng

+ cel l. cal cul atipns._j ncreatic. ly nodes.
Wﬁ?ﬁsﬁ%ﬁcﬁh"ﬁv S i gmelenp R TPy %ﬂ?@?gg}a@aog%we life cycle
&ioh] BedigtoBsyrHaR0 ' | ﬁ,}{ﬁ-}h '
reg’ﬁjlancr Jeat i gtol ;}:rph nég%dsiﬁl[t%g%?wg:ﬁ%ﬁ%Z%ri%ﬁ%ﬂﬁé&a ot
[0042E Gy 34 shows en eppmplaniE feet Qingamgleseribing Bdyyphocyte calculations

. ' ' ' ncreatic | ynph nodes. [0041] FIG 23
m@%‘%\}/\%ﬂg%ﬁeﬂn@l@gry Ef fect Di agram describing B

[0043 1 D@ y2 Seshloivks @n @y erhplaf e Bft @ DigFramtRAEHiIRE nAl RBRE BNK) cell
and antmlwf%gy p{ aoduction, in pancreatic | yrrph nodes.
reciypment ¢ oygledp parcreaticdymphpadss. £f f ect Di agr am
cribi byl Co L o
(0ap G Aok $RAREMLE BAKA Hiakn AR LRI Sildcfivaton in
pardreatfe dymplesadesbi ng natural killer (NK) cell
00851825 o B Pt S

reglRE6# bfid MGdidlor ¢BhthesiEin paatieAit fymphagegat i ¢ 1 ynph
gEodes. [00415] rFﬂGeﬂ spr?ovvs anyg(pgm?gfy Ef f ect

[008p L g F Kn ZBeshews bh srernaebffeat Dizgramlescribemg INKt deblrcaboatitions in
edi. esis in pancreatic |ynph nodes. [0046]

pm‘g%u@%{%lﬁ%%gan exenpl ary Effect Di agram descri bing

[00MR] CEIG. 29ahowh ah exsitplary BfaE Deairing deyd#ding\@S@sitic LOP4d

FI 29 3{(\;\5 an_exenpl ary Effect Di agram descri bing
magfaRAges g angfife wyele pprngeeatic dympleRodes. and 1ife
0048c! 14, ' 483 . F| sho o
OB F16 ORBBS 67 Lm0 8y AT R B0 Wraion
pangrsatig ltmmmades.pancreati ¢ | ynph nodes. [0049] FIG 31

Ef f Di i bi
[00@2 \;\%ﬁ ;}é gﬁﬁlgng %lg%%qmplargfcéffect %%{g?angn %gssc(l:'icblin% nqgcrophage mediator

synthesis and dendritic cell/macrophage:T cell contact in pancreatic lymph nodes.

[0050] FIG. 32 shows an exemplary Effect Diagram describing dendritic cell and
macrophage calculations in pancreétic lymph nodes.

[0051] FIG. 33 shows an exemplary Effect Diagram describing antigen presenting cells in
pancreatic lymph nodes.

[0052] FIG. 34 shows an exemplary Effect Diagram describing dendritic cell activation
and surface molecule expression in pancreatic lymph nodes.

[0053] FIG. 35 shows an exemplary Effect Diagram describing dendritic cell mediator
synthesis in pancreatic lymph nodes.

[0054] FIG. 36 shows an exemplary Effect Diagram describing tissue composition and
volume calculations in pancreatic lymph nodes.

[0055] FIG. 37 shows an exemplary Effect Diagram describing T cell surface molecule

expression and cell contact in pancreatic lymph nodes.
-11-
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synthesis and dendritic cell/macrophage: T cell contact

in pancreatic | ynph nodes. [0050] FIG 32 shows an
wexeaemwpestsy Ef f ect Di agram descri bi ng dendri ti cPceiuS2@ndos46

macr ophage cal cul ati ons in pancreatic |ynph nodes.

[0051] FIG 33 shows an exenplary Effect D agram

descri bing antigen presenting cells in pancreatic

TP 3180985s QSRR 5 DN BB i

pralucfi@ce pmtestid Knpkmodssi on i n pancreatic | ynph nodes.

0053] FI G, 35 shows an exempl.ary Effect, D_agram .
IO({%L- c II‘lr[@i Hyshoztsdn, oxrRpiasy Fiiggdriaggm depeiitiag CD4HL cell and innate

reg&%&nl%elawlpcakmf&ny ﬁﬂ%crelagg gﬁqlﬁﬂoﬁes 36 shows an

l'ary Effect D agram ing tissue conposition
[0058Y G uileshostsanleatinplasy Effegdhegmat desciiying EDAddB sell and innate

551 .FILG 37 sh ol ffect D
regyus Lo Ee S A SR o R e iE i s s o and cel |
[0059Nt &G&. ANSHARGLRREMBlaky FEBctTNdSSH SR&Ming CBY-+ T'ggelﬁlﬂﬂivation in

39 show an exenplary Effect Diagram describing tota
pangsefitigtigdetspr oducti on i n pancreatic |ynph nodes. [0057]

gt 740 2 RO AP Bl o P AR ey T et

activatipaCpartdatic isleth nodes. [0058] FIG 4 1 shows an
exenpl ar%bEffect D agram descri bing CD4+ T cell and

[0064h a &G Eythoxtssmyexgmplery Effeetldipgiasydesearifing CO4+CY e¢lbandyinnate

[11Cp: 4 ows an exenpl ary
re%?z? %@?{a ﬁlgléi?gkagz%g@ga?‘g’?ﬁ% p%%_at#%%lé | activation in
[0082hc FéGt 4 csliostsehexePRGOE B¢t @iagidmsdesmsbiag CBX8e1pLell yctivation in
Effefx . .Di agram describing innate regulatory T cell

ct
PangEeqtigdsielSn i n pancreatic islets. [0061] FIG 44 shows

[00%8] €XEAPAAER W ah @K EmblaROE AER 458 Sratnd & iKY € DB+CR L& BRetycle
innate regulatory T cell life cycle regulation in

regulation émpansréagicéslels. [ 0062] FI G 45 shows an exenpl ary

00t cFAar B3 GReb & Epptoafoer Diosatlicsnding Tl Hirdiflyr symtnesis
andEinheetredil agfamedesaitadimparcktic Tsiggl | 1ife cycle
ulation in pancreatic_islets. [0064] FIG 47 shows

[0032? eXErptéshpvistanegemplaggE Hpetddiagpmsasgibng Bl lymipheyae teruitment
ancﬁ’ff'ét(gf@l%i i pancreatic islets.

[0066] FIG. 49 shows an exemplary Effect Diagram describing B lymphocyte activation,
mediator synthesis and antibody production in pancreatic islets.

[0067] FIG. 50 shows an exemplary Effect Diagram describing B lymphocyte life cycle
regulation in pancreatic islets.

[0068] FIG. 51 shows an exemplary Effect Diagram describing B lymphocyte antigen
loading in pancreatic islets.

[0069] FIG. 52 shows an exemplary Effect Diagram describing NK cell recruitment and
life cycle in pancreatic islets.

[0070] FIG. 53 shows an exemplary Effect Diagram describing NK cell activation in
pancreatic islets.

[0071] FIG. 54 shows an exemplary Effect Diagram describing NK cell life cycle

regulation in pancreatic islets.
-12-
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and innate regulatory T cell contact in pancreatic

islets. [0065] FIG 48 shows an exenplary Effect
woOReriassddescri bi ng B | ynphocyte recruitnment ardTiUSE®6/009546

cycle in pancreatic islets. [0066] FIG 49 shows an

exenpl ary Effect Di agram describing B | ynphocyte

activation, nediator synthesis and anti body production

RGN E T T BT —

an@yﬁé@oﬁﬁﬁ@ti@tsluopanc?eaﬁangét@atlc Isl ets. [0068] FIG 51
ows an_exenplary Effect D agram descri bi ng

[0q79hp ﬁé@yﬁ@s}m& ageremplaay REfestDipgtany dageniking émrglc cell and
t Di
g bt e 0 SRR A AR 0 P T
[00¥dihc m@@t 5% sHo@&seah&xe{n@[ﬁjaEffEcttG)iagransdmwﬁblﬁg dazd%iﬁnl cell ynd
Effgct D|a ram descri bin K cell _activation jn

f‘%ea%qtlt‘! fiog} gdgsur %mﬂ? CORIP @XPISISIQh B\ RANGHCIRS SIS ar y
e
[Oﬁgguﬁ?%fgfoﬁmpagﬁe??e tic |f%$$e]fﬂ gbj[aroﬂ dé‘ﬁ?n@{%h&édé—mschcgn and
magropbagapkdntpr Byiftkesis iDipagereaticdelstsr i bi ng NK nedi at or

OB B0 AR b BB Ty BB AR P! et and
madﬁ)g;ﬁagd%ﬁ@eﬁi Rdigtih pak@bdticagieismacr ophage recr ui t nent
cle in pancreatic islets. [0074] FIG 57

[005FbwEIGnd bsl@rﬁsl aareytelepi‘a@cEfngtéymmm@@mbmg depdaisigcbell sidace

mofigle B sl fe BUREF it P b p 3T 56 shows
[00778] emﬁ§%w§fafnee%E @@Eﬁ&t‘iﬁﬁ?ﬁhﬂ&&ﬂqﬁg Qéddritie ceflahd

and macr ophage nedi ator” synthesis I n pancreatic
maceipbage m{l@ﬁﬂl@}l afdl @etivabion aaidulaﬁor§howaeore¢mi islets. Ef f ect

bi nd || d.
0T SR SR g romaliey Blies D RG0S IPRETE el apd
ma& n@gmlmfmbﬁfyanﬁfd‘aﬁ@tsléﬁ, agram descri bing dendritic

surface nolecule in b islet and antigen traffic

[0Q88] pﬂ@? d4tand 65 yshpw cxemplary Bifed Diggrans @gscsihingdisawe composition in
r% Ef f ect Di agram descri bing dendritic cell and
pa ﬂ : : : . .
nmacrophage maturation and activation calculations in
[008ahc Fe@Et 66:sho$vlsenh83xe1{nﬁﬁf}9]3ff5dt Biag3msdwusbiag sefkeapldasdle

Ef f ect aﬂr am descri bing dendritic cell and
expression and cell contact in pancreatic islets.

[0082] FIGs. 67 and 68 show exemplary Effect Diagrams describing total mediator
production in pancreatic islets.

[0083] FIG. 69 shows an exemplary Effect Diagram describing f cell life cycle.

[0084] FIG. 70 shows an exemplary Effect Diagram describing 3 cell surface molecule
expression and mediator synthesis in pancreatic islets.

[0085] FIG. 71 shows an exemplary Effect Diagram describing glucose regulation and 3
cell function.

[0086] FIG. 72 shows an exemplary Effect Diagram describing B cell mass and
exhaustion.

[0087] FIG. 73 shows an exemplary Effect Diagram describing islet involvement
calculations.
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macr ophage cal cul ations in pancreatic islets. [0080]

FI Gs. 64 and 65 show exenplary Effect D agrans
wdesmrovti4ng ti ssue conposition in pancreatic i BCEWUS2006/009546

[0081] FIG 66 shows an exenplary Effect D agram

descri bing surface nol ecul e expressi on and cel |

contact in pancreatic islets. [0082] FIGs. 67 and 68

wexenpl.ary Effect. Di descri bi.ng t ot al
OGBS B PR BR a co R e R e PR Lot e o Baporyment rote
caloQlaib@ws an exenpl ary Effect D agram describing b cell
|life cycle. [0084] FIG 70 shows an_exenplary Effect
[00489h o i ‘Hedhomssmiyemplasy FifsePiagamynsedhipg disgase dadiicedh
de%fh%ti di ator synthesis in pancreatic islets. [0085]
1 shows an exenplary Effect D agram descri bing

[0050}ic 33@. TeghomatancarempthrpEffetti Dibgmant deseribih 8gbdepehdent 72
shows an e | ary Effect Diagram describing b cell
Ch%%tgnsé’r‘fﬁlmé‘ﬁ&ggsti on. [0087] FIG 73 shows an exenplary

[O(ﬁlF e G D AHAR aﬂ%'i@ﬁléﬁ.héﬂﬂff.e&l TSiherahV Y eRS innate rggulatory T cell
cal cul ations. [ 0088] FI 74 shows an exenpl ary fect
meliagerrcaleutitions inpangreatit istets. nvol venent rate

o A 4EEr bR e B oah 00 SReAL GeFhbGBps n e
blo%HGomﬁ@rtﬁB@tWS an exenplary Effect D agram descri bing
[0@9%% dependent characteristics and data. [0091] FIG 77

wd 1@ n7 eshens| aarexemplasy Effpstdpanamadesenibipg averagminvelved total
I r : [.at L cyl ations in pancreatic
Cljl@?gtc é;ﬂsoa[%oc%Eﬁ%lﬁﬁﬁ%@@tﬁ%@%@%ﬁ%@ enpl ary Effect
[0M®h g Fa) Rishomiskainregerhplaey Effecti Dingrai dedsribing tveeagd inoclved CD4+ T
Eg artment. [0093]..FIG 79 shows an exenplary Effect
celpcHiyRHon et BHR davg%@aéwr%%mﬁéa total CD4+ T cells

[00%@!30 33634 HoRls@nUxShb Ry Eﬁﬁﬁ%iﬁﬁra{ncdéséljiﬁﬁg g\é&g%%%él/olved

80 shows an exenplary Effect D agra i ng
apeptetiagP4+ Mveslly ecrogDaultipledbtinchpenoverticasietacr oss

[Od&i t iF?&}.e 8? sihsétwis%cr:ltex %Bfa%? B{”fjegt ﬂiicilgr%ﬁlsdescribing average involved Thl
cells across multiple distinct pancreatic islets.

[0097] FIG. 83 shows an exemplary Effect Diagram describing average involved Thl cell
proliferation across multiple distinct pancreatic islets.

[0098] FIG. 84 shows an exemplary Effect Diagram describing average involved Th2
cells across multiple distinct pancreatic islets.

[0099] FIG. 85 shows an exemplary Effect Diagram describing average involved Th2 cell
proliferation across multiple distinct pancreatic islets.

[0100] FIG. 86 shows an exemplary Effect Diagram describing average involved adaptive
regulatory T cells across multiple distinct pancreatic islets.

[0101] FIG. 87 shows an exemplary Effect Diagram describing average involved adaptive
regulatory T cell proliferation across multiple distinct pancreatic islets.

[0102] FIG. 88 shows an exemplary Effect Diagram describing average involved innate
regulatory T cells across multiple distinct pancreatic islets.

[0103] FIG. 89 shows an exemplary Effect Diagram describing average involved innate

regulatory T cell activation across multiple distinct pancreatic islets.
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[0095] FIG 8 1 shows an exenplary Effect D agram

descri bi ng average invol ved apoptotic CD4+ T cells
waenwdeoaul ti pl e distinct pancreatic islets. [8098]52006/009546

FIG 82 shows an exenplary Effect D agram descri bing

average involved Thl cells across nultiple distinct

pancreatic islets. [0097] FIG 83 shows an exenplary
[0108] e FIGDGaghosum adesemplarn Gifastddiagremi deseribing amirpgeciavolved innate

reglsforyd"C i SRfeR R Seagh iyl BE i ofina R R ©
[01@5?1? izl @EﬁwsQhré&eﬁpmgﬁfe&tﬂm@%ﬁ?ﬁdem%iﬁg bV Gagcinoslved
mu ers.

i ple distinct pancreatic islets. [0099] FIG 85
apeyfiefigsinantc sxavgiomyrly cetlsfastass muliiple distie daperstie isletr age

iy olvadyT I i [ . ' -
(AR o7 Sl BBl PR g @G bbb nvolved totl
CIxeTpélay acrdsk hadtiplDidisgnerpadersatid Bletg aver age i nvol ved
adaptive regulatory T ce Cr oss [ ti.pl e distinct

|l
(07970 c FaGH P Sestoenexempla PR iag R drsGabinR Sustermimplyed CDS+ T
ce1ﬁaétﬁ{a’eio%@regrsargié1lﬁgwigt cPPafYaliadgets.nvol ved adaptive

regul atory proliferation across multiple
[0108% t iFiGt 9pstnovseataxemplirg Efect Diagain dis@ibigg avdrageingplved CD8+ T

xenpl ary Effect .Diagram descriping. average invol ved
ceﬁﬂ‘ﬁ’iﬁ a?éb%ﬁr%&g}%l%g{éﬁng{j%aacgg CHIFYi pl e distinct
[ORE?] CIRR6t 05 shows@inSoxelBlPP L et ®ia8AnENRuSbiag ae4eEPneblved
Ef fect Di agram descri bing average involved innate
apepigiic @D@Ng qells eptossmpltiphe distincd ppegeatioisleispl e di sti nct
creatheql slets . :
OB B TSt B e D dea R R g SRR, ived B
lyxgplmbrms Qtrpssimakiple (ﬂiﬁmic:t bﬁ!ﬁ(méd[tiaﬁslam oss mul ti pLe
I stinct pancreatic islet 0105] FIG., 9 1 shows
(OB il §7 Brrescin eseaplay ERsed RErHydosdhing AV AR Py akied B
(I : : B s multiple
Ry o ARt BT Atngt BB FSTRERE2 Chovs
[012¢ mHIGr 98 Efdvescin RenglaayEtfestdpiapiangdesvibiagevéragoinyelyed B

total CDB8+.T cells acros u).tiple distinct pancreatic
s Prp lEgrpT s G St Pedu A S | oct
[03R9'HE o8 %Wstﬁnrk&eﬁhpﬁ{rﬁ gefebiviabralddsbi8bing as@he involved

activation across nultiple distinct pancreatic islets.
app1po 8P 155111@;10%8%%%@6(éﬁﬁn@mﬁﬂgﬁﬁ@dﬁleﬁi agram

(05375206, T MRG0 R p B BEstoraden it b Gt Sfea N
celld 4eroRR 2matipleslistinciepepeihas 1. f ect Di agram descri bi ng

aver age invaol ved apoptotic CD8+ T cells across )
[0185] t iE3Ge 10 showsan egggmg}agéﬁffgcti@pgta@_ describing average involved NK

cell activation across multiple distinct pancreatic islets.

[0116] FIG. 102 shows an exemplary Effect Diagram describing average involved NK
cell proliferative fraction across multiple distinct pancreatic islets.

[0117] FIG. 103 shows an exemplary Effect Diagram describing average involved
apoptotic NK cells across multiple distinct pancreatic islets.

[0118] FIG. 104 shows an exemplary Effect Diagram describing average involved viable
macrophages across multiple distinct pancreatic islets.

[0119] FIG. 105 shows an exemplary Effect Diagram describing average involved

macrophage activation across multiple distinct pancreatic islets.
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[0110] FIG 96 shows an exenplary Effect D agram

descri bi ng average involved B | ynphocytes across
waoubdeiopda4 di sti nct pancreatic islets. [0111] FPGI/U82006/009546

shows an exenplary Effect Di agram descri bing average

i nvol ved B | ynphocyte activation across nmultiple

di stinct pancreatic islets. [0112] FIG 98 shows an

012y R oo Shp i e S AR SRS iRRR R ook
apdped 18adrbFhdgst &irbss hOipBlAiftinGt pARrafiovgetan exenpl ary

fect Diagram describing average involved apoptotic B

(012} b i@ y 1 Wsshaws 68 sxerpletyp et ﬂ%@gfh@tdep%?pén&@ﬁrqge involyed
indﬁﬁglga{rtgl%c{ Qe %ﬁis%crojsg DRIV Gis Ctg’g‘?%%tgc;i lleg. ect

eScri ping averag I NvOol V S acCross
[0120] t FpGE] 08 shbiveah cpanplanakfifect Dibgrtis. deb@ibled averdge id@lved

. Shows an  exenpl afy Effect Di agram describing average
in aﬁ%@%&@ﬂﬁﬂ%?ﬁ ativption acsess Fatnle digtinet panercaticisigiet

Circn i . _ )
R R g o R ¥
apqptatid depdstic vellsfacemss inowtiple dis§isctpahtriepticeisitsst i nct
tjc Lslets. [0117 I .103 , |
10123 S EFE o (5 4B sk PR ALE A PAdB or U assear ived
sup’fgfes@i% lden@aicassls Attobd MhRipH Ebtile baRARGiCeabkC 1Sl ets.
0118] FIG 104 shows an exenﬁ)qléary Ef fect Di agram

[0128k c FilGi Hd shows agexempleryiéidecs Diggramdgserihitemeiesagedrodyed
i pl i.8t 1 RCL.. reat ¢ i . l. 105
o o S ool by PR AR b tat i g e
[0126) OF¥@ 01 1PEshib ap A grermaplatVERfE D Difg i Siesdribing pleage involved
dj stingct gancreati ¢ islets.[0120] FIG 106 shows an

dendgitic,orl phenotyreckemingqcaess gudienle distyctampeigafic el ved

i o L O _
R S e e o L RS
corifeheatal DDEgr B oeltbesorss biubtiple dstiageancereatiovislts.

L,0f | ory dendritic c S across | ti.ple distinpct .
0138 P 1 shove ot exgroilod B STag am o ey wisispltppions of
RQ@/RNStacgséﬁﬁlﬁgﬁlg 8RfhdtaRGeAcasREAE | nvol ved _

inflanmmatory dendritic cell activation across nultiple

[013Pkt FHat 1 |Sashowe aniesemplaeyt Bifedt DiegimMegsribigocadndationg melating to B

Sen Iear erEfef ect D %gr am 1OSI§S(:tri b(i:r%. alve{ age invol ved

ymappop SRR %%H(ﬁgf(}sfgl 8??9 (At LA 1% Flﬁ e di sti nct

[0138C F&@L 116 sheive lafi exépfldd] EffEDidgOm stesoMbidNc Ao Rang idlating to
Ef f ect Di agram descri bi ng average i nvol ved suppressive

solyilg @piigancaveraged agiersoaultiple distgickpanceratinadietpancr eat i ¢

[01i3ﬂ €596, 117 shows an exemplary Effect Diagram describing calculations relating to 8
cells averaged across multiple distinct pancreatic islets.

[0132] FIG. 118 shows an exemplary Effect Diagram describing calculations relating to
insulin synthesis averaged across multiple distinct pancreatic islets.

[0133] FIG. 119 shows an exemplary Effect Diagram describing calculations relating to 3
cell fractions averaged across multiple distinct pancreatic islets.

[0134] FIG. 120 shows an exemplary Effect Diagram describing onset of diabetic
treatment.
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[0125] FIG 11l shows an exenplary Effect D agram

descri bi ng average invol ved suppressive dendritic cell
waaebiexwati4on across nultiple distinct pancreati CTRIS2108/009546

[0126] FIG 112 shows an exenplary Effect D agram

descri bi ng average involved dendritic cell phenotype

skewi ng across nmultiple distinct pancreatic islets.

oBBEE G145 b R AT A e o

tre@@iedss nul tiple distinct pancreatic islets. [0128]

FIG 114 shows an exenplary Effect Di agram describing
0130k §H& 2 shawsen @ﬁ@ﬁ@W@%‘?@W@%@@@?&W& jsi-eD8 treatment.
BT i I I.C. LS : 45 shov .
A S
B7reratmerg. t o B | ynphocytes averaged across nultiple

istingt pancreatic is] et 130] FI G _116. shows an
10138 R (RS B e cruplar Bt DN EETHg desaiCHHied PO pne- chcapsulated
dichRréthéth eﬁ@d@ﬁbéﬂ%ﬁat_@%btﬁfeﬁt. averaged across multiple

di stinct pancreatic islets. [0131] FIG 117 shows an
[0189F nplGyr A2 TEhbws n Bkengplam Efffent Didgrarg desdribingthi effscts of anti-CD3

relating to b cells gveraged r 0SS. [tjple distinct
tre%glﬁgtroé’a%f%eq?ss'sfpéa‘f’ﬁc a[n@ 1egp ‘T’—cll@a‘f ff@s_ ’é’ﬁﬁﬁv@ia fexenpl ary
[016Df eB1GDI1a813DHES ekéhplas) Bk Widdrhah 8¢§cﬁbﬁ1g! tAfeff&ts of anti-CD3
insulin s%/ent hesi s averaged across nultiple distinct

tregimgpt eedipletessinseidic apd nepispemiis T rells wimsnereatic isletnpl ary

e ' ey : ' 2l atin .
18] 2o 1080 U534 BLATAT: DAL R bl SoPumi o
tregiment @adibloetéssipetific ap@ hddspddific T Lells sfdostelothelisdeePidpancreatic
. . Effect Di agram describing onset of diabetic
isleft eat ment . [0135] FIG 121 shows an exenpl ary Effect

! 59l 10 ts _

01 ROF RS BRSO SRRSO gk SR HOE L

[0148} | FICER3 185937 BRAY exdiRBI3k] EffdcEPiagk@ds deerib@Wnti-CD40L treatment.
ary Effect D agrans describing anti-B/7.1 and

exenpl
[014dhk inEICBﬂ.3§ shpwa ape¥amplpy et Piagram fesosibivgsexgndin-4 treatment.
01SECRIGE 180 sk 66 bn QAT DIl ceuibinesBaprhar o
pharmeadkivetics afddfBks. FI G 127 shows an exenpl ary Effect

L ag scribing the effects. of anti-CD3 treatnent )
(013} d}gﬁg]e@@ﬁ%%em%e@l Ay Frfdsist Dipesam dgscribing aficispippamycin
trea‘ﬁ'n@l%%-ly&gﬁ&&]tesl:' Gs. 128-132 show exenpl ary Effect

D agrans describing the effects of anti-CD3

[0147] FIG. 141 shows an exemplary Effect Diagram describing effects of rapamycin

treatment on non-lymphocytes.

[0148] FIG. 142 shows an exemplary Effect Diagram describing oral insulin dosing and
flow to all tissues.

[0149] FIG. 143 shows an exemplary Effect Diagram describing dendritic cell recruitment
and life cycle in gut.

[0150] FIG. 144 shows an exemplary Effect Diagram describing dendritic cell activation
and surface molecule expression in gut.

[0151] FIGs. 145 and 146 show exemplary Effect Diagrams describing dendritic cell and

macrophage antigen loading in gut.
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treatnment on di abetes-specific and non-specific T

cells in pancreatic islets. [0141] FIG 133 shows an
wexaemwpestsy Ef f ect Di agram descri bi ng the eff ecPeTmi2006/009546

anti-CD3 treatnent on di abetes-specific and

non-specific T cells and endothelial cells in

pancreatic islets. [0142] FIG 134 shows an exenpl ary

[OIE?E; %?3 WWS %g\sﬁ,%érigg % IE'?l?.t ! ea%s%[&%grégn]dn%]c cell surface

molkenty éxiprddgion Bhd aﬂ@éﬁ&raﬁ'ﬁ@@ﬁ@ﬁ@t a§s0dideth 1§hBhoid 38RO T).
an exenpl ary Effect Di agr am descri bi ng exendi n-4
[0353} adhEnt48 %’G.Wél@]l exeraplanyiiiad diagram dexahinadsndetic sell surface

moR A ARHAGRE i el RRATYEIRBNE I BERILNE Nt A

mmgm‘ Lose. [OT47] FIG 141 Shons an exerpl ary Bi7ect
shows an exe

m 03’8?%[%;@&#‘ teffects of rapamycin t:rgat m)a/\nt on

[01rsgpe(t§wpmw§anu? feoct Pgor %ﬁ%@@crgﬁn§mﬁt%r% | D4+ T

t Diagram describing oral i1nsulin ng and
cel} geatitmeng @@U@@ cyplgingpt @B@lati(ﬂlsfnmimmttmne exenpl ary

N ST Y I O S

celbﬁﬁﬂﬁig&ﬁguﬁsfs@cﬁate@mﬂﬁ}ﬁﬁﬂds%%@“ bi ng dendrl tic cel |
activation and surface nol ecul e expression in

l01[5611 5 TG A XRshows gn gremplaty BffeshDisgsamp|dgseyibiig GBfH T éell and innate

sl RSOOSR Wl i SRR 000
[0188F nrﬁ[(a.r A3 Ehbwstm Bkagplam Bifst Didirng ddsotibing ¢ohvestidnal CD4+ T
| e expreSS|on and an gto

ac m)Ie en traffickin
celﬁéiﬁfeaﬂgga%m I4tipms Mg apsasialed ?*%“SPMSS] FIG 148
[01gbfws1@nl SRBHRS aﬁxxe%ﬁl Ef@c@% %%é‘cfdb% Snsle ?gé&la[tb&T cell

surface nol ecul e expreSS|on In gut a anti
recruitafent eid hiy cyolepagut ssacdigted {ymgthonbidsse. [ 0154] FI G 149

0B PR S B B S S o

actﬁzé@o&hpgw agsdciatedphphyid Eséeet Di agr am descr| bi ng
onventional CD4+ T cell recruitnment and Iife cycle in

016k i débabews ky memeplon St Diagron Ssjerbir CID84 Ttebhasd it
g@%ﬁ% mhq{lé/dlgf)lf @%{he?l's 39 getrgsgoc?e{%ed P t?s\égen tional

[0162] FIG. 157 shows an exemplary Effect Diagram describing T cell calculations in gut

associated lymphoid tissue.

[0163] FIG. 158 shows an exemplary Effect Diagram describing CD8+ T cell recruitment
and life cycle in gut associated lymphoid tissue.

[0164] FIG. 159 shows an exemplary Effect Diagram describing CD8+ T cell activation
in gut associated lymphoid tissue.

[0165] FIG. 160 shows an exemplary Effect Diagram describing CD8+ T cell life cycle
regulation and mediator synthesis in gut associated lymphoid tissue.

[0166] FIG. 161 shows an exemplary Effect Diagram describing CD8+ T cell calculations
in gut associated lymphoid tissue.

[0167] FIG. 162 shows an exemplary Effect Diagram describing B lymphocyte

recruitment and life cycle in gut associated lymphoid tissue.
-18-



10

15

20

25

30

cell primng in gut associated [ynphoid tissue. [0157]
FIG 152 shows an exenplary Effect D agram descri bi ng
waDRdos/099@el | and innate regulatory T cell |ifePCymiSen06/009546
regul ation in gut associated | ynphoid tissue. [0158]
FI G 153 shows an exenplary Effect D agram descri bing
conventional CD4+ T cell differentiation cal cul ations
[015@ 9G. 338 %ﬁ&@% Sl KPR IEd Tt BRdeam HEEABINgE Hmphetyte activation
shows an exenpl ary ErfeCt Di agram describing’innate
in gueassbeitied fyniploed kissvecr ui t ment and life cycle in gut

Ssogc] at e hoid tiss 160] ElG. 1 ho o
01§ nEAG S et ke romp et Pt Sighnbe s BB yire yote
regllaf6h, lm&dtbY &jntiRBis lafld Gxtibody pecduetieslid yirREwictitdd Igsiphoid tissue.

0161I] FI G 1I56 shows an exenplary Effect D agram
[013)s cFIGhi 16§ S@D&S-al’remplafdrﬁfchggmgéam deeribing§y lymphacyte

i at or synt hesi s.i t,. oci ated | ynphoi d tissue.
calt%{ﬁzg[@?]sntg%asiq%a %ﬁlg\lﬁg)hgllr#%s%sé%pl ary Effect Diagram
[016€p CFI(i 156 showebh exahpladyeiffenDidgrary descaibinpdVKtcet recruitment and
_lynphoid tissue., [0163] FIG 158 shows an exenpl ary
hfeEb’ggdtlgEiQfg‘P%ﬁP@b@@ﬁho W§UeD8+ T cell recruitnent and

[Olk?geF %g%? shBwd4h e)gezlzﬁnp%f?&t bYe[E’Qﬁ IgdsdribfBUSK defl heation in gut

hows " an y Eftect D agram descri bing
ass&dred Tymehdid deduievat i on in gut associ ated | ynphoid

tissue 165] FIG 160 I f egt:.
(0183Eg o L8RP T o ey T IGeR Pkl gt S ity v
regfifoN BfbAtRbochX e HaPhsid tisait associ ated | ynphoi d

t1ssue. [ 0166] FI 161 shows an exenpl ary Effect

[01D4h g FiG hdsshoivhian gx@melaryTEffest Diagipw desarivsngsNKreedypediator
soci at ed | ynphoi d .t . [0167] FIG 162 shows an
Sy“Zieé}'?dPﬂl a%?%g%g?ﬁpg&?‘gﬁéjsglg‘scri bi ng B | ynphocyt e
[017SF T BiGMEME shotd ah iekenplys) Bfféd Diaradsiesaibidgdendyitiploell end
tissue.[0168] FIG, 163 shows an ex Ppl ahry Ef f ect
mapioabpgnfFEInE BRI FlprpRBLYeecialed PUaRIoMhITHe g Ut
24 e e Wé%‘é’?ﬁ &g%%@a%‘?% fifodt 4 %‘E%%@np %%???i e o activation
and¥gtaee nefetuld éxpression dih gotarssayateclysiphorittbsant i body
production i n gut associ d Lynmphoid tissue. [017 .
(01R7E: F5 e caRBRBrAr et RO sg i g g rediator
3 : ji kN gut associ ated | ynphoi d
Sy%é%gl}g%%glsgcl élé?%hﬁ{ldé(gﬂgsﬁgv\s an exenplary Effect
[0IA8h g Fach Hsshowisian gxeiplent Effee HYiagranpedescribigg dendritic cell and

macrophage calculations in gut associated lymphoid tissue.

[0179] FIG. 174 shows an exemplary Effect Diagram describing antigen presenting cells
in gut associated lymphoid tissue.

[0180] FIG. 175 shows an exemplary Effect Diagram describing macrophage activation in
gut associated lymphoid tissue.

[0181] FIG. 176 shows an exemplary Effect Diagram describing macrophage mediator
synthesis and dendritic cell/macrophage:T cell contact in gut associated lymphoid tissue.
[0182] FIG. 177 shows an exemplary Effect Diagram describing Tissue composition and
volume calculations in gut associated lymphoid tissue.

[0183] FIG. 178 shows an exemplary Effect Diagram describing T cell surface molecule

expression and cell contact in gut associated lymphoid tissue.
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life cycle in gut associated | ynphoid tissue. [0172]

FIG 167 shows an exenplary Effect D agram descri bi ng
woldom@ods4act i vati on i n gut associ ated | ynphoi dPCTAS2®6/009546

[0173] FIG 168 shows an exenplary Effect D agram

describing NK cell life cycle regulation in gut

associ ated | ynphoid tissue. [0174] FIG 169 shows an

r f f i agr am desGld-bi NK cel | .ediator ..
R RGH A 7byn o ShETERRAFS I AEh D b St DR 195 redictr
prddubtionliAlu® BWEiafA [kERAH @ksaeEl fect Di agram descri bing

dendritic cell and macrophage trafficking and life

[0185L | FIGn! Hushows go exemplary Fife Sliegramglesaibipm@Pdi- Tred and innate

|. : . ' Cbi
reshllord Y Al AR Do PRORTRT cCLr e ™
[0X86pr #3Gi 182 showgwh easidplatsak felt Diagybmi ddsdribisgieral {HddITn peptide

FIG 172 shows an exeppl ary. Ef f ect D agram descri bi ng
antygen drapsher tocatigenprssenting cslhinnaarieaticlygiph nodesci at ed

| 0y g ) ; : )
OG5 3505 OB o LS 0 i TR e
antigeapogsenigton &l panceatiohgnphmaies. associ at ed | ynphoi d

[ 79 174 0 n exenplary .. . .
(0185F o O AL 55 shot forip g en SR idbrgbiogpaptoris a high
actBlatioR SSRMcAdaRE IynipPARled. 1 ssue. [0180] FIG 175 shows

an exenpl ary Effect D agram describi ng macrophage

[01881 | V&Gi b¥P shawgan caempleiyak@ert Djaghoi d¢seribingieral jnguldi peptide
Fl h X I . Effect .[baqgram d ribing

oo bt B AP R AL A A S8 et

[0196] | FIBCT8NhaYS ah eg&hblapobffet Didgrag@ules@isfebmal B@ulin peptide
| ynphoi d tissue. [0182]. FIG 177 shows an exenpl ary

antgen dEgsepaton Hhew aswciabiddympheid fisstonposi ti on and

O O AP AR v

acttation irbguigssbeiatdd lysphbddssum| ecul e expressi on and cel |

03595 356 Helve in e empios i Pltaros deyeihvid WL Ry Rigide

antlééh@%an%ﬁfoadrﬁ]rgelgpfégéiflﬁsrﬂg‘éellg i AHEreAgSREkat ed | ynphoi d

t1ssue. [0185 shows an exenplary Effect
[0198hgFim Hsshoivisian gx @mpleryTE fedt Diagramidescibéng englinavlon peptide
ancel I CS%I C Irzlati ons |ﬁg%geh associ ated | ynphoi d tissue.

tﬁﬁlé’éﬁ PO HgBAngies S‘exerrpl ary Effect D agram
[019aF C FiGé.n92 andll 93 Bisdi exenf@MyiRieect Diagrams describing apoptosis at high

activation in pancreatic islets.
[0195] FIGs. 194 and 195 show exemplary Effect Diagrams describing progressive loss of

immune regulation with disease development.
IIL.DETAILED DESCRIPTION

A. Overview
[0196] The invention encompasses novel methods for developing a computer model of
type 1 diabetes in a mammal. In particular, the models can include representations of
biological processes associated with a pancreatic lymph node and one or more pancreatic

islets. Alternatively, the models can include representations of biological processes
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antigen transfer to antigen presenting cells in
pancreatic | ynph nodes. [0187] FIG 183 shows an
wexeaemwpestsy Ef f ect Di agram descri bing oral i nsuPCWUS2006/009546
pepti de antigen presentation in pancreatic |ynph
nodes. [0188] FIGs. 184 and 185 show exenpl ary Effect
Di agrans descri bing apoptosis at high activation in
assBE@BRH 9ath £ 1dad dadRBns FA4ABE] frémnGhe gl&ﬁp shisistingrof autoreactive T

Celgéggg&g;gm%gég%&e?%pé; @?nﬁlgw(eg? . 1%@2@%@ h{cs s g@p jirvention also
provﬂdeg Wt 96 fﬁt\f rﬁg? 2 tﬁgr'ﬁoﬁié? of d M%ul’i_ﬂ fépla’e&%ent treatment

OWS an exe agram descri bi n? or al
of typs |d1a[be'pbepf[hajlavemidnm quecempassest Goorputer nyedelsefdyps hiliabetes,

I ynph | ssue. FIG 18
OB sy aeiEdie LEHP e RTEe NG oBn o GaH aing S gygisbetes
an@ﬁiéu‘é@stth% fn gut associated |ynphoid tissue. [0192]
ows an exenpl ary Effect Di agram descri bing
oral insulin peptide antigen transfer to antigen
pr eSerPéfimjtions | s in pancreatic islets. [0193] FIG 191
[Oﬁﬁi Alof %egxgeg&l¥a{?¥ﬁ ’%ﬁé%ﬁ’é&@s go%t 2 I%S’iﬁ% ingg\f‘n%}ag Eéﬁ 2 collection of
cel'BsSdu@h 8sa E%lll&ﬂiurtghﬁ&rgalﬂﬁ tisnd, flﬁiﬂtlt&bﬂi/\llmgq)hm yucEf dsent
agrans describing ap at activation in
mdfygﬁgqtlé]gmag patients & su gnpgﬁ'g:]s fi%mulilgqp%gm OYARISTY, OF A populatlon of
ST oL by B8S 0 GORELL 0B 0B IRRNPopuaio
as h hiokeT AL b HESSRItE IcaNalso u@heieyfoewc@ﬂm%q mphitissue system such
i.nventi on enconpasses hovel devel opi ng a
as (e RSEYONS SR 1 %E?u‘%w&teﬁl» gt %%g‘f’ sas?‘ﬂar Syﬁ%]%m , Iohi )
[OPR] t ITeiliéin “BibR olBRP&InSpondh” iréfelsue @ potiresierislogabsystem. A
bi Ol ogi cal processes associated with a pancreatic
bidlggipdl cnm@enem thag isepast ofrrovielogieatssster eani igelage for example, an extra-
C n
Ce@.‘fla]bﬁio a¥ b%l E oggt;ﬁ'gérgc,om atrg %«L,l“ﬂ&cfo%?ﬁﬁ%gté%% %(gﬂﬁnatlon of

thé&i®. nﬁkérhﬂ%oﬁﬁhtam'é%@blf) gioan dohpogérms) nctades bat dragoulimited to,
autoreactive T cell production, aut react ive T cell

masabioditasgDNAn RV A« prateinselSurigse pad ipeeRs lar FReePIOT-EREYBFS- lipid
m(ﬁ%c‘iﬁesq v ﬁgg glilcﬁ?sttéwfi %h&l@étex%? ¥&d:0p] %ﬁﬁd&o ﬁfi’d‘f)l‘i‘dsi)ﬁ&ﬁﬁh),

non2 | I'n replacement tréat t of typ
hotthefs] @dls, &gmsl, tissmiad, iporticak 6 ceilsg:mspas sesrgoosysubestlular organelles,

ol s LRt DREH SpeFErRR oy, Sy R o

agglle%Qt%tr@ﬁesentatmns of these types of biological variables. In addition, biological

components can include therapeutic agents such as an anti-CD3 antibody (e.g., 145.2C1 1),
an anti-CD8 antibody, liposomal dichloromethylene diphosphonate, exogenous IL-10, an
anti-B7.1 antibody, an anti-B7.2 antibody, oral insulin, exogenous TGF-§, exendin-4, an
anti-CD40L antibody, rapamycin or an anti-IL-2 antibody

[0199] The term “biological process” is used herein to mean an interaction or series of

interactions between biological components. Examples of suitable biological processes,
include, but are not limited to, activation, apoptosis or recruitment of certain cells, such as
macrophages, mucus secretion, vascular permeability, mediator production, and the like.

The term "biological process" can also include a process comprising one or more
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and the uses thereof. B. Definitions [0197] A
wo 200d/0begi cal systent can include, for exanpl ecrAR2006/009546
i ndividual cell, a collection of cells such as a cel
culture, an organ, a tissue, a nulti-cellular organism
such as an individual human patient, a subset of cells
of a nulti-cellular organism or a popul ation of
mul ti-cellular organi sns f R cellular
therapatiaciEPBoh CHUTGENE oL AL o R G et DG ety

medigiq?.lt %Q&F@iblo?/c%i IR BE o h6 Biolopidali gecessaan b amfpreaced for example,
AL

I-t1ssue system such as the nervous St emy... Lpe
by atlysst ene other iatogicel varirbld @rth%?/’@f al P@f@%%fﬁgetbéélggwl

bi ol ogical c ent_ tion of a
meclb%ﬂbﬁ%g’ﬂ&gh‘ n%e@gfogﬁ]e Sé‘?c ﬁ%e%g?%ﬁﬁ%egs%ent that is art
[020@1< ThRkhOafhetay 3¢ esvd harein toaheries vales thé&%h?ﬁf}c&ﬂzﬁgt e

extra

cellular constituent, a cell ul ' 3clud
intemefiomebabebmiNRNOTGOME LIUBBHR! OB o K Pt @ﬁtﬁ‘ﬁgﬁ& du_ ©
anpl.es | }a OOt Glak of BeIRORRAtisacroptaiesier, dendritic
afﬁngétcggftgnﬁ%’g%’“’l%?dm ?‘gﬂéaqt{gf,e’ met abol i t es, DNA, RNA,
cellP b phRulaptissuace and intracellular receptors,

. Lipid nolecul ,. - logical
[OZQ?-EQ/%E; ‘@r@:“gé@gbg(g{ g%: }l{%eaﬁvé Iér} IPG ers ftcf gﬁ%}ﬁ% ﬁla@éﬁﬁﬁ&ér_lzes a biologica

_ _ osphol i pi d), ,
com] I%é%ﬁg gs?targpl%k bBvarib8aRscludd 56 tesl, nundret bHRseld, thenumber of active

organs, subcel |l ul ar, or el l es, chem calk:

or ifisei0é inseropbages dAndghe ponsentiation ol 8y i su ,SO@%@HI‘&“S

as, conpipations or ESeRbREeNE. ©f MHEGless I,
(e.gt,mdgﬁ:ll‘gﬂ’dfl e 81 R%&lﬁg el?.eh?ﬁf addi ti on, %ei&gl ogi call
Fas):orrponents can i nclude therapeutic agents such as an

anti-CD3 antibody (e.g.,.145.2Cl 1), an oGR8y £
(0262t i wanr‘nbm@m&i(’ isseh PerenhiorRndhe v ﬁg{shghonartreen,cz Oha )

EX00enpus, 1 b n lyiddeidal MRS debed ¥harae relative B7&agh other, the
senﬁﬁ?%8g§¥fca£b§%gﬁs%§u%|§%%rbclexogglené)%t;“; eTGF-b, exendi D el activit
pheABlyipe 6136 Ghdeabéshelygesr Spampesiswrepentef aplepofype 5 the fever 0140 Y

of eisbion RGBS, 2K GBI IBR BTy pREFEF e ad PudleeSpecifcd

exP%%h%Bﬁgt%@?%%ﬁ&lﬁm@gl cal conponents. Exanpl es

su ogl cal processes, include, ,bu I

[0203]1t te @11érm|t}|11m01ah\itm::1]ildm forgpapplesihs skie ?fgad“rlﬂfi’tv f’(’g]f’ Qﬂz)r;gan, 2
_certain cells, such as. , SRModt hah s
tisspe e i RSB PTG B e nocfiF o BRZIOEt hipgnode
dishlo$G1 hoT B8 @B sringlsOTihe &drmptanieal’ bs used haredw ircidet marapals,

process conprising one or npretherapeuti. :
sudtpimn e fheoonscrale] BTG B IR SEUGEE yarie! fribe system
a cellul ar nmedj r ' JaGigh, Medantibbdy lefels,he
aSBi"‘gﬁoLegia%E’teasﬁl %dc&é)log%gﬂ%gseibdﬁ? Fﬁ?ﬁced’, for ex?nﬁl e, bY. < Th
inig&nﬁ%ﬁi/re%ﬁﬁtcﬁy sdidsordbodds, oa inflammatplydegatoppoctl populations. 14e
I ol ogical process by somne .bi ol ogi cal | biedhti
condEcnsintnid v SEVPRIENE G TV ER L P ey Tp a1, Ur U b lions

present in a patient type.

[0204] The term “disease state™ is used herein to mean a phenotype where one or more
biological processes are related to the cause or the clinical signs of the disease. For
example, a disease state can be the state of a diseased cell, a diseased organ, a diseased
tissue, or a diseased multi-cellular organism. A diseased multi-cellular organism can be, for
example, a NOD mouse or an individual human patient. A diseased state can also include,

for example, a defective enzyme Or the overproduction of an immune mediator.
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[0200] The term "paraneter" is used herein to nean a

val ue that characterizes the interaction between two
wonroosmwes4bi ol ogi cal conponents. Exanpl es of param@isenns/ 009546

include affinity constants, K, Kcat, half life, or

net flux of cells, such macrophages or dendritic

cells, into particular tissues. [0201] The term

[020§ L@’?é?%“ as ed, Egll ] er&grtrgg%‘%g]%;]ﬁ] .yl uelet hagl]talytlcal

inty@htiGbdbRSmbitedleal tnhﬂel Cﬂ(ﬂ|ex£lﬂpiée§mﬂiatf5n%ﬁh hfean tieumerical
nunmber of active or inactive macroph eg"@p and the
mt%ﬁfé@h@ﬁta@ msthegpatigalraerieh pbihe phprtyresdalised by an waentienosush as
, IFN-g, insulin, or ROS/RNS) or cel
f%%@e nDIecuIes (e.g., MAC class |, Fas). [0202] The
[0206] mThkeerat Shelbgics] dhamdichisticiinuted heegn td rederrte autait, @dality, or
the o ?cur rence of a ser.l s of %I ol ogi cal pr ocesses
bropfidy B SPBICEar PhroBEeohs TNGHEE Ui o kpmaadolozica
chRh&t&ristick BEa BQI%@QW BiReAb §l‘atel'iﬁaﬁ58 El‘f*‘rﬁcﬁ @%ﬂg Grd diafrostic cr1 eria
measur enent “of a phenotype is the |level” of actlvity o
assaauatedtvhdsthe ;daﬂeasve t’l‘éaueb;lolagtdalcﬁlaﬂamhsiglscoé la bmlogledssgstemt can be

a nder specified ex
e b Pialo G SRt 86 BBy Shupbte Somples of
bidld}i¢dl @RaraétefistRs askRtediviieh iypka (ﬁibeﬁﬁ stafdin¥hueéldut 6RI ot limited
an organ, a tissue, and/or a multi-cellular organlsn1
to, eregaHPEAR!s 08 anmng pelk proufations desulitie, betrreallaneissiodineeroduction,
an{éFSthHES%W%Ec&Rhﬁgﬁ The term "ani mal " as used
rern~inc es manma such as humans. A phenotype
[020ah dhs memrftdoudmterbeﬁdable nieliurh? i¥ivdsedlhérein tbéhdvdeoanyahedium
the s as neasured by bl ood gl ucose

whichis g%ﬂﬁﬁ;&m ?pnwglggﬂql%@ $EAUERSS] cg instructions for performing the
metHdlds ABIRHEA Mél%ﬁlgiﬁld%taﬁ 'iﬁéhm%d?ﬁ%f lif [n?c\é& k3 opﬂ%_aﬁ and/or magnetic
inflammatory/regul atory cell populati ons e
storagn dievicemanddefdiske dandycarriqp h\avesggpelsc an be inposed
experinmental ly, or can be conditions present in a
patient type. [0204] The term "di sease state" is used
herein to mean a phenotype where one or nore
bi olCpgvietods wmsaaﬁmgn\qoaab ot 'BYpd PDiAweteauUse or the
clinical signs of the disease. For exanple, a disease
[0298ht & eoampuser megdel sapbedesigngd i medel e o Mmore hiokgesh pragesses or
£35S
FurOL T SRR Bl AR € SRR ot il beins by
defiring e gempilesct af Bbbyiomusdicativeat alh‘imlbgllcﬁllmhdimuﬁm] g.a dlsease The
atient. A diseased state can al so incl

ude, for
behayiorsprg thep yped ag ponslraig ¢ gystgm andyy é?tpﬂ(}éla%‘? Fehsygiems are
de@%ﬁemﬂﬁiﬂmﬁb atRNelePPRldelifg t(ﬁ:Fa'i'i‘ ol @Wu@lboéved @behavior such

useéd herein to nean the nunerical or ana
as bema eg)l dastrueticof indypeak diebeted, thedl spavifie meckarisrex tndptiag the behavior

are ¢alh bé* rtnlo Hed 'l %z'i‘el&ﬂg aggtn%rsugsystems which can themselves be

deconstructed and modeled in detail. The control and context of these subsystems is,
therefore, already defined by the behaviors that characterize the dynamics of the system as a
whole. The deconstruction process continues modeling more and more biology, from the
top down, until there is enough detail to replicate a given biological behavior. Specifically,
the model is capable of modeling biological processes that can be manipulated by a drug or

other therapeutic agent.
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integration of the mathematical nodel of the phenotype
defined by an equation, such as [0206] The term
woOhbwloogi4eal characteristic" is used herein toPCefUS2006/009546
atrait, quality, or property of a particular
phenot ype of a biol ogical system For exanple,
bi ol ogi cal characteristics of a particul ar di sease
[0209t eAh odruider efltheiinetiods igedgo dentleh egmpgen modals oftypeal diabetes

. .associ at with, the disease he. hi al,oqi.cal . .

is Enri B o416 Mmediogh Brugle R s esge or more biologica

prd@% Y5 LB NS with DpRIRELS Bimpaiddehe Sne BRdrEsiBlogical processes
and/ or processes. Suitabl'e exanpl es of biol ogical )

assobiated otithr orst drasora Psisletsa T iduntificationygfdidogicaltne¢asses associated
.state include, hut are not Jjmted to, nmeasurements of

Wil DI S0Pt et isl P e BlorHet Y fargaging o the

' HBhh@hs R Afly PhrasHEheBbdfC CpRioRAINE BY thathb@Bsn also
nu%%gg%fﬁ%%%gge n1"cgnp3?%?-readable g&?ﬁunﬁpis used o

cotprigs the step iofi identiyizggnanardielngihli nrecasses @agpainted with gut and/or gut

Stori or .encodi a en ] ' .
S e TR
représehtitieeach idenfified bidlbdied ptaresso MhiedAdlogicdl @ocasegah be
storage devi ces and/or disks, and carrler,Mﬁve ) )
mathegresically Eprevertpd insanyrofpaipEry L RpnveEe lypisally, e biplogical

i ab e any b [
progofiaf O R a b AR TRAP e BT 0P o 5 URREOAl Below. The
repFésenaaomidftiolopitel processésestauiadied wigh agascrédtizpyohphmode and with

approach that begins by.defining a.general. set
ong BhRORRRECTEAtS SIS (6 R ipeg DROBIEt BOHAYEGipdal of vag 1
didBbR€aGe nldiBoRGHAYfiPther REBAE NRMNtdPS O i REti SIS hdPinBhematically
the systemand a 'set of nested subsystens are )
replesestingent eronokefticlegichlepraessses lasspeiatas wilin getrang{os gut associated
1 d@% a(ijh.. For exanple, given a behavior such as beta
YRRAPA He¥€r uction in type 1 diabetes, the specific
[0 hFNGS PR LisRES b SxéhSlalediavih &ty Diagragoibbt ltksimsthil@delating to

inturn, yielding a set of subsystenms, which can =~
bialpginel @racssses aswettndsvithpansepatin lymrfradss iFlgtsded ather biplegical

ntr a (o} . 4 t ' ,
cof il o0 RIS Rl HLASE BYRYG RS, il eCete,
prébrelivnes seferitiof st elates as gihcdse coifinel, aeeenglified by ptasma

process conti nues nodel i 9 nor e and nor e, bi_ ol ot%g, from
glycRee ¢geRBNenS-urq PHRE D IgES wawaata%af@st autoimmune
reafpﬁﬂée' t&%’eﬁng‘b&h VeI ldqhagby %lluc&% RBM#rSIF -thePifetdatie Mrhph node and

e node s capabl e of npdeling biological processes )
the peaicreatia isbets. nBanhmflthese doippartmelrts ip dymanidadly respensipeiorqhanges in

agent . [ 0209 vervi ew of. .t he nmethods used to
the_d%\)’érloﬂ%‘e 'cﬂ?]ﬁlgfﬁ‘gpgff?(?é}@e vastulp)e/ e 1 diabetes is
[0211] USh har&frred itplementatidh 6 tHE iVeHS o, Y@drtifiyihy abegogicdlyprocess
identifying one or nore biological_ processes

assitrsh wittled Pabarpatis Lyanb meds ¢amnrisep HenBbiinghbiolngicah process related
to Irara?nrc?ea%'c 9}'1191%1 %S‘(ﬁe f%ﬁl?&c%e%?%referably the pancreatic lymph node leukocytes
include at least one of the group consisting of antigen presenting cells (e.g., dendritic cells,

macrophages and B lymphocytes), CD4+ T cells, CD8+ T cells, B lymphocytes, innate

regulatory T cells and NK cells. Similarly, identifying a biological process associated with
one more pancreatic islets can comprise identifying a biological process related to islet

leukocytes, islet B cells, or islet endothelium. Preferably the islet leukocytes include at least
24-
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associated with one or nore b islets. The

identification of biological processes associated with
woamroestdii c | ynph nodes or pancreatic islets caaThs2006/009546

infornmed by data relating to the netabolic system the

pancreas or any portion thereof. Optionally, the

nmet hod can al so conprise the step of |dent|fy|ng one

i cal (o] es associ at i t..an
on§ S Bk B Py teoT o EEL RS PRE o (s Sstdti Sl adiBbnages
and Baymp E&yﬁ&‘s% b AHeTrbils @D T 06l Bel%lbﬁéloy@@kc fhnate regulatory T cells
i dentified biological process. The blologlca
an(bNgc“é?é@es can be mathematically represented in any of
[0222);?[%%& I}§n9 érelggfmg{)%glc&éﬁj ?c%%énsga’r }(ﬂgtlgecflﬁﬂﬁ}? Sgﬂtext of the methods
of tﬂnelmktentmn each biblo@@l ﬁﬁﬁ:esrsl1bﬁﬁtli@ﬁiaﬁwally'rﬂ&presented For example the

resentati ons of ol ogi cal _processes associ ate
compiiFT mofiel GaR epresen ayﬁﬁhblﬁ&waémcwsmsm@ﬁeﬁr&mﬁ@@@atwal relation

ancP@El&Bﬁ@Bio%ééil o%e?sﬁ?su&ﬁdé@:‘l ; 'aﬂlau&%aw&l A énatlgr%n;atlcal

predi ctive nodels of t I abet es e nmetho
relatmmtmpaliymbhudes orreeorsh@pyanibles) dretbehyving (eagptime evolution) of

t hemati c resentin e, or _nor.e .bi oIo al . .
whiFh 585 08 strtiduted b TR TRl MBre PR Gt o heipa retations
of th¥ EBhLEr Hlod8lUfin[dRBASIntdrh&tions ambhy %ﬁﬁﬂ&sde@éh‘tﬁﬁg TRERY

Summary Di asg?r amthat |links nodules relating t

actiyiitigseyiverou lgl@éygle@nas@@@ts af ¢ hmlpglcpieecrehe@aasmell ssriptels or

al I n
w08 B ERGANE AR SLALOR 0k, SPAR SR ekl o
comf»ortehe i a@dlﬁsls,manamés s&wepﬂesent oﬁnémmnﬁlhothahﬁhebs applied to the
ph%%ﬁcose control, as exenplifjed gl ucose

SRRl Shé TaRbpH RO dSH(E) e eomBg R B legofiware code
rep?és thel (@ﬁ;ﬁﬁgﬂf lglgggsé}&?%fogésggﬁﬁhédatﬁ 3e31b gigal%ﬁﬁlo‘fle s f%nn of the

her ntro e pancreatic l'ynph'n
maﬁndlatlhd epvatome amiptoyied In&iysnclﬁdm iﬁoma‘xahiphslmmairmﬁfemnmi teguations,

.S m cal respons.ve anges
stogdiofs QAL ERe, POty baSORaE Supftus: O iprsaea sauefions,
cel Rulda0{oRiat £ SohpIBd BB @hAtRIhs OF néthR s VYol R or fuzzy loglcal

i dentifying a biol ogi cal process associated with

ﬂd@@ﬂ@réﬁtlc Iynph node conprises identifying a

0225 S8 AR5 255 SRR G R e ortnr

dlffeﬁamklapecp;aﬁonsmﬂtwﬁ)rmt I east one of the group

consi sting of antigen presenting cells (e.qg.,

dendritic cells, macrophégés/@na B | ynphocytes), CD4+
whgreegﬁF gﬁlalrtgﬁéﬁmg %gtﬁawﬁ?{iegég}ﬁ%ﬁy %ﬁ?ﬂqstﬂg?ﬁg‘?ﬁlogcﬂ variables of the
systedg rttis fipe, rx{:;/cét ipihelratgiof ahange of £.gsisaadd diuﬁérmbnai tdt ob Bystem

o eat ClSl ts can copprise identif a .. .
ParpECEL PR 1 4 BRGLioR thaleRieteniShe Syrabler SiRaedRnseqng biglogical
V@lﬂ%b%' InSone %ple‘ﬁ{e%{atl‘%ﬁ dﬂE B&fairidtrs ﬁ’é%fs&f t"i’a%}){reﬁaﬁ iltShgL

| eukocytes Include at Ieastone of e group consisting
chagrctegisticyeere. rgeastenfactogs) ae well as @x@mal dlmrah’cemstms ¢ag.l environmental

factlB SS ?%tt])a(goglcal system.

[0214] In some embodiments, the phenotype can be mathematically defined by the values

of x and p at a given time. Once a phenotype of the model is mathematically specified,

numerical integration of the above equation using a computer determines, for example, the
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and B | ynphocytes), CD4+ T cells, CD8+ T cells, B
| ynphocytes, innate regulatory T cells and NK cells.
wpQakAp9@Cce one or nore biol ogi cal processes BCE/US2006/009546
identified in the context of the nethods of the
i nvention, each biological process is mathematically
represented. For exanple, the conputer nobdel can
timeepoksion bf theftislegicidi vatiables &) mddeassthasvolgtian bf thetphenotype over
" mat hemati cal relation and a second bi ol ogi cal - process
timgsi ng a second mathenatical relation. A mathematica
[02{}8‘1 atrh@he ¥§éh&ﬁbﬁ ¥f i@ @)ﬁdlgﬁéal‘iﬁ@cegé'es Ry &n’{tﬁﬁé@t@' g%ﬁerafel ¥model of
avi or .g., tinme evolution) whi ch can

typ@ulrﬂahlmtesda Iur;odtelme pregrpisicer ofitppte] dlaw:r:% Oparrqu@hbﬁa hgn-insulin
I f th
e R T A e

deRFfibad tibVdxahfple, tf UVRPaMENBS. & 631 153 and GIROSIVE 8} éntﬁfedt“merarchlcal
blologdcal system as wel | as level s or activities

Biglegipilidodding Systeag@ﬂéﬁaﬂﬂe ébSe%aémté‘{q ér?é"f&Plt‘ﬂ?élﬂed “System and
Me\ﬁ‘laord £ §1rgulghr?gqb§gijat18r9 E@I?Q%H%rﬁlc?]h%{s i g@ Pa’eéfl{ Ng % §%0,154,

can represen rous e app

entithed ‘@b&‘@tﬁérdﬁiBMysﬁem tedMelHods Iff&ﬂhﬁimhumaStom:géeMoﬁl):hmg and
the conputer execut abl e software code represent
e

Slrﬁ‘}lﬁ%‘i’ﬁ Gorpleg iSyaiPmp gL LApdeie 4 PSR 38 Snd Space”
U &1k R0 089,000/ HISTROAETAL LERL o B B78 Dynamic
“enpl oye

may 1 nclu for exanple par |aI dlfferentla
Sireejation beslel tiliwihgdioie antl LinkrRaprésantagonstis Udh atent No. 6,069,629,

en @l RpRed Sty ok Aol AiPhie A st R cmatrign oder

U.9fpaiéh W B%)79f73§3%1ﬁ@d1“& MétHEEZ ¥ MagAgad OB_%EMHEBara%&er Values
[0213] In sone enbodi nents, the mathenati cal uati ons

Assaeiated Withhthe ﬁabms Withingg ﬂimiaalt}onch/lpd@ A5 Batepiuetd. 5319347,
entétieéi n@ﬁ?’c{é\ c&g ?i%n X ngt%]blsgﬁg PNrI :[?;Fx Va?@lﬁ%}lé’tgo Iﬁ%{l{ﬁﬁﬁ%lng Node

and VikeR@présehtatibnsTEU. Sﬂﬁﬁhcatﬁontlhtbhbaicﬁa 6. 20020082068, entifled
is an M dinensional set of system arameters and/i s

“Meostang ARPHERUS BpF eadirtiae Liked SpplsRon piperaions Dabzing a”
Co Rg-BYsed ggér tGRAMIRD: ahd BET JuBLEARN WR) @%@t tRted *A8Method

rameters e used to represent intrins
of Mmtanngi\/ahies esth{rea gmulgmrﬂt/fndelf actors) as wel | as

(058 & e an s rn Byt hompossitlythp b AN BHDE s er Hodes
de&ﬁ%edf’ﬁ@r@ﬂlt RE eﬁzﬁﬂpl@ Gh8 BRI bt Rlclude %@ﬁér&ﬁ% @Mnﬁﬂl‘e&ed tfnologlcal

values of x andp at a given time. Once a phenotype
charh@emthsqosatedawﬁb iepci Icdinbepessip @iafiineal, andupempiasiag the simulated

blo&%&l‘g"ﬁ ﬁﬁ%{lggtgﬂ thcrwhlig%%?%s%oﬁ u gt e:éregce ?)ggcn %}@%({%%{Stlc measured
in Hhe&ned ot dlseasad aailla®STHE fe)sulﬁﬂﬂthibedb@@ahb@l BV@mbihaionofith known

t he phenotype over
dynamic constraints may confirm some part of the model, or may point the user to a change

(D
<—>

of a mathematical relationship within the model, which improves the overall fidelity of the
model. Methods for validating the various models described herein are taught in U.S.
Patent Publication 2002-0193979, entitled “Apparatus And Method For Validating A
Computer Model, and in U.S. Patent No. 6,862,561, entitled “Method and Apparatus for

Computer Modeling a Joint”, the disclosures of which are incorporated herein by reference.
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time. [0215] The representation of the biol ogical

processes are conbined to generate a nodel of type 1
wdizeds@bess a nodel of progression of type 1 di ROBIUSS006/009546

or a nodel of a non-insulin replacenent treatnent of

di abetes. Ceneration of nodels of biological systens

are described, for exanple, in U S Patent Nos.

102377 O ¥pRfion P AR AP ouE ok iflenelly AT & B o
unddastaidifg 4f 898 | deabletek pettio Sénesit emtheNODEBh6RE. Myde] development

Sinul atin ration of Biochem cal Systens'; U.S. )
thepfpie {poissd 0%)33%% AUiimPf and tleanece ps 5Y @gradgted aephanisms
S 0 o) .
ancgﬁl@erlb@{tﬁﬂg. T? 9{‘0\)1&4{ f3F B&ier Al 'i‘mﬁh%?%%ﬁ:; fgg%@n&%%o? Bﬁilly Jprogression

I mul ati on of “Conpl ex Syst ens scre
to dialgten; theatevelopmefi effortindudphicptesentatfon ddceatl NOD mouse
6,051 029, . entitled "Method of nerating a D spl.ay.
LR R CPREP P PP REICHS TSR SHH NUE® 2o Virel mouse
exHRBIESRMHBHsAO sl 2d FRIEIBPS didBetefatR6RcdR% b&Rbid twifve and

"Method of Providing Access to bject Paraneters
thinpy-fifve iwegk sphageaf vaireated d dlypically, 3. silalation ofithe a§¢@28 yirg®@] mouse

' " . of. nagi j ect nd, Par.anet er .
corffdeb ity bR 2 BRI TRt PRI R spprifice of
NOWgeée'in the Bbofdedren ThiYwirtal bddsS4ldo rdi}%bieﬂ'tl@éja\}él\@egih@n&?pe for

neratin Di splay For a Dynam c Sinul ati on Model

female NOR H@gqﬁgaféﬂra&rﬁsw ikabrisp etihe selpay exhibiting a high incidence
AN AL S onn. . o
SR UL G g AN L g e

clindped babavoors at/ot izdenlying padmphysoloBies.dovSykt doerdvpsahetated.
od of

.and, P ubl i cation WO.99/ 27443, entjtled "A Mt
singfitsy g velepeet QEwORRE A (P4 T iahelos i OlbeRBBIAaLs, ppelh iumans,
can HAEluABHRARGel6AMeAU Tt BE6uCRIRAL a8 eltB PSR normal animals or
val i dating the conputer nodels described herein. For

anigelsrhaving vendngrdegroesoisaverityof pogreggoe phitypag diabetes.
R T
heteiogtteityeOnd coti g bgRbt ki detefdefiéitytis\thd fimAltaneous presence of islets

corresponding reference biological characteristic _

at dierenty ages in thekiients Pregest (b aremiilrmtion) minfmel inddtionogxtensive
. s C . L . o ) . .
ol AL T R0y ORI KA fporon
treghoemtofttyye Lidiabetty) tiee mbdod gieclufedahempraembti@adf distinct distributed

., relationship.within the nodel, which inproves the_.
siteg et o101 IWHDIT g PBRredhahsaa Aem BTG R dosterviafinyejvement
ledkByt¥ Mifi1BHEoITRABE the SEHEE bOGSAE hRIsRsBbA (FRY %g.t LIRS
( Pat }étnt Publ ? cati on62002- 0193979? gﬁﬁslglt ﬁédﬁ}‘ par at us
[020%1d A shaown FOFIG/A| indeet distinchdiShitptrdesited/betwime ianal vedover the
cou%ﬁ%&di%%{enﬁrggl\r%ssigﬂ, %gg at5p6a%tidu1§q}nlletsl (g.%., 1%{9\;5&%9 o? art]gde), some sites
may be characterized by heavy infiltration, while others are yet uninvolved. The relative
contributions from each site are combined to yield the average infiltrate across the total
pancreas.

[0220] Because diabetes is typically assessed by measuring blood or urinary glucose,
blood glucose levels were represented in the model’s clinical read-out. Hyperglycemia (a

diabetes indicator) was defined as a glucose level in excess of a commonly used standard
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Comput er Modeling a Joint", the disclosures of which

are incorporated herein by reference.[0217] One
wappleioogitsi on of a NOD nouse type 1 di abet es no#e/USS006/009546

i nprove understandi ng of type 1 di abetes pathogenesis

in the NOD nouse. Mdel devel opnent therefore focused

on islet b cell autoimunity and toI erance, as well as

BR8] RSN g Y et

reltonehipldes@bing ineeraleions B&WEEH bl@f)d ﬁ{shhh afd glﬂleﬂse concentrations.
resentation of several nmouse phenotypes. The

lﬂ%ﬁlfsﬁeﬁ@ﬁ'@ﬂ StoryEntiRns t@%@thméheaﬁ@ﬂn%%ﬁ Vereisorrgpgesaniigs elhese
intgxﬂgﬁ é)\é’\'s/ gxfeg%éseg}w %@%bgétg a? 'v%lgdr%éecél@ n@‘i%s%ﬁfaﬁbh 8¥ Hlﬁﬁéﬂ% %eltlgo genesis
in theINOY {rﬁou\se, and ékcludef 1nmgvaant16nmairtetgeemvefﬁj{ ﬂlffmd:ﬂty)ath&/ays of the
simul ati.on of the avera se congcl ude
disggy g, B et égtogmaé & gost et @ofechier o et
]IWilItthn@Oa%Id ﬂhg&?f)ﬂe%rﬁlﬁg lebff (&FC%opNgao gkce in the
abor at or his virtual nouse also reflected the
[0222Fr élgthepmanme@ penditien, thawmicmghiddbriic wirtuahimopseoyasasguited to
i nci dence

et 855 T i By SRR b E e S D O T iy o

highiifididétce >60%) Bdikbetdst Thdid helu@ (i) aldmhicabs BEhAN GHsét, (ii)
and/ or underlyi ng pat hoguéy ol ogi es, have al so been

dygpapiey @ﬁl@@creswdmh RodedRIN) babeeytsfctiviion and expapsiongand (iii)
dyx?anﬂ@?&ﬁﬁe{ﬂlﬁ% gr manmal s, such as humans, can include

he deve opnent of various virtual patients

[0228Dpr Padoperegisodtypel1 diaberes is NOD aficeredisbdéharaeterizad Yy ageries of

. deqgr ees of seyerity_ or, ression of type 1 djapetes.
disfing pxpnts i abied chkpeind e 1 &nsf@algésq%@ﬁ@%%ﬁmw generation
of &H@&@é&ﬁ% Tqﬁg g?éét(@ﬁédkx)glnP 8). N9l BOLLR! 2l %@gqul%ﬁé’-reactlve T

One critica I's heterogenéity 1's
lyngphooytesabemns ap)tleste@ tethefpangtaicd ymph doﬂeﬁse(Chnd;kmimge)s Tn

edlsease 0 no infiltrati
tymtpeyeS B2 g RS P et ot Ret G iea g e e Tl amtgen-
pred@fingeeils 1Y) theh Ondr®Elohal eRpAdIoAt EMts dﬁl%ﬁﬁ%&ﬁr@ﬁt sHcaRase
progression and treatnment of type 1 abetes, the
approialately by e olireetiucaks pf escandarayohe driveniis ppri &Y developmental
ren?%d%{lflé ggﬁ%&{ﬁé Sog{dlgVeag}?rgllarﬁ%l ré%gl;aggﬁ 'Bk ?nﬁ%% &f%é‘ééﬁ{nﬁg Sells. T
Iynfpleide Pyinting atls tdmmﬂﬁ:) om? eymlbl’ﬁﬁy&@ uhé ethef 1rﬂmaﬁmay cells into
roreSS|on (FIG S%Ir shown in FIG
theagerenat aap@txrmﬁalt.‘/é e§it &J% @’@6‘1%%01“] W&Cb%céfpe%ﬂb)t s influx
1n1fzaqw&§at&f a gér?ﬁg tﬁ’veoi ﬁﬁﬁ' ﬁmvhlé'ﬁ] ﬁleQBﬂmrnta{oﬁz&' | Hitritk TG mulates
e.’g., 10 weeks age sone sites nmay
in aifdearawatdethe isws,ﬂnyat ticm\npt Fewtlt irt deatatabre nmm ¢esH logshexissomredime after

et un|n olved. The relative co i butions from eac
PRI RONE Qb8 Iy IO EoLs RS PR HrVARDE I the islets,

and® ﬁa%sstdir@ defit @écoa?éa %t%@ﬁble[(@ﬁsﬁ&goﬁﬁ ORUBKis ¢bREL ®Strbtion
typically assesse 1y measurin or urinary
evagiualydeads to a loss of insulin secretion and glucose control, leading to hyperglycemia

usually after twelve weeks of age. The diabetic virtual mouse reproduces this general
pattern of disease progression.

[0224] Accordingly, one aspect of the invention provides methods of developing
computer models of the progression of type 1 diabetes, the methods comprising: identifying

one or more biological processes associated with development of each of at least two
28-
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bl ood gl ucose | evels were represented in the nodel's
clinical read-out. Hyperglycem a (a di abetes

wonadicmataas) was defined as a glucose |evel in BRTAS006009546
a commonly used standard(e.g., 200, 250, 300, 350
ng/dl). G ucose control was regul ated based on a
mat hemati cal rel ationship describing i nteractions

t ween, bl d sulln and uc.os conce rations.. .
cortRleled Som iR drh A S SRR R X del b ignautoreactive
T déﬁ"pﬁnﬁh AnduBiBE 88E o]y ddh@i8 SmbREREN G/ O SsMBhE chflological

to call rate or validate the representation of

progesside erergia ohe gemerd wpiesentationsioba kinlegical prercphassegieted with each

of fh,?t f Ie\éﬁg&ro %Qﬁdl{lgr?st 8{1@%&%9 il ?é rc%' %ta% gﬁcﬁég\é@ﬁﬁocesses to

I Sease, or e

forirevmibdel cﬁ'@ﬁdgréﬁslio&tdfltypermdhel@&lbse srheﬂn@dadl lcalpmalﬂdatalreprssentation of
and antigen presenting cell (APC) popul ations, [0222]
the| St @XiBRAGCERIOBEFSEOM T HARSHION Jim 401 Ph s RdEiqne:

[OZ‘g'SLt 4Rk 78 lé%ge \ﬁ?ﬁe\feﬁgﬁﬂé £ebrhSutebi tof gﬁqt diffetes 1ncluded an

ehaviors that are representative o
extem\swmltemuwecsf the ptibla lttelgture regadiang the @}s@ﬁ)%andﬁtsdmdﬁéymg biology.
cs of |abetes 0

Thlay ml'eﬁg%‘?gsp%%é F%g%/ifw?mp?/ SH9RE R H’@ ety mgﬂ% msle% fé based on

colf oA ARIGBAAREE! (B L MG hort obE Ao PODT ite. The
strati€yy focesed oarthddevelpnzat ef 4 ewrd ithynuaclegy nwslebthativewld megroduce

| ts (FIG ly . .
nad B B PR OGP S L% h 0P R oE P shpsts n the
NOLY FRASE Y simaibe ﬁk@%ﬂéﬂ fin thINGD sk YyROBdiab&i8SRodel could

nave auto-reactive Iynphocytes becone activated in

then fhe tigaslaied sa develaprphimaiepe { dirbetepanadel. 1 a) . T
[02'2141Tp ¥ﬁ%§u e?taﬁ 4 invc%ﬁlgtguc]t%g‘ﬂ{; Smgddl 1?31?&1 (?)tldgﬁ]utfﬁfatlon of the

oan €SSl1 Ona I genpresen

biotudcal hﬁﬂs amblleahgoloﬁé thntedre expatdt typd hidsabetes phihg g@neeu@ tin the
Qccurs at @ﬁprOX|nately two to three weeks of_ age. and

Nq%gnoyge, dn) devglopmepbetthe NI ovsh v d slabetssarrde! ﬁtgi injegration of
an X ?Vgeg%_@ 0P ReRE Sk gﬁl%rglk())/ Hafl AR ¥19 conteict of discase

presenting ce ocyte pri
paﬂlmgemﬂsw,r(ﬁi) ubeveldbpmentyofstiontyfiemsizghts abbinehe distdse mtmntuﬁe@ through the

| s |n 0 the (o] 8 r ox ) hr ee
dexzTRpre B TN (B R Roe b Frfidbetetimiggiel and (v)
detblﬁhhlhht?dri Of ot Rle® 3ikal Y10 BudlRSINE Addv@pidiptthdsldiS insights gained
which the inflammtory infiltrate accunulates in and

threughuthe NOH nmiogbetype 1 isigbeths azodebto hrvmean! typé h dipdetss patisngs.

e e M)A

virfual NO® ﬂnSﬁS%téihlbalﬂd charétridtiRSfsulitis An@ ﬂé&&oﬂéﬁ@ﬁdﬁe‘c‘es between twelve
det ect.abl e (Checkpoint 2). This cel]lular destruction

andelarfit-tine pyekiseiage tfdmareﬁfsé,sa tyne fimgithat is eensistand witkrgporatory
R e e T
Ovem]ly thd mowlsl tslebssigjemearidi the existing data on PLN leukocyte expansmn for all
leukocytes represented, and with leukocytic infiltration of the islets (data not shown). Islet
leukocytic infiltration reflects the combined contributions from the distinct distributed sites
(islet bins) throughout disease progression.

[0228] In a preferred embodiment of the invention, the methods of developing a computer

model includes representing and integrating professional antigen-presenting cells
-20.
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pattern of disease progression. [0224] Accordingly,

one aspect of the invention provides nethods of
wdevwlogismg conput er nodel s of the progressi onPOT/USYP6/009546

1 di abetes, the nethods conprising: identifying one or

nor e bi ol ogi cal processes associated with devel opnent

of each of at |east twoconditions selected fromthe

ro consi st i ng,,0f toreactiv cel | ti
mtiffest Erodind SuF B dRET M oTEaic BFls ARl ED4S andtos T
lynipHeey@l UE@BipancromicSABh hedds|ayid i e e TRENe 0BT tRRE Are thought to be
~ biol ogc;;cal_ process to generate one or nore
impestang s iheinitintion 6nd Arogrespiegioé te ayfdpaymeseponseapeell as for the
' C t . le . By :
b SRS L e liche ol 8 16000 BB M, e somputc
moldel daarsimelatendethindehpriag nasisgans tofn vippcbehadoabiichelinglthe uptake
nodel can incjJude a repre entatiéﬁr; of . t he aqnset,

of gyzerisaatise) Byymagepeey depduficeelisondrB bmehesyiss, kg
SO uL REDbsTas il 398K KGR AReiaion
exmansiensaoqeisition ofdiabbtogbmic plfbétocadtivityr the dyeamiegjaf atitiggn presenting

isease and iLs underlying biolo Thi s .
cel} (R} ERIRE B Hom B RS taad PREHE 10 8085 pkpanrcatc
infirARSL BSintReie] gell¢hi ch is based on b cell autoi munity

and tol'erance in type 1 diabetic non-obese diabetic

[02280DPetloping Bromputes mragle] obiyne & diabates ken Hether egmitine refresenting
. core. | I e). . C .

o L8 YA BRSPS AT Uk o

repikksehigieislep 8ichidg amadi toth suppheallicddtigen asd sdrid ay thatdrget of the

devel oped fromthe NOD nouse type 1 ghﬁbetes nodel, )

autewpEne Mtk d he modsl epadsorsprgant fasgole o aptigen prgeeniing cells in

. . r . . . .

imShA0F S5 LS R SO AEER D il

int6 te fainoleagiand howmadtplancinbmbavll tipes tarpinteaact withpodtdesiroy f cells.

to type 1 dj abetes pat hogenesi.s in.the se;, (ij).
Reprgoun B tho ploph BuREts UCaTion e ol A5enage ny durclelved
inshh, 886 AHEOCH QhefiR8ntsNONb @I BenRfallHl SRAFSinIE o? §Bnulating 8 cell
into a coherent and unifying context of disease

destactioy ate@sessnt, tlieiintegudior job heesperniits goiiritiel snplatips pHlisease
1,Oabeosul the disease identified through the devel opnent
PIOSS3RY: r esear ch usi ng the NOD nouse type 1 di abetes

[0230f el céffin (thprmEbrss détdPingdd cempitermedl of ityfel Iydibieetes can
successfully and rapidly, trans] ate | nsights gai ned
further sgprisevePIEmting gadothglind adhegionyaeleeul g aniiangie rghlatory T

cel} Yfchich! (PELS? e e Selld BEAe ety FHERRalory cclls into the
panbirédsearidcsovier fotiaitiaNGErapeutis hexdiabidteid echuryteetrnelothetinlocell

. insulitis and devel oped djabetes  betwee wel ve and
intgRF . (5 QOME RS TGE O §PEACDSIESE & QesthsY oh Hifgte rogulatory
T deh@t Theése %Qliksfnh gl aldduitd tlhe kRO OF &kOLsY pfc%?&!si%n'i@atﬁhﬂ PathBgenesis,

a colony wth reasonably high diabetes incidence
limft1808tessHorGn 18jistant phenotypes, and mediate the efficacy of some therapeutics.

When diabetogenic and regulatory elements within the model scope were included,
integration of these modules resulted in a full representation of natural disease progression
in the average diabetic animal, including explicit representation of the timing and magnitude

of key events in disease progression and reproduction of the diabetic phenotype.
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Overall, the nodel is consistent with the existing

data on PLN | eukocyte expansion, for all |eukocytes
woepiegoent ed, and with | eukocytic infiltrati onPof/usSkme/009546

islets (data not shown). Islet |eukocytic infiltration

reflects the conbined contributions fromthe distinct

distributed sites (islet bins) throughout disease

rogression. 022 In.a ef erred enmbadi nent of t.he.
10300 S e aloB e oo e nGR S ot i line the
mddBE | i RRahFR! &3BRiIoADf 8 NOD MREE &fpeNAdiRbHRSAP B8R include
anti gen-presenting cell s(nmacrophages, dendritic cells

repagrenBlipy aHkasenpt disgase RFogEeskios as diell acBrpronriete CEyRenses to selected

RSl S DD RS RO BP0k e i

proghdskioatfbnthe anetags digbaikhenotope, tak ovetluk theapprspria@SREImess to

. as well as for the effector stage of b cell

interventiqns: s dition) pihe Yigual priss repressnting diffseabphgsatives (e.g., early
sl myl [ i QI :

el ATR0 i el 20y B SRt RPN S papsilo

camobe exalgénous anti gen by macrophages, dendritic cells,

[02%%3 +%yt¥e§§%ﬁ%%a§p%§gt o%ﬂ{g%&egllag%gsf %ﬁ%{g&géxggst%; a%speglth of rodent
1m£11'uf161%?§ BhtaaUhRRuARElyCHRABSHIPHE mBRAHiSdaké 8 Mimunology data makes
di abetogenic effector activity, the dynam cs of

pregivtingdumaneespansendp thebd sameRepiments higbki ynyeftaiomloraddress these

chfiRREES R To s ST et AP A 55300 R oBRRIHR B Spresentation
and DivBstigatioNBiBhe Afdidbens idnainalogy aad patofdnetib as manifaddsia the

representinguﬁnd i ntegrating antjgen_generation,
NQD sayee, dad (Frepicssntationdnd iesiigation of baman fyped dabptes

o I S b . .
O H7 o ERAESALLD G LSl gpcth its Bkt bl o
huabh ackditidhe nodel can al so represent the rol e of
igen presenting cells jn_imune primn and . .

103 | SosadtoB e Brs{ Prapivoes) NOPLEPEcabs hdiabeies Fageh i intograte
and Bxpallfl thd EufehPiind Bk didpeo MARKT£3 $avolid 1A BelubtdiBhfinity and

I mune cell types can interact 'wth and destroy /
tolergh¢esintoRbp meifed cantesioidypea hdiabéteppathdgenesiein the NOD mouse. The

concentration j i S requl at by /.3 cel.l,.-derived. .
defafieth =B b SOD madiseritL fERteTthoa o Ut Sl entfie insights
int& kﬁéﬂrui%étéﬂwﬁdgeﬁesm ks ﬁfbl_lfué Alcbi@ndad&dns f&@@éﬁ@%ﬁt@hvalidation

are present, the |nte%fat|on of these permts an

of thape ingightss min ieregsedomdanstradivng of Pallipaenssisin thed9@Bmeuse is
ex 14 Rl pTEAIERL A RS P EOBLAL B o
rodenthabbellinh dbvelehirg homambamehss and an i nnate

regulatory T cell populatio i Tregs) ... Endot hel i al .
[Ozéé?l Q%F Sefind campraent E?Wscﬁnr}?“%‘?a}natﬁﬂ’&i éi%?e@él g4 tﬁ? goalis to
o ARISARIE 000 SQURLERFObY A UK SPUINOD KR o s
the human disease. The ability to apply the understanding gained through development of

the NOD mouse type 1 diabetes model to represent the human disease in a manner
consistent with its clinical manifestations has significant potential for human type 1 diabetes
research, where pathogenesis is poorly understood and difficult to study. A human type 1

diabetes model could be used to assist in (i) the identification of mechanisms underlying
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i nteractions. One hypot hesized driver of type 1

di abetes is a deficiency in innate regulatory T cells.
wohes®oeah| s may nodul ate the rate of di sease PCT/US2006/009546

progression in natural pathogenesis, |limt progression

in resistant phenotypes, and nedi ate the efficacy of

sone therapeutics. Wen di abetogenic and regul atory

I t.S:w thin.the nodel sc i pcl uded . .

hull%ralﬁ :elaltc}lﬁeaeosfpa{}hogg%es%ﬁglt %8"5)@%0\@5?‘{621&0{] 1oV, Pﬁ-ﬁfqpeutlc strategies,
and @y e enitial predicién oftiumial reslioae®MAvEDS RESQ IR tHerdphs.

aver age diahbetic ani mal, including eﬁgl icit

[0238br ¢ thei kawarhumes biolagyis fawes wediHet fiere thy N&)mouse, the
At ot _ ! N
pa%?hg et% f‘llc‘;l QSp%le&; g?‘%‘g%ﬁ[% g‘%‘%ﬁ‘ij %3 é o p?(?leg Q%Iggy ﬁrrlé)lggf%d% répqgsent the

humelal biol agyalTh wddition,csinerhiusmn clihicblr taibisrogranshly alebsiré fREng or mixed
t nodel . For, exanpl e, .caljQration, of a NOD nouse
meﬁ{jﬁﬁeﬁﬁ% lopde-dbe rrprrspntation phairease 2pd prsude Aynamigiinghe model can

be BRIdHTA to ShIQBR AIALKBA DF HRs@HeBlds. %e?ﬂ’cﬁf ORIt 50 be
responses to selected interventions. Accordingly,

exphoded opiepugsah exomsdets inaulinaimpnistrationspreauhedhis grea@tant fipically

di sease praqgaression.,for th er age, di abetic
co1s ﬁgﬁ%etsy}lﬁlgfe%%ﬁ}f\@mn dlagpasis 03;5%1\'{)8&? %&P‘ém?%ss ponses to
[0236] € ARAhiaRig: thése nastEfiédtidns, tRS Mial WivnbH 8préSefBtion can be
representing different ghen_otypes (e.g., early o
evalaated fop ie sensbyterioy ayikh bpth skinisal)and subgliniesl byma Jaat Glinieal data

ncpsSRAREELYE B0 LR Bl FBAERohy SE SR o o
deoiimde'mCspeip&id@Wblstilledia@y%sad y}eﬁéd nltshh Slibclhiﬁidelm, élildi‘la Hﬂ:dr@&?j&ectional
data. Unfortunately, the dearth o uman di sease and .
datp ?Lﬁawteag? theii FRMSIEY fltaﬁtl'irﬁs apd, therleyed P8 sslk destiyction.
[02B7ES & 1% 868 § he&AbaRIH el Keﬂx’ﬁ:@ﬁ bRk and- Hloggéjﬁigg)%y can be
t hese chall enges, the I nventors have devised a t .
implemented inpihn emadel pimso differer(cey mag e dsefific@erit oo acodnt for the observed

.chnvestigation of..type 1 di,abetes i nmunol . and
it R anr & mehifaoPa o SRR it ReD o s Sigbypspheses can
be fERURERIbaEdAB @M rbm¥iBsid dghéanciel. PoIRMatoARE hpotheses can be
di abet es i nmunol ogy and pat hogenesis using the '

basgd g itheditersiire) cvexpeimments] o1 digicabdata, dyethi key diseashanodulating

ae=1 It 1 Q. I of the first, conpongn .
Pt R RBIE A N QD Ren el Vdot By IR rsuta i
diseasp andoinbeinouice et atod@ilst @rvehiad g ed binthelemanm\oe oM eshights into
pathn b cell (?utoi,rmuni ty and toqlerance into the unified

oFnests angk dymapucsirein shequiien ghthgsredebef diabgtes IRANQ@Pmice. For
The.: . f . :
e e B 6l O R s AR ot A TR S el B it
pathwalysahest eignifaahiby effed itls; timmigwéldisease ansetamtter @D mosse. If
for experjnental valigdation of. those insights, An
neceae Eﬁ%«&hﬁﬁa BFCOPUE ﬁ@ ngelRin GBRB OPEEL A P forfyfgted that
impHRHHBsd putiBvIR GhE fested th A¥RAING WeEdegtd S AR En & 1eALIRA 8 Sichieve

and to inprove the predictive value of this
human timing of disease onset.

[0238] In recent years, the successful anti-CD3 treatment of diabetic mice has motivated
clinical trials in recent onset T1D patients. Anti-CD3 studies in the NOD mouse reveal
complex dependencies on timing of administration and dose. A single high dose (200-250
pg) injection of anti-CD3 antibody 145-2C11 led to extensive T cell depletion and

significant protection in animals treated at 1 day or 1 week, but not 3 weeks of age
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rodent nodel in devel oping human treatnents. [0234]

The second conponent focuses on human type 1 di abetes.
woleow/09933e goal is to appropriately nodi fy thePCT/US2006/009546

representation of type 1 diabetes in the NOD nouse to

represent the human di sease. The ability to apply the

under st andi ng gai ned t hrough devel opnent of the NOD

L I R PR TR -

155mn55‘9e(39&9)2)01r1@ sBike asitigetyf ddedinistepadt @Ndw AosdsqQb pBIaRFor 5 days),
e 1 diabetes research, where patth?%ene& s is &oorly
yehtlx

afforded Pe PERSEFRISR N Aien SaHek olmigey ghjehtlx delayeshonsghin 12 week old

ml%'d gﬁtteil}l?ﬁ? é:g?gg r?SlS? lIIIJl §|0 ?g%%z)?rgla?}g é@ﬁlﬁ’ées(bhhfgnéﬁ& e%/ %SCIR. Acad Sci

11T di1&b22 %32 HdohD)y élhetenSud etalJ Mudd\/léBpmnl%l@f( 19@%)eChatenoud,
tia

ct G 0p RO TeA Seb5bReb 198 orers Be e keplefiog) dose
apﬂetﬁl%r@i%ﬁ‘vse 1n[ngg§£tll i ﬁlfnﬁ)rﬁajal@ab‘éﬁé’i’iﬁcé1 Wﬁ%ﬂaap re 19Q¥r dce appears

found to dif fromt nmouse par anet er
moe’%ﬂffwgvamoﬂlahmv amice. dh rgmission amtlws,elowfdosh &458021 ircnedbenly

parlp{toe 4 Bt P F2el Wiy, Sl atpaliahgoer-20ss

@ 99r7)) NTXEkoPBRY nfech@ilbh F réBMabS wak Teed KPHASEIH, §&ﬁp@ne@t>y the

a %ﬁucose and insulin dynanmics in the nodel can
n

githat e¢l adwinésieahipe of pighes aanzhA dor entiIKEsR Wi’éle?élm@]@3 prevented
I
renié)%g%rgﬁ%eﬁélﬁﬂl%t 1. I{Iat §ﬁ9 ?ﬁblezt gf(gmi)a 6@‘@ sgcpondary effects of
hylie!rgytmﬁ_atltsélﬁml gﬂlcbytrtbﬁmm raﬁﬁs:DWa@t 1ﬁ|djab¢ﬁ6 Animals (Kojima, et

ol PHESUhd 5 0 § L0 2SS PHOT Rp4 i, i ead dhtedepaiont
varfRiBnd R (ﬁﬁ&Jnﬁ’eaﬁ'lggcl ni 1?;‘?5‘1’%%3 'b?gﬁ{fgﬂéntgi&!ﬁagﬁ £ 8f action.

clinical and s uman I ni ca
[0239L| Edéh@’tsmdl&ssmr(ﬁ!ﬂwtib ilmge pilogidegdditianglendigltt intppbe jb_roposed anti-
ressive decline,in

ol RS, é‘?f 28T s RSk S B RRERR it Fanoned pg-81%

rerﬁlkb%rﬁccﬁﬁcﬁdéiﬁ Qath fIQ!éﬁ' de mlan@hatehsu& fwma@t Rr ARhd 84411 315,
inflammatory infiltrate and the | evel of

2254838 €1902); @rlalatepomi;‘ﬁ} alpl hhmug@l 1§8n&9ﬂ7e295éf(1397f)f @h@m@si et al. Proc

a C be il enment.e
Nl B8 TR0 208 P8 Bh LAGH B P o GTBRM ol 10,
63-32 QZ[IOZD) dbsérved H)W'HB s&hission dited @1 S96)esith Ro deflemse Additional data
mani f estati on and, therapeutic response. In this case

SUZEETS 61@4% déedCd b selpetively depletesoeft qcéprrcéléwt% tg pregulatory cells (Yang,
ot ol 3R 194 S@0eRANE gm;pF?fnmﬂ, af §iABraf almlﬁ%rb%ﬁﬁéd}?@@m

hbased on’the literatu on”’experi nent a
indu¢ddremasiodan diabetic NOD fdge adlnama&eedﬂodruhm deydetingt dvsesy svhereas

higlyefo g JEIEre Sosk P o rBEF o LA Bh e Lanspl gl 10,
63-49 @ZOO@%)eTﬁlhsnINd%[behQnﬁ@@ battil Hﬁﬂ&ﬁﬁﬁ thiy 51566 cofBie tOELRRRCy

i nsight's into pathogenesis an nam'cs from execution
throyfghisplectirarifectst cell depdetéen 4nd m@ammc@ell gagichment, while complete

CD3 depletion, which eliminates effector and regulatory cells, may prevent the re-balancing

of the immune response towards a more regulatory state.
[0240] Unlike the unmodified, mitogenic 145-2C11 antibody commonly used in NOD
mice, the hOKT3v1 (Ala-Ala) antibody used in human clinical trials is a modified, dimeric

non-FcR binding anti CD3 antibody. Significant differences between these agents preclude
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exanple, the identification of key di seae-nodul ati ng
pat hways can determ ne whi ch pat hways nost

woeigwibdsaant |y affect the timng of di sease onBer/USEN06/009546
the NOD nouse. |If necessary, hypotheses accounting for
the delay in human onset can be fornul ated that inpact
t hese pathways and tested to determ ne the degree of

detshl ddf hBIAERIvE My of inectanttnewd abtiormmd dosinpg Hotvedérs edts€D3
onset. [0238] In recent years, .the successful antj-

CD3
cliniead suate eregondneipdon @Cﬁmc@smiéabﬁaﬁ PatigEy vhopqinglysion is supported
by %hr? tﬁ#ﬁ% d%&&ﬁ %ﬁica@gﬁste -Eh[ﬂ’l R{@ LS andMile HulddR redutidis6 $ar are

AbUSe reveal e pendenci es on timng
pro@fisiag (#Heriokt, eedli NnEagld) deéi%Al 62n198 (ROEP). dhes the limited

200- 250 ection antib
Coé%‘sf”é pesgt ﬁg}d%lé‘teﬁ CeBFq ?Pé’ﬁl WegD%H @ﬁ’@%} B’é)ﬁ?co}s and results.

t h
[02&5{) Sﬁﬁil&g)rbtﬁcﬁ%%@%ﬁ?@&%@‘gﬁ%ryéb% ?%ﬁ&%mzsé@lﬂf other

agepes- 1Bgted froiom)an oihmmtrﬁﬂa @mﬂemmmeb B@cﬂlmﬁ@hoettel@germ BCG),
559 (1989 T
pertGR U and BRGieypo Y C veeBER B G kB

cliniBal4riAB Shefe WRAKcted on diabetic Sdtieaid! [Fyrttlemay e,chiimeinidd) BCL5, and
week old mce, but induced rem ssjon in 50 100% of
linetnideavare administere at maeluleWep doses In kymaes thatyia mice op jaibody weight
basi 5, 225-228 (1992); Chatenoud, et al. J Imunol 158,
47-2954 (1997); Chatenoud, et al. Proc Natl Acad Sci

[0242}3 Rr&dcol UdrepariciésldiOnbt hccolintifor atl aekpegted (ctiejvhltesuity) For
dose appears eff egt ive

. | b )
thefpess quahe o tHAEEN HLELESHe of Bt sy seRsd in

t I 9 d
B R nL e

et geDiaphies Al, THIEHN3| ($9§AhBhangoetchl. Ryoc Natl Alcad ihels 03A18§810252 10256

o R0 RS SRR RE OB B0 SRS 2

77840301 S41%34731Q11996)). ok MgtireAdMniicaltlats, 4£fOits ﬁ)ﬂlﬂdeﬂ%%d thié agent
ant i - CD3 prevented rem ssion (Bel ghl th, et al

Ved
megiateboechenions eo0wjipg fordiffeentouerensaaryhalp fl%téltl%m% Whlch if
h
e1t}é% @ﬁl&lg}%ﬁg %@r@rel%\%ﬁ tfo hun rréll IS%Q ?{gﬁﬂu?ﬂét &f&& t8 %Bérﬁ&%zel\guwan VS.

NGB atbuSe is. BEab S 101 serd#tbBty2d ﬁﬁ:oﬁﬁﬁﬁﬁ)a)mayﬂmrs suggeﬂted et human 3
dose dep endent variations in Qq

cell_:sxxﬁe;rg m@g S@y 3t rab fhapmopseH: dﬂ@l&@pqﬂesgﬁ%ﬁﬂsﬁces [nbé gél]l susceptibility
to Eﬂb&) Esr(E?%lHﬂ' lofmroEi NREWGIRE! eU B3 avg1d 929319256 G@?Jl)),gexpressmn

into t prop osed antl - mechani sns.

of Mﬁuﬂ@bﬁw(;ﬁo‘@irda@i;m&tdh@)tbet@e@e rla99 -4 89930 pandtaglger immune

o L S ot PR g gt

trid QRLCORRS. (1\;118&"1% of {yB&l ANPkds ithurdhns ohn bE@EREbpelI8 reflect most or all
2947-2954 (1997); Chatenoud, et al. Proc Natl Acad Sci

of the® iatragpecies gxﬂiezenc@a, dlgeryhy, pramidingrelialNp smulaied pregictions of the
dexge-{op NSt Iand prQ)TEI‘Jesglon 09 type 1 diabetes in humans.

[0243] Because timing, dose, and species specific biology can critically impact

therapeutic efficacy, measures to identify and minimize such dependencies may improve
future efforts in clinical translation. Prior to human clinical trials, the relationship between
therapeutic efficacy and disease stage could be thoroughly characterized. Analysis of dose-

dependency in preclinical models should help identify potential dose sensitivities, and
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63-72 (2002)) observed |ower rem ssion rates (14.3%

wWith no depletion. Additional data suggest that
w028060@9544 sel ectively depletes effector cell sPCEIUSRINGB0IS46

to regulatory cells (Yang, et al. J Imunol 173,

4407-4416 (2004)). Finally, a different anti-CD3

anti body (KT3) induced rem ssion in diabetic NOD m ce

dmi t d.| d
e -
stre(té\éi’ést 1248 ditedn, Merapléshonld: be'téﬁ%&hﬁ' mﬂl@pleﬁﬁxrﬂﬁ thed¥2 Chnsistent

Thus in diabétic m ce, parti al depl etion may al so
findiogs wowldtiecrease stanslatienpl tsqnftd@w yhule snqopgistengierthepldcaicpurage

furﬁilgp a&s?sn%%gs%afc%ﬁg ltdgttga ne %l‘%h Iﬁp&él 9%%?9 lfm%lwﬁ ore ag}%l dpable to

hurﬁaguFﬂlhnY,MnﬂBémsucah”ﬁmdals auelnding tiee TED baddehdrivigg t‘lﬁs ariudysis
i mmune response towards a nore regul atory state
eff%zm b e IE%H’PM@V%%H}dFﬁS@de&Og %{f@?ﬁe&o x3ipng thereby,
hg%lq ggnmonly used in NOD mice, the hOKT3gl
)% anti body used in human clinical trials is a
[02d49Hi Fushkr adalysis iof thedrunfeoRefresediatign at incliids thaimpedgntation of

theioa i BAER BePeer b NOT BoRk AR Buf RS Hifical frialgyincluding

cyc{l’ésp@ﬁﬁ OB ARA 1610$208n, dHAVRY Sft- C@?tdntlﬁg%r EOKTBERM1a-Ala). The

s were conducted on recent onset diabetic
mepimmm oBactinh of thesethlerapiasnasi welbagtho tasted cb;mdahlaotqcnb (including
dent

i G G e Ton b B BF gp Pt a Vit G Tog Iegghyfe Wih the

refoke RN GHEnod:R9 &h@é@&ui 0i0Lols cdhbS runt 4@ dvhiiafe@hn the reference

conpari son possi bl e indicates concordance between
mohstand the tﬁfﬁquim@dmﬁ@maﬁammgwm@ th¢ wherencegiatipntayutcome to

repgrte(i fl)cn%n (()j I tg(%%’% Gy Ir&?ifig\ﬁ} it g{) g%ﬁ.{mc%%n the ﬁeﬂﬁtlp%ngé{% }/e%resentatlon

ana gen I n - humah

nedeﬁslafs‘ . acﬁ%&é b@n:smm eesuBagith vatréabdradd eedtbilivhan Bfgigal behavior.
pentoxyfilline, and |inom de were only tested in
pre-di abetic mce, while corresponding clinical trials
were conducted on diabetic patients. Furthernore,

n| c t| ovve g§ r MSdals gﬂﬁyn%épg IHlgesWer e adm ni stered at

oses I n nstanlnmceonabody
[ow] g ﬁlfhebamrmon [poAdds compuitse vloddis o Km@drmale&escn@mmtsmg one or

mofraniinati oitiesetARPRERH infPaisiliiosk aFsoeialig ik  pancreati
lynﬁiihfrfoﬂéeéﬁe‘ AHm@E i FRGativaSrepRSGI MRS P 2 BIdR6ditd) Ipis‘(ﬁiess assoc1ated
dels, with protection in pre-diabetic m ce

W1th@ne merepancgasic (steireand, a st okinathematies! éﬁslat@pshlpabetﬂ@sn the

rep A any SRR A Pt o R e AEREL Riduhalhy  Plmputer model

can/@sBeonipkB8 Yhe oMmatirmatiedl répreseAtntiods offa biblugftabpiocess associated
778;418-21, 418- éé]l (1998)) For future clinical
with gy Ore?‘ru(‘é?spgla VHBRQIEHENE- t he agent medi at ed

[0 %ﬂg&? 2?1% i \Aﬂfsgﬁw%f/éf’l@ﬁng Moddisiofr eyt diabiteLABRSEEYabE6E Ray be
vsed to generate a simulation model of type 1 diabetes in a mammal. In such a case, the
simulation model may include hundreds or even thousands of objects, each of which may
include a number of parameters. In order to perform effective “what-if” analyses using a
simulation model, it is useful to access and observe the input values of certain key

parameters prior to performance of a simulation operation, and also possibly to observe
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either finding is nore relevant to humans. For

exanple, efforts to characterize human vs. NOD nouse
wWO006BBHat b cell sensitivity to nicotinam dePOBYSE®GB09546

suggested that human b cells were nore simlar to rat

than nouse. Finally, species differences in b cel

susceptibility to apoptosis (Eizirik, et al. Proc.

Natl. Acad, Sci. U S A9 925 - 9256, (1994
o DY TR 06T Heip RATIAR B 5 SOMPIOT, R4 SHEE g bfgration. As many
partinelRes £6 irtthuded 19 BreliBibséid? Sﬁ)ahd aﬁf&ffe@teﬁ@fy, A FEMAship between
system di fferences (Mestas Hughes J I'mmunol 172,
twogty zcthBOQeimna}) alsq peaddo examine sewain Pregmelsss algither end of such a
rel%ﬂ?ﬂg ]Ig(%te&rm {e a gioﬁ?@l‘ ﬁa?y'tvﬂse}gféﬁ'& 1Ife é%ﬁeécgrg\fﬂt%ggc%y the
effetitd % epeeifoasbject hes{] @b% nflmb&rl afiotiger bbjgbtabd:rﬂ a‘isd'ipdrah&fdrs that spe01fy
i ctions t he dev men progressi on of ty
theptfge %f}@ée P emmﬁﬁ%upqlbtggs?eczi&&ugfé PHPIeY msislere dpioften

bro'iigl? Sbﬁﬁ int®§ %ygtérﬁ oS- BBV es Ah)1ief h&h? ?Aﬁ\»’ar? mgtﬁ‘gs or merely by the

t herapeutic efficacy, measures to Tdentl
mogdelei'eaaesionh Itdss pmodhngiy@ﬁenayeﬁﬂrmr timencbdﬂlarrsim\dtafneomSy to view

el SRR SHLAR s sBet Lo ek 86 ot e
corBplibatid RS fazt ARACtHe YehifdRRs bheEeyiaIN rﬁb@ﬁ&%%ﬁtaﬁgz exclusive
Anal ysi s of dosedependency in preclinical nodels
with iespicel th prigITictRsh tief, y SPEl ePATAMPCEBOE aBRas it ingRy subsmodels. Further,
theHRIAARILUSNACRARACL AL ZakEON. BL ORI ED shoul d be
used tO gul de sel'ectron of hunan dosi ng strategles In

[02401i Thetompiter-bjsed smashmutidalirodet 8t Bfe ilrdiaBetdsideb@ibed herein
ni mal _nodel s. Consi stent findings would increase

esiss hevardut disagsragate knowlgdgeon the padiprisinlpsoidpprl diabetes
mt(\?;\gl i %fe%geéﬁ'ﬂ' fr R EwERATY, fn%%&rallf)% & ifi |§11f08 I‘?S%Eil%fl% (5 test

results m ght be nore applicab
altdroate h;;potlEesnsaWith respatthe distasepirogrestedns pltinregly cﬂaonlgatnlr@laboratory

rescareh Bpen e (rbERet ahar R B ohive Sederisinphts obytalg exerimens,

(b) tréb%hslba/apqueaa%snﬂﬁe &dth 0 ther BRAA eﬁféa&3hﬁfr ap&A ¥pbied in the

human representati on can include th
puhlwdlt@rn@m &¢)i aptinge thnmpamceagenh Felidatedingbe NQQ srouge fox translation

I [ udi
o RIS A0SRt B Mol s AR ove
dmaatsbody hOKT3g 1( Al a- Ala) The nechani sm of action of

hese therapies, as well as the tested clinica
[02ﬂ$lot EEB%NQQ PREFLEPR  diabsies grodshandihe swhsequsit kageprch using this

oS5 0P S 5 WSS S0 s

glucm cbatroluand alm:ionse'ad)ﬁcha‘t&desim tl‘tdiéODaﬁeulsen die mqus&namdn enables
.ef erence human pat ar| on of the

invpieafidh Tl R BacoB D e e RpatioFmEyad 6 cell
desfraétidi, ﬁl‘éi‘éi? FrViBRgingstd aRG @pﬁ@aéh@? tooéiftaﬂﬁgzeﬁﬁ%aﬁ or Teverse

representa I on necessary to achi eve consistent results
disegise hrograssient Edaddiidon toggpresentingaliearly ohaxaterizedhpreicesses and

behaviors, the development process may be used to identify data gaps and explicitly

represent hypothesized mechanisms that account for incompletely characterized behaviors
in pathogenesis and therapeutic responses.
[0249] The NOD mouse type 1 diabetes model can be used, for example, to further

research into specific scientific questions related to the pathogenesis and treatment of type 1
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D. Conputer Mdels of Type 1 Di abetes [0245] The

i nvention provides conputer nodels of type 1 di abetes
woaoprovsi4ng one or nore mat hemati cal represent aCTWS2006/009546

a biological process associated with a pancreatic

| ynph node; one or nore mathematical representations

of a biological process associated with one nore

aPREEEH S S el e REl SRR Sesenaton an
invieétiafen 68lypel AeASES $n k@il MhichodWPHRY th&btORMrbYe (i) the
t he conputer nodel can al so conprise one or

scigpiificamdeistantling o bpsdrdiahqtesathomenesis thiavgh dle userof pesslictive

T .

diabgtpeinio hiiradretlatcati @dals.i bed above may be used to

j [ t 1 di abet [
(0288 hrvahe Moo aphaglaaent ivieod) may B 1 Trégearaipagientitc nsights
int(%/\,h el R BRI B B el diYREs. tﬁﬁ?@%g%gts%@?@.ﬁ& and cggl%gteﬂge major

I ¢ch may i ncldde a nunber o net n order to

resgraclf questiardsi smobimding diseaseipto greslops &hiuNOMymaus typd Atliabates

del, it .is eful tg a and_abserve the input
moffg g engbler B 1o Pepeay AR DDLPBE p AFRCS BathaBenst Rt
inté¥{eriof 1aA k@ poPS tARQARSaPBford) thohldif: B %l%i/@bp’mérﬁtan? ﬁ}éplication of

observeout put val ues for these key paraneters a
a hugae fyps il shabstessnedel.an operation. As many paraneters

' ' r i of, angd are affect
0731 105 LB o BT Ol RhSa g R Egjevts o
thea bsaunesitie Eﬁeaxﬁl&idlﬁob@fohﬁ;btﬂc@@és&ﬁﬁii@lo@io@%p@bésb@ acedid all levels.
of such a relationship. For exanple, a nodeler may

Thuyy, G rtesheamnyier aqdehiioxides pmatltisgaable yiavhel ebiplagicsl aystem.
ThS@&kd Eempkesbddl %ﬁo%oﬁdwﬁfdi%él?lﬁgag}?ébsg atﬁgféggn&&ﬂ synthesis

al so paraneters that "specify the
of infommptiabfremttsolp oxre Hscippiee hitoca sihgle compermplodrl srahi®ugh

..are also often broken down into a system of
llnlg%t-%%oé?%u,teré?‘?%isr tﬁﬁg‘ieﬂﬁsgﬁﬂn@ﬂ?ﬁ ﬁ%’éél{ﬁ‘le%.s or merely
[0252] t AR eRBIHSISY, cSmBRRY RIBHEIGBIedt a patiBRGOBiHIRHaY stdR g , the
useful for tHe nodeler simultaneously to view selected
pangrees pbd engfominal Eictosgireldviaht to issuspradief dxplaserbbythdeompiitee model.

1S tihon of this need is,conplicated,by the fact
ThRh ot Al heSeerieat o T rmi e 0T S o e rieped use
of tRx cdhipitsiemuddl N Forspagile, bl paitateipohients béing evalddt8dbfen operate
araneter nay a&gear in naﬂg sub-nodel s. Further, the
)

at a%ab??él&}air daye fthezefigrayiheerubogliilasdeveh aayeccuny thedovestdevel of detail
< _ i |
ropffalae gl BRAF] TSSO R SRR RIRLIC Blo e

compmatnth stchdisdAGY s mBN e, groteirs cchgeni cudlytrbstiva idudetulesi sddog@¥cellular
of type 1 diabetes jntq a sjngle coherent franmework.
orgShelesoatatlas | Gaanrit Cﬁesqvaiue%d@é@@gv@ﬁwlhﬂ%ﬁweé gggven at the
lev@lof 8 il o3 eh N gesusWhh diGaRA Hiolb %C?il s%&@ﬁﬁe i.e. a single human or
progression, ultimately facilitatin abor at ory
mouse, is a common entity of interest with respect to the ultimate effect of the biological
components, the individual biological system (e.g., represented in the form of clinical
outcomes) is the highest level represented in the system. Disease processes and therapeutic
interventions are introduced into the model through changes in parameters at lower levels,
with clinical outcomes being changed as a result of those lower level changes, as opposed to

representing disease effects by directly changing the clinical outcome variables.
-37-



10

15

20

25

30

research through the identification or optimzation of

discrimnating | aboratory experinents, (b) reconcile
wappwroestshy conflicting data on therapeutic ef PCTASY06/009546

for agents reported in the public literature, (c)

optim ze therapeutic agents validated in the NOD nouse

for translation to human clinical trials, and (d)

identify n her apeuti.c nmodalities/str
10253Fe The YRl deti RS © Ao A& b e b s lefbhats
sophgightich ¢f théfr gt RS@ P4 héheaie Gbttius) é%ﬁedlé]lysfoﬂﬁﬁj@lby ﬂi@ﬁﬁbers of
be used to clarify how interactions between multi pl e

thejphlipdt maype ﬁ@%ﬂaﬁe&fﬁ firctydec lrighps deved at abstraetinn amiep 6 g spmputer
moﬁglagqhgsgﬁ n& 1okl HF ?DS%I %hoxggfr’)r exar 18@5@5}%} bl%%lologcal

vesti gation o Critrce
subsgsiérns bt theiy iftercanmkctiegy bat naed nautepomunna'uh yleaﬂeﬁ Hemehts of the

destruc t hereby p iding insights.i
COTBIE}HProTHE‘i&Fés at fpagt agt a%&h@ufa%a UpE RDlgaLlY Eeﬁéﬁl@g tQvigwihg detailed

eleﬁﬁ%ﬁt@ I 8RR o hdV e ARiohQah gﬂfv‘?&@{‘&ésﬂﬂ%ﬁéﬂ (ﬁf’cﬂ%’ virtual It)a‘uent’

characterized processes and behavi ors e devel opnen
phqmntwesad M@erbmgjﬂ@didlmgidsaﬂ eharmtyrlsmis,d)l@ apsl mtdnclude certain

engBlsts ettt SRS Rl O e P o i1 Ot migdel. e

repf@,bﬁtﬁggeméfa y,atﬁﬁ, m%m P@@m Abstr £HRAREE QeschiBE 4Bht thB ey does

nouse ty di abetes nodel can be used, for exanple,
butinged pet ln@bdd@ ecstedt pHAAS ssifioes pied tg sinelete fﬂilaé thpoenstindhes

cor&}gl.ltabe?dél Al Jﬁ[%ﬁ&%k%%t%ﬁ% Itl’ic'e (?o'ﬁ%n{t&%%&? Rz t 1S a}'t}lc%?arly relevant for

0 provi
subﬁ@itsmiﬁltdo@foré cin Bheadepadibenicedsivd and i nvestl gation of
type 1 diabetes in humans. The npdel nmay therefore
Wﬁ%ﬁr do eng fypplepmentatipr ikg ¢qrapyieraedsl mnﬁgu t¢ glhew yisual

repﬁéé?xﬁ%&?oﬂﬁﬁtﬂ&nggg%z ke?atIogg ?é‘ g'lalltaﬁ EhtbtP@atRins E}??%t?&eieﬂ ariables,

ematica e rationa
paramletzrs; Amdbiotigieal pricessbe r'Hys wuailaepresqneatmnohndiuias asultipleanodules

uman clini aI rials. 25 The node and
or %‘8%‘?"8@% ‘i’u&’ﬁ’g’aﬁ"“ﬁﬁ@ 8‘1?% é‘EPTF%ng% ’?ééea?"énplex mode] of a
bioRfzi@Nbystdng. | nsi ghts into the pathogenesis of type 1
di abet’es. These insights may clarify and characterize

[02f8] ofn @@slerml@herq@tm piordationmerlehid g seftwlars dsgsed to provide a

co@%uq lrneqsgel,ne %r?s egcrl%ogég %ePa%ylg Wt Z}s%%edl dellgsiQQ'Qc? titled

"Hﬁﬁ&lﬁ%@@lbglcaﬂﬂodﬂi@ Sigtthi &l MethodYAPSI P&. No. 5,808,918, issued
rans| ational efforts, includi nq?%t he devel oprrent

Semm 31 T3, ol BHicrarahim Bilogiesl Mayesa s e and Meodh 1i S. Pat. No.
6,030826 18RLE AoE APHAY, (TP N1chBR of 2R GRS ELRGIEAor p Dynamic
SmaﬂaitamMoﬂeltthzhng)No@p adl Lipk BRepssagationstilbSoPatcHb. 6,539,347,

issf2g ik . 2R acr Bt By aREO RO AP IoRgw €of # SngmicSimulation
MoBbl9if@NoaY 8@ Mnk Representations"; U.S. Pat. No. 6,078,739, issued Jan. 25,
2000, titled "A Method of Managing Objects and Parameter Values Associated With the
Objects Within a Simulation Model"; and U.S. Pat. No. 6,069,629, issued May 30, 2000,
titled "Method of Providing Access to Object Parameters Within a Simulation Model". An

example of simulation modeling software is found in U.S. Pat. No. 6,078,739.
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The created conputer nodel also provides

cross-di sciplinary observations through synthesis of
wonbwrooetsion fromtwo or nore disciplines intoParRiSe@be0ds46

conmput er nodel or through linking two conputer nodels

that represent different disciplines. [0252] An

exenpl ary, conputer nodel reflects a particular

i ol ggi cal ste e, g.. th I nd at omi cal

0753 PR TSR bt pEussaad PR IEE P MRS Bnong the
elefRAT W eHe HBE bf typaa disbetds. Bxamiplesiolf shitudly diggrains dndlidedEffect and

the nodel is often dictated by a particul ar intended
SuparrpPiagkne onput er nodel . For exanpl e, bi ol ogi cal

o e ter .

O of Rl R e PRacl RS RE R ol pagtyapys and
modales owdelpy int the nhalmedstand evelelsafesatitted ihereire pF@sxamelt, the Summary
Diateggmlg’terlaﬁgpglgbé.gggr%%%l%g%g{zﬁrgiglg/ ; Ip%g)gxgae@ﬁl’g\r’lé %{QMes that can affect

gluBbRIBhIS]. THREFUNGRAYDIESBE da¥ lEHr&RHE Bfks BRHldividual modules of the
subcel lul ar organelles. Simlarly, the nodel can be

mogdela | Thgmaailudas mérdel thel relevanticampendns/ef the phenptypeghrouple the use of

worh.evel - . Whol e _ar.gani sm. Beca i ndi yi dual . .. .
sty i ol 3p oW ARG ion R e o B s o digmgmmatic

arr€® ByBBoleNThiy, t18f canijilex afd dyMatlic methieRfaticdl PelhtiéhsHips ifothe various
ef fect of the biological conponents, the individual

clepienfs 0 fiehengtypetre casily represptiediam war-fiendhenpmion of
R
illuistndte theetynamisretationshipys adomgeitie elehrentshod thoogedelt FIGUPIilustrates an

changges | raneters at_ lower .leyels, with clinical )
xaBRRIG GBS e o AR Sk g veptienal ®4ﬁﬁsglﬂ_rqcswévent and life
cydl&}bﬁlthiﬂ BRNGBereaS [yRRPHARRIEs 5@ deSRfRgeTht RerLl ﬁi%glrscrlg‘l is organized

effects by directly-changing the clinical outc
inty moilalos, @z frEPi6B3] aTdne, Whick wheh grheipad togetheorepestettdhalarge complex

user c val ependi n the | evel of sophistication
phyg%o??gyeo%ﬁg? @é%mg’s"g e dﬁo%[feﬁieal thcare setting,
[0EsYpeStat hivd fidictiohs Boddy sHEWEIRS santds off AR RikableS thelytrepBYnPand their

desirable to include a higher |evel of abstraction on

locptign igfthexmedelp Jhe arraiyg énd nipdifierhshgethe relgiéonship of the state and

fun@ﬁ’ ARt 'tcp&hgla%a‘%g Q)thf En%él@mgtgte aHR 1{?&?9 %8&6 la(fs%i c%%kain the
subsystens and their T nhterconnections, but need not

paramapierstand eqtiations deit aid 1wed & eompits thefvalues of theputialsleshd @épresent

. -at least not without the user explicitly deciding to

n S&‘Pléwegl’?é?%}gfl%ﬁtﬁ-efi‘ W Emtadmenis.dhestaisend fanpdipn gpdes are

rep?é@é{té@&tcbﬁﬁngﬁ‘ﬂhg ﬁfé‘t’ﬂo@lﬁie@c d ¢h U%.'ﬁ%n@f\lupﬁ%r 8,'0Fi ¥39, entitled
patient's phenotype and underlying physi ol ogi ca

“Methad at Gendratings Didpley foee ®ynanid SiotuledionddodehiUtilizing Node and Link

arapetrig.setti used to.create that virtua .
RN, P Ripor R bR ifercan CH g srblet Phyjatg and function
nodeb efcdidhertdidchsde ®BR%y. | evel of abstraction can descri be

what the therapy does but need not include certain

[0260] ateterodesanetrppigeentpddyy singlebondeneenls sk reptesery ypridhies in the
sys{ethe ﬂ%%tﬁg’g ﬁ%ﬁ%ﬁ: déeic"r}i'ﬁgf |B¥, uf ot 'c#,JttvSe e eﬁ‘{s r(‘)? (i)r}puts over time.

conput er I's par il "eva
“Input” refers to any parameter that can affect the variable being modeled by the state node.

For example, input for a state node representing tissue inactive macrophage can be
macrophage recruitment or circulating inactive monocytes. State node values are defined

by differential equations. The predefined parameters for a state node include its initial value
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subj ects and doctors can be nmade readily accessi bl e.

[0254] In one inplenentation, the conputer nodel is
woanfeiogessed to al l ow vi sual representati on of PCT/US2006/009546

mat hematical relations as well as interrel ationships

bet ween vari abl es, paraneters, and biol ogi ca

processes. This visual representation includes

| £i pl ul es or, funct.i opal hat
ol AT o Eie Bl A0 pdlof B bR i mn hesq
embodhRfisCakirdy é&:ﬂﬁm{g%%i” ik Bttauhed a1k QBB AL hah half-life,
si mul at1 on nodel i ng software i s used to provide a

[026bhp Hergtiopwmades are represegied hy slopblsdrdes ovals angzapreskpt variables in

the%y&?%g%g S{F‘ uﬁggf‘frﬂlcﬁ“ angr épﬁng ﬁug Y% a{gé g&gn%rhlé?ﬁg{rfpms'\% the same

poibt B@8n& 1Buncties nedbsﬁe@de%d bg&%braﬁcb fdnedonsl-dlfehcﬁf mbutsa The

preg ’%?%%{9%31'1 %\/g %@dg%ﬁ%/nst@m 12(8@(@? ity mtt}aé Ualug/gﬁoh%é Us status. Setting
the GRIRE ol Iide RS Hb@%hé 9&[111@01{%9 ABUEis %'ef&ﬁnﬁfeﬂo q’h@@ﬁ‘ﬁls of a state or

Utilizing Node and Link Representations”; U.
funiipon ﬁocﬁﬁﬁn:bé?l) Cesputtd M., thQEaluQﬁH)&lcuﬂattd aasdafeWt hf)lﬂs mputs; 2)

oot oo SR iR RO S s ) oy, e, e

Valﬁpvarﬁ)s%& 89 acdoP@HL tb Pradefirdd datf¥atst i t led "A Met hod
of Managi ng Obj ects and Paraneter Val ues Associ ated

[0262} hStateandpjraeiton nadehean appsirmPigttharone dethe:medwle diagam as alias

nocfé%b fAhll\?no e’s%@ mgiégtedl Y OLE %r l%%e ?ﬁjs g% ,O §t5tte n%ge “PLN act.diab.

rovidi ng CCGSS tanete

ThWedlhsh in BIGRI 7yu B &itd aial Iadeibii nodes am(ﬂﬁmﬂﬁirﬁaﬂ b@ltl‘rckif p(bshﬁ)dih with
nodel i ng software i.s found in
resech tosaroyes andtlsgr ngdes, 8¢ Reine s@bea ﬁeureaﬁmké (§}s%¢a{a§t nodes (T).

Soﬁr}:é HoQ’(IeE ats ?Eﬁﬁde Qtytﬁg(fﬁll‘% (())F Ghré 9&{5{3'}% nGYERY at the Peads of

enents o type 1 et es. es 0
arrews. t lbdes cdi hegretive dricdctise Ef f ect and SumTary D| agr ams

10398 o T R RFarinhled e raroam the pyipenmatica

reldiRhaH Bedften MRARIISs. ARG REHORLEIN wifilircRXaRR ifdicdt® e activity
Summary Diagramillustrated in FIG 2 provides an

of the arrowe vk key todhhennpiations imibd girelss isHacaterhin the tpper left corner of

I uc cortrol The r r an al.so vi de
eoc kAT et ol PR ERDoBRE Ruftpiomeadis
holl‘ﬁi)ﬂ ghe ¢kt fs&ieg&t@f& FoR Iﬁ]ﬁﬁ{bﬁi deseriptiod bﬁarﬁhﬁ fb@iey Q&rdwhé}ﬁwfenstlcs
the use of "state" and "function'

and, @103y pgHRkions; éef‘défgl déd: Paegdimh 6Gad, Q?Qer? P@teabNanéra@ 829, U.S.

F S/RPRLS,, cq:pj —And dynam c
Patgnlgtlﬁ%vr?ﬁtl baP re at| onsﬁﬁgs or e vari ous el enents of

[02’64!4]e Emm—mlhsteate asérhpl aryeilifers magai:ns desaribing various aspects of
h |eng i%rmnner [0258] An Effect D agram can be
t eén e% gi2bs%t ati on of the nodel equations and

1. Tissue Compartments
[0265] The type 1 diabetes model includes representations of the pancreas and pancreatic
lymph nodes. The various functions of § cells, macrophages and dendritic cells, CD4+ T
lymphocytes, CD8+ T lymphocytes, regulatory T cells, B lymphocytes, endothelial cells,

and NK cells are represented as appropriate in these two compartments. The model
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illustrate the dynam c rel ati onshi ps anong the

el ements of the nodel. FIG 7 illustrates an exanpl e
wohommntfsiect Di agram in which conventional CR4¥U§2006/009546

cell recruitnent and life cycles within the pancreatic

| ynph nodes are described. The Effect Diagramis

or gani zed into nmodul es, or functional areas, which

} n gro e ether re e conpl ex,
Smj\é]\/ﬂ%%ﬁ tg %“tB"r?é%tb" )F:I:) @%tlwgf)‘lgpggﬂeﬁ gathe[pgggrg?tlc lymph nodes
ancﬁh@ﬁlﬁlsé}ﬁéigl%séﬁtﬁhmﬁb padess si@yv4y.he names of the

vari abl'es they reptr esent and their location in

[026pHefThe wrénhw hodryrite tyded dishsiestathogenasisi (@hgcrkpsmt 0) was
rf et G LI I8 Sl R Tl o o

cirquiationp tvhose mumtbeearall dharaster bai bamathesrtcdlly maitpulated! Mhe blood
val ues of the_ variablest represent in sinul ated
corwam%gw%mlaf r%ﬁ%ﬂ@#ﬁ)agﬁmg lycose jgad wysylin to;prgvide a clinical
tId?HPCt' on nodes are represented according to the nethod
escribed in U S. Patent Nunber 6,051,029, entitled
[02617/]et fbel typlb G atmtatmeds] alsOicapinaiude mepresemtiam of the gut (intestinal)

Model Utili zi d.d'k..
tissil S0 iRl PgACEt mhsqcisfes P Boe Bt e fontebuion o he ent and
gutkdkddigéd {PSssBE toSdrall @ adfhididtBE tHePdpiRRAEE Fopfddiced through the
further discussed below.” [0260] State nodes are
explispreryesentation pf &eﬁ@n@umﬁr@ethe @mmsgomhﬂg edlarpepplations. The
Var}clf)qltrs lﬁﬁpclu%ﬁs bﬂm&%ﬁgﬁ%ﬁ%ﬁl{g}l&l 1tic Seell é‘ﬁz?+ Q‘flymphoc esr EDg+ T

érm ned ve efféects o nput's’ over

lyniphoeytes, kégiiﬂﬁtory"széHsﬁBtlm@hbbyW[ AN K cellhade reposeatddest
the vari abl e bei ng nodel ed by the state node._ For

PRERRIAYK . thesegwe Epemenis: tharpedel sEpvlates Fhe digribytion of orally

adrhﬁ?s‘fér d fhef%%ft& £ 153 a0 GvellBE El?e%@&? The 'dﬁmte@fo the gut
circulating’inactive nmonocyt es. State no ues are

candedd memttlbzyclouhl cfffthnrm‘dutladtll}enpaeﬁvedh snd Bhpmpheyesiimée gut-associated

STt ety R B plodf it Batinsbtiat o ot o

thefh@%ﬁ:aﬂ?-ﬁ‘eat&ﬁ‘&@ Tenl 3 fyiﬂﬁht)eyted f thé ﬁﬁ;r@a‘ﬁ@ @ﬂhﬂ?ﬁ@)&s aftd d pancreas.

circle containing an™"H' i's attac ed to the node

Thfh@@dd siraviptes itecactiy iy eﬁatn @@HE eilwinistend shesapy memlepleﬁtse@
Q Rr der o al § at &P resent var i abl ef

°°n% er‘ﬁ VSR yaf fesdlt By ?A%Eoéhan A 25V BBPIFESIPROL i e, ar e
thetb@tewdxupeebdaye TRl Bslyaiphbbtesiangidcop@iaftinents. t i me.

Functi on nodes are defined by al gebraic functions of

their inputs. The predefl ned paranmeters for a function

node i nc#uddacophaggsiang) depgritie celly)) and its status.

t
A PR e T D G G
1nﬁit|:ﬂhmnlodf lﬁlethereaamcb@zntiml)le Coavpuneldte thraaghouthibe destuetivesprocess.
cal cul at.ed as result. of its uts; .

Phagdevticd (ot o Beris S 2 ol g e Shnaib apinutash
CDOY&FCI1 TR-CIS8 o %kncﬁﬁﬁﬁdeﬁb QQWE)@H Beerl inflicafedtn the\RAtHogical priming

varies with tinme according to predefined data points.
and expansion of diabetogenic T lymphocytes in the pancreatic lymph nodes. In addition,

macrophage and dendritic cell production of TNF-¢, IL-1, and reactive nitrogen species can
amplify an immune reaction as well as directly influence @ cell function and survival in the

islets.
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[0262] State and function nodes can appear nore than

once in the nodul e diagram as alias nodes. Alias nodes
waneaosiongi4cat ed by one or nore dots (see, e.(., PETAISE006/009546

node "PLN act.diab. Thl cells” in FIG 7). State and

Function nodes are al so defined by their position,

Wi th respect to arrows and ot her nodes, as being

[026D] N c&RN BEplBASRELE Lthe leofn ﬁl@:ﬁnoﬁ@ld&aﬁ c(&%ms és@ﬁtation of
nodes are | ocated at the tai arr ows tar

ongrfeaeredridogigelareerssas asswalt@eméh d¢nda1’£1|0@ﬂ1és an\bnieeroplmgebmcluding:
(l)ﬁgﬁ)ﬁl\éﬁoﬂ)%‘iaﬂﬁ&t 1&\{ in%gegg]ln@h&%ﬁ%ck%%?q g(gﬁrlg i (5] apop ostls 2)

es an resent

poplﬂdtﬁﬁll dynsaiics i eewRacrehiielyiphen dedMNinddiving BfluR @nl ap&tess; (3)
wth circles that indicate the activity of the arrow
actixafieniny the parereaticdymph spdesiand parereasy ragalataddy solublefrciors and cell-

i 93 58RIl S, TR ATy ol

antigen pvdsaﬁdhomtolmldloosﬁmtlh&oteéf @4+ asnd ABBatT Weaphooytes and regulatory

colsh P GreniieaEs P RO eSlaog Bcregiog inthg mncreatc

yrd;%tlgﬁf:s ﬁl\llgi p&c%é% (69% P’ a',SILJ:f %t Egg{%fg%) gn@@@c@% %o%tlaj 7t%v1th tissue

lynprboeyies. FI Gs 10- 195 | I I ustrat e exenplary Effect

[oz%yﬁgb%ﬁ&utﬁbcse@” b cnﬂp ég%gs](%ﬁ% {n%@%{ag? %fge s?tﬁlgt a?cf: critical to
the in@ng rebatel mahﬂmgethe bé@h@ﬂ@&oﬂc@@r@ﬁeap@Idtﬁeﬁdéﬂhnha 8ell
pancreas, and pancreatic | ynph nodes. The vari ous

phengiypes FKkcrpss-pescalation cm@tlﬁmwlwl]@ew@nm Iiléfer,@lcb%ln
I r
phagE oo, TE AU i AR Eopdion PRRAYES b G e rates. To
addeesk keme Dﬁt}mwngmﬁnamaﬂlmemmrtb@pﬁrabﬂaﬂ Biololge Siesociatied with distinct
co0 t ments. del sj theatlvatlon of |
f““%‘&?%ﬁﬁ%%%n g H‘IO $8P{TY 6@1%@ ferent ¢rll Roawtatient (¢e., immature
I
DCH LRI e SR DR ) PHAARERS 0, hEP R ARALERE). The

contqkp@og of ﬂmtwﬁﬁﬁﬁlm)@empha@ei obe ld]seatsetcaﬁ)))e watured through their
b
antgERLEREIE FoRsich i hiolh s 18 Ror Ok iy Tgtiofs it influence

othatigsindwelResswellds g bad alofieligibdellpe mat hemati cal |y

mam}sul ated. The bl ood conpartnent is primarily
[027Hpr %r&ﬂt@weﬂthed@sn gdea@ﬁ%awmoahmgm preseping\detieinyolved in

o G D SO TVE Rt 7L 0B e

responses Lmrvamdg pefipladralttispics dbr éntiab siipeas ﬁhdt BB Obddn” by
uti ons_ of the gut

tissue, ,P (igr]trl and
antigepy Specifisct vl (VPP 1 hasbeeninctersinaly aprrasined fest dendritic
celld REY Y BterRhifze! FIOCOLUGRDrERACHI e MRt also integrate various signals to

provide additional information to antigen-specific T and B lymphocytes, where the

additional information can profoundly influence the resulting response. These signals can
include soluble mediators (e.g., TNF-alpha) or cell-contact (e.g., CD40-CD40L mediated
cell-contact with T cells). The integration of these signals can alter the dendritic cell
phenotype by for example, altering cell surface molecule expression, soluble mediator
production, maturation state, and/or antigen presentation. Dendritic cell phenotypes may be

characterized as inflammatory (i.e., inflammatory dendritic cells) or suppressive (i.e.,
-42-
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explicit representation of these tissues and the

correspondi ng cel lul ar popul ati ons. The vari ous
woumtoveras of nacrophages, dendritic cells, CDRET/TS2006/009546

| ynphocytes, CD8+ T |ynphocytes, regulatory T cells, B

| ynphocytes, and NK cells are represented as

appropriate in these two conpartnents. The node

| e disstrd bution of .or i.ni.stered . .
sorphEEUERHellys Py 8B, b g e FER Bl Sstin an
inflbi@afy itinfineirbipoast dHardcheizedby tdrrexpaddor 6f effektor at liyﬁ%hocytes.

of therapeutically-reactive T and B | ynphocytes in the
Suppressiesadiniieepllsygiingrerent ergeatromsindapmatary imping gespense

o5 SR 00 5 AR oo, T g
phoehpesaittinot Excipdiveradiiffe@ntplpactypesinay bé einnddatously generated over

simul ates the activity of an orally admnistere . .
theoqis B & Fombitaneny i riaiog i PR o e LOKRRRER o s scenario
tenk o8l ot spatiafPArBiiofin BRHaPhc6F i'(ljl‘ﬂ%rrf 88 SuBpreSive de_nélritic cells

therapeutically-reactive T an ynphocytes in sail
woylsrgubsequenttysinfliRencivils aireg @f eHectonienthgulatary dedellls. Further, the

reeuif iR AR oI B e O e o B¢ g oack o

infReMGAEFeIROGr TaRtls BALHIBetLEivaRd Ideh & itid delly vPittls inflimmatory
destructive process. Phagocytic defects, synthesis_ of

actjvityy whileregulatry Jesellp ces ndies SupRresyse denduitigiopls, cpyulting in more

+CD8 - dendritic cells, have all been

reéluf%q%aétega' in the pathol ogical primng and expansi on

[0262] dRapret@ad@ivncof Thdsy fiplutiond @ facilitareinpastipngen oLthk Yotidwing

. _nhodes. In . additiqgn, nmacrophage and dendritic¢ cell )

issuss 4y E@Fildﬂ%e 10gengs{s: EB tﬁmlartlgg&mp%aqﬁ:pp B@tég?n presentation

anPRBFLRS sERE AT &5&0@&%6mnﬁﬁﬁ§ bR ofhalel \Jv%tﬁ‘_ﬁther %ell types;
directly influéence b cell function and survival in the

(2)itkd diffsrentialaole dfrmarsophages dndpir deedritic ¢ebls dpring thedoigeLindammation
nmodel can conpri se repr.esentation one qQr nmore
vs. FRiEFessioR dp B3P deSuBob ABTRIPE Bhue of thefnios e i these
populslioRB.Gh &P hagRkingNDIsHentypé, bl oBRPYpRIfiPfnBydRN CS i n
t he pancr eas, |ncfud|ng recruitnment, exit, and
apoptosis;éSZ) opul ation dynam cs in the pancreatic
| ynph node<D#hdl lymphgeytss | ux and apoptosis; (3)
10223 T bR P BA7 a ¥Rt TR g Ao R &R he
NOD smuge thydqgh SeydralsCD{4 rlopbacpnaptiesdiscasgrapanidogive transfer to non-
. t in, the pancreas; (5 ti resent at.i to
aieliths NGO Tiver g ﬁ(_”’@f‘ﬁéfﬁ&!gm éﬁ@géb&?m%wwﬁ%w 3D mjeg can
prev&FYhAdifa¥e.CEDUS T RmdghBcRB \Gae & infilth X GBI JARERS #Mound three

pancreas; (6) nediator secretion in the pancreatic
wegksnflage antbeonghithtpalacgeeyti¢reofthe iMfNiFate, Sbinekd their key disease-

PTOW% ﬁR %@y{lggsn %cfu@a p%oe\}iéing %glltp%g tothve\allr tccl:hstsluc P hs CD8+ T lymphocytes and

macrophages/dendritic cells, secretion of inflammatory cytokines, and induction of

pancreatic 3 cell death. However, CD4+ T lymphocytes may also play an important role in
preventing or curing diabetes through their differentiation into adaptive regulatory T cells
(aTregs) that secrete suppressive cytokines. In contrast, innate regulatory T cells (iTregs)
(e.g., CD4+CD25+, NKT) do not require additional peripheral differentiation for basic

regulatory function and are described below.
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[0270] Dendritic cells and macrophages al so have

inportant differences that are critical to the i nmune
woesmsd4 i ncl udi ng the occurrence of qualitaPCYRISY006/009546

di stinct dendritic cell phenotypes and

cross-presentation capabilities, as well as

quantltatlve di fferences in phagocytosis, antigen

e sentation,efficienc and cyt oki ne
10231 S SR Bh oy e Lol Figret o7 Samlignh Febeegsptation of
ondlbri thEreVEI8 Sicall 26 cRs bl a8dd WitIe COUM RESHoRY RS M&l{ulﬂng Thl Th2,
di stinct functionalities can be nodel éd "separ at el y fo

and adapHye lregrﬂ@mry degell spbysis. dirpigrred {)@1@10&1 provessgs essDeisted w1th

mat,u an. | nf
COY DRI b SRS eor et s o elsh PR ygntion
inchele] @) adi’tdvaﬁaﬁ tlﬁ@lli@%ﬁl gto ptebaltéi[cﬁmﬁ%oﬁt&ﬁulﬁﬁoﬁa apthe heskreatic
through their ant] gqe% resenting function and through

lymnhenodes pud pagsress; aorghTht, g, enadaptive regalatasy subtype
dlfﬁ}éﬁﬁﬁﬁlbm‘c&%&s d?}?es \‘lﬁiéjvon tlg 0 Hgo&ggﬁé@e{tmﬁ, ddmritic cell

Dendritic ée entifie
phenotypecattolinds; grehcqutaes eithiregplatetyl B celh;vm Ipard-eatic Igmph nodes; (3)

crofefeRulaln oBoHE COATeT A Sioaioy AL imidl regdbsat St recruiment
for EPMEY cBIY siREl P3G b@%ul&ﬁcﬁﬁd&%ﬁmflé%rm R Rkl gﬁ’ﬁéﬂﬁﬁﬂﬁs including

that may be "seen anti‘gen-specific T an
lnﬂuynmﬁbfeyat@@, dlrfferdmagtlm @pon»tns;s,@aé iekig] (p) pppratiinedymdmidsan the

oA, PO LA P
preﬁHrmmg dellsﬁéiﬂll Potenmiation 6f ODSRLT Hid B @rﬂﬂiob?t@&cﬁ%ﬁnflh €helpancreatic
and ynphocytes, where the additional information
@gfmpsﬁaq; (B) mediator seracticadin thg prycreatip bmagh nores ged

vt sl r—

corlmzlt ;land@id)eet] contabt, Toreehinple, withetlien Teqd® Iyanphotyteheleadritic cells
dzl}zgnal s can alter the dendritic cell phenotype by for

an }@ 8%l tering cell surface nol ecul e expression,

[0235) UREﬁre%@dtﬁh% (RO Aietibi oan TRSiHfaR 1'n95bt gﬁ%neof tRE ?Ulﬂ)rvvmg
antigen presentation. Dendritic cell otypes nmay be

issughdir Bpe drdishstes a)gthogenamnﬁt) dhrgrelative 1mp<prtﬁfnlca nﬁénff@rqnt CD4+ T

ndrl sup SSI

tymyBRG0T B G o3Pk RS B Y€ niieicH FARBL R s the

pankcitiat;i(3) the@bnigibatien Of diffeiont t:@rmat SNy dThbRG0 ?@ﬁl@@élfe@ls (3) the
characteri zed bé t he expansi on of effector

relafiypreEpraan ofglifproatGPde Tamuhpeste setvnes tadiseass initiation; (4) the
roléto%f?g%ghto%T Cof 1'i1cﬂle H'Hnét E;/L Jny of dITHOE {f)ecﬁg P«ﬁg’tfve contribution

expansi on an /or ac |vat|on 0
of D4l lympmjdy&tsl inB<ell kiléingtemd(6) the ipidt oﬁﬂﬁfupﬁ@&ﬂ&%e@ﬁ@CD4+ T

t excl |ve a i fferent phenotypes, may be
lymé’gﬂ‘mt‘? Byl aéfgeéFrgfagan{ﬁPQPtoﬁﬁeﬂl@dH’r%@lo@f a response

with varlatlon in tenporal or spatial dom nance. In

this sce‘parc]pg.,.rrqm?haéytgsr spatial variation in the
bal ance of inflanmatory vs. suppressive dendritic

[022d| | Simyisw thjdlgbanmmGDHy T Iyfripheendes, theanipattaneseofdiD8+ T
lym%il (%%s n type 1 élggel'{esah r%elI dgmegrlls%rated%r gh the 1Eent1ﬁcat10n of clones

whose adoptive transfer induces disease and through prevention of diabetes by CD8+ T
lymphocyte depletion. CD8+ T lymphocytes are present in pancreatic infiltrates and

accumulate over time. Since their major function within the immune system is cytotoxic
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regul ated determ nation of dendritic cell phenotypes
can receive positive feedback as inflammtory effector
wO 20mlbss4can further activate dendritic cells POWAIS®G6/009546
inflammatory activity, while regulatory T cells can
i nduce suppressive dendritic cells, resulting in nore
regulatory T cells. [0272] Representation of these
actlfvit? CEDENT 1GRPhb&Res dré Béleveduesiby gatites ralb i the killing of 8 cells. In
fo 1 owi ng issues in type 1 diabetes pathogene is:lﬁ.g‘lg.
additinn todheir metopcwmwﬁg E5r hbmphasyisaedictign Pgﬂyta es 13
medi at.or. 1 qphpges and dendritic cells
bellc%?r‘%)%rbeedmaﬁ%%ﬁ%b%%reg%é| iétypes'; (2) the differenti al
[0279] elnéermbcignbaegesticusdhe compudr inbiel melcbmprss @ reprashetation of

ondbsbrgoi SRS 4 ST Pl i
ot ! LUl

B LR G e i e

panCias; (2) byprpatimydymsmydsay the peaerepti¢ lynwhanodes, iggheding influx,

I.abet es t hogenesi s.{n the. nouse d e .
proBFETaT BPEEO TR AT ghked b OB B S e VEn e a L ine
rec RdirabRdtion Ndd Apoptdsis f@Y nieliavdr\secrdi Bithe parfreatiodymph
T I'ynphocytes in m ce can prevent the disease.
nodepand Panayensi{oey (I -e1 HN-V% (kg of Aeells iesobetle megiatos and cell

o LR 0, G508 g o508, aenc o

andlind@opksesmidigglif.unct i ons incl ude providing help to
ot her cells such, as + T |

hocytes and. .
[0278L r BispEsgeiptinaRirthese negions cAndBaniAs i esiiesrion PEhlelwing
. Ok nas. ( oo .
B S MR oSk i s
activifies ih theppamessatic hgnphrnocles ambpaicedos tedisease proagressiea) (2) the relative

differentiafi into ad i ve.regul a T.cel | .
corgryagest ¢t Tdwophie e TR osl 688 o TRl e ifiiey Bt therapies
r I1ORph&e lifk Aoy, diffeedntistién, Bp6@esis,(@d@nigration.
tar%%%%é%%%ﬁ:r %&% ggeelggtl requi rle aéldli tli ongfeﬂpel?i pherlg’fal o0
differentiation for basic regulatory function and are
descri be8. pelywphotes] I n certain inplementations, the
L I ' I e t.atl on:
(07372 Apflgp B i f BRRLAS £ SHBRREREM Tl RRiBHsS o Blact role
of Bylyipbhesstesdn typrcl didbergs ihhhe NOEPmoaseds atildpeing elucidated. Disruption
regul atory T cgll suEsets. Preferred biol ogical b
or N5t sHEdnakien of PlymRhoR e appaYs 1o POIRShBRAESEas: b g
medfarifH OF B¢ Flofikubh i< g ﬁﬁﬁpﬁ&?@k tha9fcohute to disease through
Invention ihclude: (1) activation through antigen
thefir rebeeastantigemprenehtingsellnandthe produstiarhes qudgrotibedipt | ynph

[O%ggfﬁp Sgr?arng %ﬁ%%ﬁ?té@{l{;ﬁ%%h}ﬁe}f 8‘1{110@%{ 1:%1? (#08‘1 -Ha;%a rgﬁresentation of
on@6t YA Bioldgi ALPRBEAithsestiAEd WIRB BXiPBSLytes, including: (1) antigen

costimul ation, dendritic cell ) )
presentation to and costimulation of CD4+ and CD8+ T lymphocytes in the pancreatic

lymph nodes and pancreas; (2) activation of B lymphocytes through antigen exposure to
surface immunoglobulin receptors and cell-contact in the pancreatic lymph nodes and
pancreas; (3) activation of B lymphocytes through dendritic cell antigen transfer or
cell-contact in the pancreatic lymph nodes; (4) activation of B lymphocytes through

dendritic cell or islet 3 cell antigen transfer in the pancreas; (5) secretion of autoantibody
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phenot ype, cytokines, and contact with regulatory T
cells in pancreatic | ynph nodes; (3) cross-regulation
wanweyBiMd+ T cel |l subsets; (4) differential reguiuakioenodsse
of islet recruitnent for CD4+ T cell subsets; (5)
popul ati on dynam cs in the pancreatic |ynph nodes,
including influx, proliferation, differentiation,
and AREREAS Sthe @ﬁlfi’crgéﬁdlymbﬁ hogesput penasasi (@) populatiom dyenics in the
pancreas, including recru eratlon
pandigistlpoph sofeandenns 8 G canboRat s Ear bR <
lwnﬁﬁgyﬁgtent'at'on of CD8+ T and B | ynphocyte activation

€ pancreatic |ynph nodes and pancreas; (8)
[02815 diRapessestatioeof these fonetives pamfaciiate inviestigation ofd4) Bisd

B S TS lghnc
d1serci§e| r#rfﬂ %&E‘sﬁ&? t(2) the el S¥ A RIpBrtai¥eldT BolyRhodytadish disease initiation and.

ted, dendritic cells and nmacrophages 5

pro @ess[(ms é?f)ttht D@Ttrl‘?tﬁthr?m_f%&ll Busapheside Brgragtions (9 {hgtpélmlné of B
bGP EAE? b i

popghﬁgﬁbgﬂgﬁggndngr | ynphocyte functions to pathogenic
events in the pancreatic | ynph nodes as well as the

pancreas; (2) the_ contri bui'gon of different CD4+ T
cell cytﬁak aﬂéﬁﬂﬁt%@e‘ﬁ is; (3) the relative

0264 nt fﬁé%‘h' o%ngdéﬁpfr&ﬁe&fah f&Qﬁé mTvoh%méﬂ@stg cseubhvmeSNOD

8ase Fnitiat ron;, (4) the role of regulatory

mow:selﬂl@deil of dihketemi Iﬂo\ae\reo,mbpnmgbegmﬁmln@fevmeg@@%geqtgghat NK cells
he relative contrib

may; @Fher prqtect lfrg)m %llﬁ:amzlg)met (ﬁ%eaf?ngg S?nvefse}}% g?%\%ﬁweqé dis@asl%

pro%].%?%@ﬁ iNgoBfice Rerom bRaiks Bard @iggf:s&écaﬂllaDNK cells play pivotal
erentiation, apoptosis, and m gration

regﬁlww] wlget ipdpUvRE MY |aag may cenﬁ@@f%f@éﬁf%mwcagsease Several

mose. F

s R e B PSR R gl B X e, or

insta Bl plEhie A @l sofors NOIR Snivhasd S tbpetksevere ahewe to have reduced
i nduces di sease and t hrough preventi on of diapetes

IyticesHitigs, lag NWH@@)V@@CG@EN;W ,p&duc’qmq_orqparr%w mice, éﬁ&/dltlonally,
sev%aﬁé%?e% a%%lr ntngéIR{OhL i AL K0P 'i’lﬁuu@g ﬁﬁ\?@'ﬁ&h QuEbested to

maj or unc Ion wt I Nmune

depei& bEINK Eelll é(dtﬁzitwsl ot btawipily, ,theqmﬂecﬂiom yifpided Py disomide and
believed to play a central role

Kk
ComplaeTrennd 8 dal VAo (o adar G BR GonsB SREF P o el
acti VH;b%r . aﬁ% rotegﬁxgega%}ﬂs OfRbs S gckehﬂ% %?C‘?%ﬁlﬁé’ﬁﬂ sh&if€ may

€ Pprogression. I'n certaln
alsd FiHcEOR phrdiuile ﬂ&oug}hﬂmﬁlﬂm&ﬁmm% B:aad 0D ﬂimse sapogts, a reasonable
representation of qne or re :olo i.cal ﬁfesses

hypedacsisi 2t N £33l ExseRction gnmsﬁ Ve 0ggYgsis in the NOD
mo%gé, I‘%thelﬁglﬁ%ﬁrce eﬁqﬂgﬁl W? I g%%@igﬁ Ui@oatlottel dtudiedéupgbst that
under certain conditions NK cell act1v1ty may contribute to the progression of the disease.
[0283] While NK cells appear to be playing an important role in type 1 diabetes, little data
exist to constrain the in silico NK cell representation. For example, NK cell numbers in the
pancreatic lymph nodes and islets during disease progression are not known in the NOD
mouse. Moreover, while peripheral NK cells in the NOD mouse appear dysfunctional after
B cell destruction begins, it is unclear what their activity is in the islets or if they are
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pancreas; (2) population dynamcs in the pancreatic
| ynph nodes, including influx, proliferation,

weapopiesi4s, and exit; (3) popul ation dynam cs PATUSE006/009546
pancreas, including recruitnent, proliferation, and
apoptosis; (4) nediator secretion in the pancreatic
Iyrrph nodes and pancr eas (e.g., TNF-C*" IFN-g); (5)

dvsfileaffl fling <y ofet¥ sidin doacdREh AN bot damlgion on
spo'ﬁtﬁeﬁhsﬁilieﬁ@ﬁ@ §ién héﬁ’ﬁﬁ beér denf@istrated ulthBBsh R#BRABESwith anti-
and b cel]ls. 0278] resentation of these functions

AsialoGM]dn thg Hhﬁ%ﬁ@ml péal v profectivsl Mawleribe lagk gBeonstraining

dath RedbpEorkich QO in BAIAAERE RS fof N {6, Bl i Puncrtainey

outfinerttabeat can by eptlicithydenlyaod aphiaticeasddrsiocd feagh in silico hypothesis
rogression; (2) the relative contribution of CD8+ T

tesfiRephocytes to /3 cell killing; and (3) the inpact of

[OZBWEV Bt el AAShEReSBhe -Eoﬂngﬁ‘ﬂépﬁl%ﬁélecaﬁ rc@ﬁﬁaﬁ?é é‘?ép?é%entatlon of

ferentiati on apopt osi s m gration.
ong mmé’wle@c{tmm]sswasmwd veitht NKrnqllb,adylu;lmgd(lc) tcomstitutive NK

| K b
colfilik 5EB Sanebi ) Smmn s Lodesee PRt sl pesto e
pan‘éfrdah 1 (3PRIgOI6h BPN@@&&I%CU%‘:&MHSX deﬂrboﬁfac%rgetﬂ)e and B cells) and
elimnation of B |ynphocytes appears to prote

cytelgaesistg.,dLs@aIdF- @uTGF#ﬁs) (@ cdpatrtshprofifaration qmdmpeptbsm of NK
s not cle ocytes may contribute to djsease
Ce“'é hNﬁq%?qctcrré%ct@gs,aml}léa& cHpkine prodvstien(q &, Bl HaF-a,

TGR! n@ﬁ\g& tck@ﬂ}x%lﬂpf‘é qgl&)h&ﬁ}%}f Sells [agg § (a:tjtédl:llle ggr{r(ri 61?%0;&81153
[0285}) rpaetd the Iuﬁﬁerfbﬁnt? Iﬂ@aﬁhn@'ﬂfe&okl AN celtd d@fr@ﬁﬁﬂﬁ@énesm several

associ ated w th hocytes, including: (1) antige
hYPSF}}?é%*rﬂaatbie(?ﬁniléefﬁﬁ‘]H‘ SR LiF R Bive oy hichate vssd fapissesying their
t
L R R S R R
inteavgntigen exposure to surface i mmunogl obul i n recept ors

2R B P G SRS R BPYE i s n

typ&l € rehbledek 9at%6§éne§1§tél§1% Johﬁﬂ)%ﬁ&'i oPNKC& ﬁlﬁ&ﬂJnQStdléeret he
pancreatic |ynph nodes; (4) activation of

progueatieit ¢3) ths lehtnwmpocjembrqftNIé celdd in (bsea$Q;1|nEttatlbn and progression;
e RSy W RS T S

funties and pancreas; (6) popul ation dynamcs in the
pancreatic |ynph nodes and pancreas; and (7) cell
contact,_faor exanF with T [ynphocytes. [0281]
Repr esent-al#lehf edllst hese functions can facilitate
%
R R R
dialptesd g nbwiautoommune stains of mice, there is a balance between the growth and

death of § cells during the life of the animal. In NOD mice, however, disease onset is
characterized by a cascade of events that perturb this homeostasis, resulting in a significant
loss of B cell mass. Although several mechanisms for this observation have been suggested
in the literature, there is still debate concerning which of these mechanisms is the major

contributor to disease outcome. Hence, the implementation of § cells in the model
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di sease progression; (2) the relative inportance of B

| ynphocytes in disease initiation and. progression;
wO23ostoags4econt ri buti on of DC: B | ynphocyt e i nt er RCTiUSB®6/009546

to the primng of B |ynphocytes; and (4) the inpact of

t herapeuti c approaches targeting the B | ynphocyte

popul ation or its functions. 6. Natural Killer (NK)

inc?ﬁ\lc}%ﬁ%sesg%tﬁ%intE;hgi[&gq(é%%le%ﬂq w%\g%@? reﬁléxétoh%gng{aso ;chrll%ducing

mechaabaises. However, seemingly conflicting evidence

02347 oRenA ﬁ@rmsggé%?enégntggﬁb%aé@f{; ebeermid enltraplication and 8 cell
deafll. SEIRSErOR qﬁ aﬁkﬂﬁ}éﬁ fheﬁg%ﬂg i co ﬁgﬁ?& uqt g%f%spn?%}/sg 2

suggested t p1 vo reg
repreaera@tacpt of\ome iommaone bly)lc@rmhl pmessemisrsb&iw;b& whith Bieﬂlnieﬁli@alﬂ@n and/or

cell t%?l qSevelfl zi confl rmed that NK cel l
B TR, G phe g sl DY Rge NERES Expptyre, and (2) death
reghlﬁﬁeﬁwca%e &l cBhiabt (ié"% %E)Fﬁﬂf h@{%?ﬁbf%g solub? med1ators

weeks were shown to have red 't es,
(e. gnelNF-g5 TNl céddltlgmlgepmn lfmtqtlons cprgsented ifobuded(h) feghlated

coflfiSp o5 L B0E el RS bR S oS S s
medietpm"(e gorinddinCROK/RGS).vi ties. For exanple, the

géot ection afforded by |linom de and Conplete Freund's
[02 %mﬁseeem of thepgfidetionsicen fmlyta@emsag@mm of thefolewing

1ssu|é§<1rf:§b E)%lt‘ﬁ?gen%mg eqléﬁ{eq g %ée fole ?pﬁ%&e&t griﬂg\gays that induce

B cdliudeath; ()21) tbamlpeat biyplylsiobogih G stlil tatherter;umdqB) INK i®Bhdt Sf therapies
ese _reports, a reasonable hypothesis is

thattlﬁlilpﬂrq}@eg eftrWQ’Functl on may contribute to di sease

pat hogenesis in the NOD nouse, while enhancing their

act i Vi t)g.i Piftinet aktliN@ed 3ltN@Upiakher studi es suggest
hat under certain conditions NK cell activity may

[02% ntFypsut diakegestipa diseasgrobersciorized by o grtissiva destrucO@Ba] islets

witRpegRS, ol PR Aneb CoidFado e Pafinis T shRilanoonte

presemcesoﬂ isless thif apeefirte sfapflaaatony irfﬁ]tratEQ(unﬁ%l‘%HF as WEIIGR lidlets that
]&ﬁr‘o in the pancreatic |ynph nodes and is .

are %{f dnalyed %Y%’gméﬁg@ﬁs hevt vatyisgdegees w‘e@ cm:destrucuon.

N
TS MR O OBy M) L L R
reprb«élgqtlna of bothltmtrﬁattetﬂ da;easwlaﬁﬂ trelteiont fgpdrsed. VisiebhétBrogBifeity was
g |%l€ are sfu ctional during early
repr&?‘%?& Ol he el %18 distipel igtriBpted Sitessepkseating islets
dem@Bt-Ghp @&npﬁldéltsémtelﬁnﬁ@d& ﬂb&l%é%@mpmé %ft%kffﬂéhl? AR Qfstinet

been denobnstra al t hough treat nent
distrigited sitect isle binh E1G yiﬁquprhmmaaﬁmdmnmﬁ dhed totMpancreatlc islets and

G l.ack..of constraini dat uce
con BERRRTh kN Frea Tk oiB i o SeaP R Ren herilodupy ot ave e
potesitiaieo bécdrﬂilﬁnﬁ[tf&éd @eNinvolved islets) were explicitly represented; one islet bin

which does not become infiltrated (i.e., uninvolved islets) was also represented. Over the

course of simulated disease progression, islets that are infiltrated with autoreactive
lymphocytes move from the uninvolved islet bin to an involved islet bin. These bins are

progressively “filled” as more islets are infiltrated. For the purposes of brevity, the figures
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outlined above can be explicitly anal yzed and better
under st ood through in silico hypothesis testing.

wpQasAapod4m certain i npl ementations, the conput eCTS2®E/009546
can conprise a representation of one or nore
bi ol ogi cal processes associated with NK cells,
including: (1) constitutive NK cell traffic to the

included hlalaMth ingladenrepreskasgtiop? pf oy whaistet bireislai 1)mdike rethaining islet
NK cells to the pancrea 3 regulatlon of NK cel

bing c4- P)/%hﬂfebﬂ?s?f’é‘?‘ﬁn i%rtn(‘ ., DCand b cells) and

[Ofp%ill :Vfﬁfﬁﬁé tlfe‘?n&hamkﬁa(s} that I@igrn@me $den Bﬁ}( Séfﬂ]):ulﬁﬁﬁlét 8t &4 of islets

at1on and apoptosis of NK cel and (5) NK
wilbbdoentednfifnatect (irowdved) Iainkndwig thgfwbmermn?mw@bwmw of islet

o G e e B PR AR S e

incB&F&ﬁly Byerétfod; NowengeCDai g OTE¥aT tymhighddgtes e ipicatdiby two |
|'s durin athogene5|s several hypot heses can be

indireeidinge pbeviflenca) ¢1g Plegkadeaf either cellipentlatipn eailysnglisgassgprogression
l1mi1t8 'ihea%(%e%‘clf oF Mkt %ﬁ&errfeﬁp $h &@qaﬁsf& Bf]ihraﬁ@cg %&g@cﬁﬂﬁ- {raish+ T
npac ntly 1

_ on responses to cur npl enmente
lymphbemelaad@masle{ DREG¢metetp Basahdmthesndabd, thdweaseof islet involvement
functi ons enabl es |nvest| 5%i' of the foll

can eigmEssTed gptinckh ek ¥ApA fBeeTren en-spesitic (B and CD8+ T
lyn‘éﬂﬂtz%}t'g?ﬂf élﬁ'ﬁla?lfogx '5%}11 G@lsk JeﬂﬂS? tth©1k1dt I REREE curve can determlne the

Ssi on e re at1 Ve 1 nmportance of NK cel
timing itk edseh the distiacti dsiributdd pites g(rsm binghbecams l(lﬁbtratdde(lnvolved)

10208h 5 RapfRorm o hapinet EPBRERTSTE: Qe i pl PRl ghfintaton of

hetla@gén&ﬂ‘y iR ANCHRACHiGitY &cplﬁiogreams andthd eﬁ’eMQif&bteﬁjg%ﬁélty ¢sh
the progression to type 1 diabetes. |n non-autoimu

thesem&umre@poan & furthescaables mvesiigatieneofibe v\?éethvetqf@tjrqmehﬁnem
and cells during the life of the animal.
Un??ﬁ ﬁ?%g&dﬁ%%ever di sease onset is characterized
by a cascade of events that perturb this honeostasis,
resul ting. i Bifectibiegntigeicpool | oss of b cel | rmss

[02/§|é£ E 3 g%%@lzagltt/%&tlgwn%gg F nﬁgt{tﬁ{egt' n :[\ﬁ%l? gnsq%rgg dlglbe\{es For
ex%&ﬁ@t AuGRREEIRhBEx i gb}@) 48 AG1IBREH BdlsRITRed rﬁajbh Butoantigens in

contributor to di sease outcone. Hence, the
thei diyslassprotess besedan dutanetibedyi prodyntionadé (T 1mh%ﬁeteenonses

8 L oA G R b B AP G o

cloﬁﬁssﬁ% 2., SBOeEpSndgstaditatchite bathencdiflorhvesn sburc® dnd representation of
ication and b cell deat h. Therefore in cer t %{1
cSs a

dlffemnt ententialiaugraatizensethe S mequsadsims| L diabetesgrodsl ine

generalized, or effective, pancreatic antigen pool. The use of this effective antigen pool also
facilitates the capture of the full diabetogenic T lymphocyte repertoire, as opposed to the
response at the level of a single diabetogenic T lymphocyte clone. Where appropriate (e.g.,
implementation of a therapy targeting a specific antigen), specific antigens and antigen
specific lymphocytes have been explicitly represented.

[0294] Where appropriate, the differential impact of soluble vs. cell-associated
autoantigens on uptake and presentation was considered. In the model, the production of

soluble autoantigens depends on 3 cell numbers and insulin synthesis activity, while the
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representation of one or nore biological processes

associated with b cell replication and/or cell death,
wonadewd9sag: (1) replication regul ated by age aRdT/US2006/009546

gl ucose exposure; and (2) death regul ated by age, cel

contact (e.g., Fas/FasL, perforin/granzynme), and

sol ubl e nediators (e.g., TNF-o0; IFN-g) . Additiona

progRsuciosf o] SuArEes e Rede aRofi ofgagploRe Sells and
thelrate %@%ﬂégc%@/si& %)&M?ﬁﬁ@@éll?x afd maelopRhs eI aliRESaltBndlive antigen

i nsulin, _ 0289] Representation of these
sovremiestpiothresese a ¥ celdidapeadeat sqwessefi aytaantgeromay herepresented.

followng issues in e 1, di abet at.hogenesi s;: .
Depit B It ESHEReS, Apd M Ep e RSB R L B RRE Blepe i C-antigen
cofiflekesd@idh Parylng)effidiendisqrpendiig Pl ikl antige sovlbcecdid!the presence of

turnover; and (3) the inpact of therapies that inhibit
autgantibofiegest ruction. 8. Distinct distributed sites

[02@%@' ﬁ%}é)&%&ﬁatglng&%ﬂése FRBords &iagfégtir?vcesﬁ ti%n%?ﬁf‘e%ﬁtive roles of
characterized by progressive destructton of Islets
solublt Ivk.reetltassquiatal @acanti@aeinndjvitg ths pewimofund reaetisg of the timing of
het er ogenei i s, the sinmultaneous presence of islets .
autpﬂgfgela g£f$ééy gnrd %tﬁ %m égg,asp ﬁfqge?qsg)tnegnd otf the alerapeutlc effect
in tatBatiRY SpetEf anti@en el | as islets that are infiltrated
(1nvolrved) to varyi ng degrees and show varyi ng degrees
of b cell destruction. The representation of this
het er ogeh®i Glpcaseccontxpl dynanmi cs were critical for the
u r.epr | on_.of reat.e I Se .
02956 TR oo RlaBBHELA R Bl BBl By 1 S RSt B sccretion by
B celep rrrbuarchflimvulid @éledseclepenidt b itie grackak icogeentratio:s t ThCiimpact of
distributed sites, representing. islets denonstrati n% . .
Rwsi%%lﬂgﬂm sgrstion was alyoinplideds Thepglugose concentration itself is
| o . "
regB Y ) B den A She B naEh ThECHRIRS nEn s 2p arobH Shlar o
thepdassicadtiininial hnetls]l’ acpoteseatatie odieee parbinketersafoe gluebse effectiveness

i stinct points in di S roogression. N ne jslet .
andichatipfiy e i v Qo P E GRGun AloPR Bl regulation of
inslilin By gluc8eluyRg dﬁ&b@c}ﬁb oo &RinkaBlel the JrEREESEMIRY changes in

one 1Slet bin which does not becone infiltrated (i.e.,
B celhimassandelynetiinealert iecnlating glucops aybimswlin cadeentrations.

course of sinulated di sease progression, islets that

are infilgtr i th aut oreactive | ynphocytes nove
fromt heﬂjnﬁfi\jog}“\"/vﬁea CF‘gﬁ et bin to an involved islet

[0297]. Ehbehelidicells mpalaerthgemssofigilymidaidr) eells iak thepancreas, and
islets are infiltrated. For the purposes. of brevi t?fp’ .
sorpqotentinh fhestnrutierdiay e REBend tonkpayte-gerothalish iwastions oRge major
- . I | . 1 k
forfio P e §iferbRleXnadthicl B (JHegubREHE SR Gl BHAE loukooytes

thr¢u@PRrthedive interadimnsre haentasnfrp)enhdradtiotss the nomputehmode rogn

articular islet or set of .islets will becone . .
COMHRHSE1 % TPRICET R WA 098 §F MO RAlREERProCrSeR RSP ER it sadothelial
celdymemiifig: Of) en8bt@blial adhesion molecule expression, regulated by cytokines, in
the pancreas; and (2) regulation of leukocyte recruitment to the pancreas by endothelial
adhesion molecules. Representation of biological processes associated with endothelial
cells allows assessment of the impact of modulating endothelial adhesion molecule

expression levels on the efficacy of therapies.
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infiltration (involvenent) have been characterized.

The control of said dynam cs are inconpletely
wanaeretaed; however, CD4+ and CD8+ T | ynphocyPes/Ua2m@®6/009546

inmplicated by two indirect |lines of evidence: (1)

bl ockade of either cell population early in disease

progression limts the extent of islet involvenent;

and (2) 10r Bﬁfaft@fegaiatdm’pewge’mgs):m+ or CD8+ T
ynmphocytes | eads to islet vol ve Based on

(029841 Kone o ssiscd iYL BTN CCAGieDS AR iR T
cellﬁggb’_ese %}fs&%pm%EPl%tthé/ P E0F (ﬁb&?@f)l%@re@ﬁbh %Hatﬁﬁ?ﬁétﬁd)g‘enesm

ocy tes I1n circul ation
limi$ pRspessien it i_se,swtalﬁti‘p]n@b%lpeﬂ; raud lmnémmthe ciiicaey @ﬁ smne therapeutics.

Nurgsried E"Ibﬂ@et%or@ et ey Paiichl e flnite Biliatory T cells (e,

NK@ ﬁgf{’ b2 P4k ¢ eptiRipoRANtad t}ﬁiJeSlt dialsdtes pathogenesis in
i st ted sites enab es the appropriate

the Nem mm diniaddition, seenecthegpensics yayrac akleagidn patts thyopgh
r d f
ot AREE A R S B P MEN froo

fatoH?' Sytbiahéy, | %{Iﬁaaﬁ td Wéo‘imﬁfm tor Iﬁahmgmlamryu celbtypes. Thus while
distinct islet bins. 9. Effective antlg ooI i@ﬁn

son&evgmlaﬂorsapnwéa’ﬂmg émnﬁﬁﬁ@e%é?haff TR 0N
1nd1(v¥§[3}ly, Ane %Ha% ahtglz OF ifts APl fated déﬁl?tﬁ%‘ ﬁoﬁ%@hp farybeAcptured by

|n are consi aered mnmj or autoantlgens 1 N
moddigdi @)@fﬁﬁ@m pmaim thatsed timoughy c@hmtmagd heseeretionef regulatory

cytalfnssy 6 TRV BV HBRE § ot C A FelIt dreay DOrareh
chagAf ?ﬁq%tgse g%lg 1 RRERn{ KibSets oBRke 5éguléf@ryf "RE&llsi dndtoeas lﬂlSeefocus of

erent data sources and representation o
thidpdputatientn ﬁxetrmﬁeﬂ aHowavaathe Njehsell }méawaﬁ@@pgéwplyﬁ’@d qnd used

di abet
e e e
[0299} | GEErRAPImAbHehthRsHs] the @bmpuﬁehﬁlodelpiah rcompfisé meepfa,sbmtatlon of
di‘abet ogeni ¢ 'T | ynphocyte repertoire, 0 2 1
ong wencxeéapdn@ealaxroqqa%e5|aéw@1at@fvvléh A RGBLL & a‘gﬁa ineTuding: (1)
act}\%ﬁ‘glé ﬁ)é%%gixt a%k) %Qf? $XPO -Gnd QR QoHth ALe t}{e%aﬁcmatlc lfymph nodes and

herapy targeting a speci
parﬁ:i’éa's %@W pop e dynamédstin g&rmnaﬂea‘tlcahilmpj;ﬂwdsp emlﬁqhng influx,

prwﬁ@g@rggéfégg\ésg g}%ﬁ,&é)eéggtﬁcl L R esﬁ'beipag?reé s, mcladi ding influx,

pro\f‘?eraﬁ&{, g{l@%}?}éﬁ%ﬂ ‘%@ REA8RbT fisle %diél@&r@ kethePencreatic lymph

presen was ‘consi dered. In the nodel, the
nodusedd phnaeasdk. gs AIGRBALaLR, dark); (Grmoduleien gt amgigen-pegsppting cell

nb d h
fur{l?}@% ?1{53 nqeglrf;r(l)agac{:@l tﬁg ﬁ@g%ng%@gﬁ% ?&eé re}{lavgé%cgea}s and (6)

suﬂrp%é{o%ft? NN RBIY R o 1yaRpBBERt fthclogeihicughrell chrtact in the
fe of phagdcytosi’s by dendritic cells and

pmmmaﬁmﬂhmgb90&$®mdd@n@§%;alternatlve antigen source

[0%@ B\Eecf gﬁ? ah érma elgula{?)g?{f%gﬂ SObuSOM GPrddh) B GRithl B8he
accurate representation of regulatory functions affecting disease pro gression and also for
appropriate responses to some therapies. Specifically, the dynamic balance between effector
and regulatory T cell populations was a significant determinant of the speed of disease
progression, disease outcome (no diabetes vs. average diabetes vs. accelerated diabetes),

and therapies with preferential effects on regulatory populations.
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Dendritic cells, macrophages, and B | ynphocytes

capture antigen and present IHC antigen conplexes with
woaoosimags4ef f i ci enci es dependi ng on the anti genPeoWISE®6/009546

and the presence of autoantibodies. [0295]

Representation of these functions enabl es

i nvestigation of the reI ative roles of soluble vs.

| -.associ gt e ut o driving the _agut
10398 ReBS St icRg Hesh s RS crPles egisheion af RieyPIPpype tssues in
typBN dikbetes PARRGENRNR: () IRARMRE QKB of BPPreSfiod Bﬁ‘cytoklnes
therapeutic effect in targeting specific antigen.

vergis redisentagh (#)che fadade|commbutionl ef diffiersnt sippresson qyltqlmhes to disease

sent n.of insulin y t hesi ecret on o)
mof GRS 8P irthact AR b In RIS R BEGGE it imhate
1egna qaxmgncentratlon The inpact of ROS/RNS on b cel

in secretion was al so i ncluded. The gl ucose

l038%h c §ﬁwlateriéiﬁplﬁl%pfthp W@q@g@ﬁ@w Byeell pepulptionieschecised to
derﬁ&%tfﬁe 10 asgﬁgfafl%&%éé 'v@ greglgl ?)Pg ECJAn&bﬂ"tlll ate of

m ni nra ation
disese @r@reﬂssmf Specificatipsianaté f@latmgﬂeeeil dapittivanesults ¥ ér;hanced
tified. Thi ntatj on Iloms

t
XA AR L o ol ORBHORS TR 89 HoRgh WHE SUBr e Agelcrates discase
pro%'}e%ﬁaﬁ eLPE i%Gfe%S %&Hnﬁ@ deRMAL S5 cél];‘[goﬂ%[a@feh Gk Q&nosfet !qu\from the

changes i n mass and fdncti affect circulating
beggmrunggétharsunmlmmn i Relatovedte the wmamipulated viratioohsd, thel innate

| | 97 ot heI cells.re t.r
reaf S T Gt e e op e e BheT ity g oRsion in he
PLNQFEGISAY. THeema F&P&ﬂs‘i{ﬁl BavieroteArgedtbél effector cell populations (data not
| eukocyte-endothelial interactions. One nmajor function

shogfn)¢ We agasidt efdkis shidia dhakalange of seguiatery and eiffégter eglls, thgevirtual
molidd ddio gfrat‘eé 5)9&:&31%51!68 ghéegi’elr(%‘ft}ﬂenen:da bl Iiha%?l’%&ﬁ{g it 15 weeks (FIG.

I'nt'er act | ons certarn I'o0NS
8B)mde| can conprise a representation of one or m)re

ol ogj cal rocesse associated with endot hel i al
0384 iﬁls iRqnbign fep meﬁ‘;ieéﬁa?@i%@mwermf@é SeRyese piyrRber of
pu 5&"5‘(9%)?‘&eﬁﬁtlv l?gt'ﬂ sqgfe? Fﬂ[ rﬁ:)ﬁd@lﬁ' SAESF latdd-Sc I8 cBﬁE ﬁfe ﬁﬁ)dels

regul ation © te recruitnent
CoVgEng a@wdbynyquﬂllysblogicahmmso fin midhaom Itcemcludlng a model of type 1

ent ati on.of bi ol ogical roces ted.wt
diohi R AOPPaTn BinugH e S eUaS RS AnGURE Fifpes, b pxample
epif@Hieldidal Gorapetet MeddlahnPpHIBSIeA Qoﬂﬂh&@ eRX FoL 8§ i Mealthcare,
| evel s on the efficacy of therapies.12. Innate

compiien raedsls can beedepigned tprasglype pdarge puicher dfysphierie snd digrapies. In
sonqe ngﬁé%e%f thb ¥81%8ﬁ1ie9}n%$ e§§n i&% H%dqﬁﬁ}e% gl%%/galr{ﬁnﬁ%g 8%‘ \gathdated
v1rmﬁl p‘hﬂ%ﬁt@&ﬁd B iginRssthelt responask e Qﬂar@élﬁthﬁ‘@@ﬁﬁmeiaples.

[0304] The invention and all of the functional operations described in this specification
can be implemented in digital electronic circuitry, or in computer software, firmware, or
hardware, including the structural means disclosed in this specification and structural
equivalents thereof, or in combinations of them. The invention can be implemented as one
or more computer program products, i.e., one or more computer programs tangibly
embodied in an information carrier, e.g., in a machine readable storage device or in a

propagated signal, for execution by, or to control the operation of, data processing

apparatus, e.g., a programmable processor, a computer, or multiple computers. A computer
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limt progression in resistant phenotypes, and nediate

the efficacy of sone therapeutics. Numerical or
wouowiowesaal defects in several popul ations of PONASE06/009546

regulatory T cells (e.g., NKT, CD4+CD25+, DX5+) are

t hought to be inportant to type 1 di abetes

pat hogenesis in the NOD nouse. In addition, sone

o G b maG, S B2 e gt B8 cn e wrten

in 4A5GHAA 0S PRografhingdaipuags, ivclelifg compileordhtefetel #in@ayges, and it
cyt oki nes, appear to be common to nultiple regulatory

cancly deplayjsd én amnfesm, ipgludingss Restand ploneRsP grapoNs s atneshide,

: ' cie . : . .
cofffsh USSRt heEBl REABLIBE I 5ty ORAShAR. A
corhpuitait grogragiidlads @by ngesatibt doorespardrio hefile.aptprogrdminan be stored in a
nodel | a co n_popul ati on that act r h cel |
POTEigR A8 filethdt holes QBEIPEGRSOF dpiagh bR %M%%%P therogram
in wrﬁbk %ﬁﬁWﬁdiﬁ&te@@f}eﬁ@%Sﬁlﬁ t&lstote BA&OL ﬁf@re"iﬁ@dules, sub

aracterized anong the drfferent subsets o
proigramas, er pediohsiodeode)l A ebinputgnprogean thebd depleyedfto baexecuted on

onf St rerme AR FREDlere 085 i HEVISS Bl mulipte sites and
intérebtiebRBByialconimidiicdton@ebdiRct from CD4+CD25+
regulatory T cells. [0299] In certain inplementations,

[0306E ddbapracessespaiblogicip priked in this ppestfeqstion.ipeludipg the method

one-.or . mre bi ' [ |
stepnfaP b BEhERupRE BIERERE aftRe ittt bibcessors
exdchting ghe @fm?@emﬁqmmg pw@argmb pwfolrmd"m%ﬁti;m of theltiin‘&_ntion by
pancreatic |ynph nodes and pancr eas; ul ati on
oPHYgPE IR A4 RIhEFETERE BT bk Praaﬁéé?s) ‘?ﬁgg%}ﬂi s can also be
peﬂf&ﬁﬂe‘d;f{yr %?]@%Jfa% df9fe in@ﬁl‘&mnoc%h%e iRAPLnfnt ;da_s,( sop)egialf urpose logic

popul nam cs I n the pancreas, Including influx,
cirguity, d. g1 at FRGA (fieli mpgposibss gageirag or en iAGIC ¢aprlishiidnl specific
. ,mediators .in the pancreatic | ynph nodes and pancreas
lnt?%?“ﬁa,cm‘r‘é&/s, IL 10, IL-4): (5) nodul ation of

[0306] | PesreRiopsfitabRILEE bxdddfieh bPA cbhip@eBproghint ineRIAEAS) way of
in"the pancreatic |ynph nodes and pancreas; and (63

exangplps teosls generalfand spesidl puese Bli¢ropraAkSEs| ARG O 6T MOre Processors

or 3ERE BE s Y KnB et G PRRBLEM kPOl

frofhE@tad balyYYmdm66/ dr apanddndhéw@ss hiehosgs) botlasThe essertill elentents of a
the accurate representation of regul atory functions |
compHERMe AProTesIsdRr GFeenedaTtBIetigRyang ans or Hrorg BlspY fgyiges for

sto[;igg g%@é@%%r[s%na AR, (REARLSS %oraﬁﬁ&] WG %Cl(l:lteiF,l%r R RPBafively

ween ef fector-and regulatory T
coupdalioatedvsdata from @itgmifer datato, debethpbmant mofe mise sopagedievices

of di sease progression, disease.qutcone (ho .diabetes. .
A ST SN SN —
suitdB& RP 'eﬁl%oél‘ﬂlih% cOBhEF SOkl inBirh@foh§ afd d4t8 Shélh@leQi ¥forms of non

populations.[0301] Representation of these functions
voletilbhersoiyninebidingby way of exanwle sanjicendugtor seameosy davices, e.g.,
EPROM, EEPROM, and flash memory devices; magnetic disks, e.g., internal hard disks or
removable disks; magneto optical disks; and CD ROM and DVD-ROM disks. The
processor and the memory can be supplemented by, or incorporated in, special purpose

logic circuitry.
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type 1 di abetes pathogenesis: (1) the relative

contribution of suppression by cytokines versus cel
woanicaots44 (2) the relative contribution of difPeraso06/009546

suppressor cytokines to disease nodul ati on; and (3)

the i npact and optimal adm nistration of therapies

targeting innate regulatory T cells. [0302] Sinulated

osH9P" TheR8687 MRt ik BRI BRSO BR b on o
corgpitedia0ingesdisglegadaé s, @e(tM (@AY de@hp tibBFor BB (Ruid crystal
di sease progression. SpeC| fically, innate regulatory
display) memifrefor displeying infprmatieivdhe T anpafkeybosrdind a pointing
I | I
coff EgL ARty SRR OFRA OB UEbm Ay g g
Oty kinde of devdtes cae felhisedd provideefor inperpeticat with a e ds@edl; for

B0 R PR 08 St R b, .
feedBHARL &dit@@“ﬂe@dlﬁ&l?{ of 15814 fed@dck] SilinPRYRAN ﬁﬁ%&s&ﬁ'x%%écewed in

Si gnl ficantly el evated Thl expansion in the PLN
anysﬁqpn impladiniglacevgbiarspicoh, pstanithrmméd by other effector

10381 £ 7RP YRR 1R AEb R Pl 2 XBpotiie St ol Back end
coniftent, &gl ab a ARIASErvaE 0 At iRhRIes 8@ %A88eRa-QdnPoR6RSE
with frank di abetes manifesting at 15 vveeks (FIG %B

appiigagty semver.or ithal dnplyden ademt preqiaRongN’ mglae:h@@frmmter having a

R B MR OV R S ALV

impimdﬁitaiiarmf&he imyestidn; onghyr @lﬁﬂﬁnaﬁonﬂﬁ)ﬁﬁﬂf%a&@leﬁ@ mlddleware or front
st ens. addition tq including a nodel of ty

en d%g{p@pggs ?heecg?gqnng gﬁlq e ( E@W@Gﬁ%ﬁe’&%ﬁqu any fom or

medGBHIesitalBae oS mnRMeddties e. 4. O c&ﬁ%ﬁﬂﬂc@t&oxﬁﬁtﬁgﬁ %}%ﬂi g of

conput er nodel s and pat hogeh conput er
comrnumeeaiomhmm@ks twhplgtadocaledte Instveak (HeANBsingreedidearea network

« ), e, nunber of subjects and therapies. In
(“ﬁm ?15%@% Y he conputer nodels can be used to

[0309]e Hrlﬁ: @nﬁlﬁﬁﬁg spswm%n afchyd! diditk afd ¥érvédals drhi ﬁrats%rver are
and to sinulate_ their responses to a | arge nunber of

geneialy spmels ﬁomwh]oth% ang ﬁm@dlmmite@ﬁaﬂnmugh@f contpeunication network.

I, specification

ThoRRRARITLS ARG L4 A RS by p L B Bl Bt d Py fom the
respienti veocopyiuders and havanga cﬁaammmenelamironblﬁp evedch othedcl udi ng

the structural neans disclosed in this specification

and structural equivalents thereof, or in conbinations

of them The invention can be i npl enented as one or

NOTE, MAAROMSST ARSI D Rt %fpéel DifbeLr NOre

comput er pro%rarrstanlblye ed In an I nformation
[03BHr r@eg aspect@l the inventisagovidesreeathaibirdas¢donatt)emdiieal capresentations

of tlllg]blglogy related to type 1 diabetes. Each model includes a set of nonlinear, coupled,

ordinary differential equations that describe the network of biological components and
functions relevant to a disease; a graphical user interface that provides a visual display of
the modeled biology; a reference and rationale documentatioh set that enables researchers to
view the published literature and rationale that support modeling decisions; and a research
architecture for conducting experiments in silico and managing the results. Development of

computer-based models of metabolic diseases, such as diabetes, are described in detail in
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propagated signal, for execution by, or to control the

operation of, data processing apparatus, e.g., a
wonowroasssabl e processor, a conputer, or multi pPeT/US2006/009546

conmputers. A conputerprogram (al so known as a program

software, software application, or code) can be

witten in any form of progranmm ng | anguage, including

o SR S B SRR 2 Do S 2005 oseass,

incBRENARAEINDY r@fep@féyk@ns &fpggnent, subr out ine, or
other unit suUitable for use in a co

(033D bn Resme of fechopissbmogelog Aalineddeshnarsiote cbiar ciicl)

G RR mefbohFAR S R GRRPRPTEEL) fpoasiin e

dethil nded®t f@teprddukce titaltsieal Bshatiord 416 aalﬂﬂags @p’éciﬂi: rqseaﬁdhl Iﬁﬁblems If
or in mul t%%e coordinated files

spestfisrdataptie laskings fhe mesiel Pess relaigd dﬁtac?@%l &%eralophywﬂqgl% and physical
prngé(lgléé:sj Fo%o%&ecaoéggféfnel H3HaAGE &)%lef%ﬁt \gﬁﬁ Y&Peltea Ql?(come

er or on nu e conputers
[03a2F 3fitteal @atichts twhlﬁuire deﬁn&&hssthﬂmhddebécplaﬂommda@emﬁed set of

i nterconnected, b gvv nlcatl n net 0305

assprIgicd daramnelny ya|usti age e &g ‘E)ﬂ? PEaPeGiLie H?tkf’l"t phen]otypes and can
refRRES FehR L1k bbﬁ‘cﬁflld%g ¥@§ Hl@@asg?é\réﬁ@y i eRentQhtel B discase

I nvention, can oF ned y one or nore

Pfqgrﬁgwahwabffaept dlsms patboldmmmglesge@q@ ymphoege clspendest vs. B
1 rogr arrs to doerf d%#{nc L’gﬂﬁsﬁ‘f%?ﬁfgé‘éﬁ?éﬁ%e%godd ese

rep%s@ﬁ@ﬁ&%ﬁar@fb@lmh@ Girfual QWS JaGNRs #lrfinl PRidpES dro deRtbged as described
paratus of the invention can be inplenented as,

in @ﬁ@@p&oomo@ﬁ@@g pats ef pasgineters widl g seleg dPIP@RT?SPme‘rl’cTual mice
r L r

oDkt A L B S0 o e,

rat& of <E}&thlhﬁe fn@ﬂuctthﬁl exmﬂqidpalatloﬁ nambersu fiafctipn oFhaparameter sets

R B e
1an§t f8R0 Erfchﬁfm?‘ﬁ‘ﬁ(/eéﬂgﬁﬁo&fof%&héeﬂhe&ﬁﬁi@ﬁfseahd dgféﬂ@ﬁrﬁ'édt)éfpotentlal

ocedsor W receive 1 nstructions and data from a
thaammm@mly menory or a random access nenory or both.

S t| al .el ene
0333F  ZxE6 e fep FrERAO: Ol ATBHE DL sl ReRGRgIGbed t
rept@¥hiCRd uhBérsh@ Ehé}ﬁoéé’é%srtﬂéttcbﬁ@ﬁ)uﬁﬂﬂ deRhsd pa@wgeﬁ@lsl ahd
a conputer will al'so include, or be operatively

heterogpneity. tAdtereate liseasd aynothessarihot a@qosm e vargpdility i theglinical
maaca}%:statlo% 5t 1 d&?asg P%c%ﬂg%?};e%% Q@%lg;lgl&g%taf%bﬂ}%lolo gy can be

exﬂfﬁtﬂ}ﬂﬁbreﬁd:rﬁb’& Ohcﬁf 1ﬁ{p1la'hd:rﬁéd ey efffef:t of &ich hepdtRediodn disease
enbodyi ng conput er ram instructions and

ouiHEPL AR bR PP ENG Pased on e vl CHRSHBRNLS ?aﬁgaelﬁaﬁlg@edof;?
disHAYud] b%ﬁ%ﬁ%&%ﬁk?&@&ﬁ rrerthgfgﬂyg%vﬂﬁﬂé tSsilic ance for

nory ‘devi ces; magnetic
impiosédundergandingefeheahddnbying whtlsdphysiology.

[0314] Additionally, in certain implementation, the colony of virtual mice can be

expanded for use in research projects on NOD mouse biology and in the evaluation of novel
therapeutic agents. For example, virtual NOD mice can be developed to represent different
phenotypes and the diversity in mechanistic pathophysiology within a phenotype. The

behaviors of these virtual NOD mice would be consistent with known pathogenesis and fall
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renmovabl e di sks; magneto optical disks; and CD ROM and

DVD- ROM di sks. The processor and the nenory can be
weuppleysmt ed by, or incorporated in, special paTSs®6/009546

logic circuitry.[0307] To provide for interaction with

a user, the invention can be inplenented on a conputer

havi ng a di splay device, e.g., a CRT (cathode ray

.fub or L liguid t.al displ it .
withindf ipen s Tampurdseresiey B et o SpBihe MR iiona i log e
ref@eR@I NODNHoEIRY ReBresénttive cXafples Of Sichaulfefrati®irtual Mice include

whi ch the user can provide input to the conputer.

carlyt dissaskpmgt laj¢ disease oasetcand rpustareedo disepre et rqagpnable lifespan of

thei ngu%g.acti on vvith‘a user as well; for exanple, feedback
ﬁow ded to the user can be any form of sensory

[03fisEd b‘lﬁé hlfveﬁté%l alsk()/j)mugles fmﬂd:ldfaok sinaledinigaype T dmblétas; lsaidanethod
tactile feedback; and input fromihe user ca e

COTPRIGSSE GRAFUHIAL aﬁympaﬁeWOﬁ?l&%ﬁm%lgdlaE%%ﬁ §°f§1?g@§ﬂ‘,’e- dilethods of

sinlfu%ﬁgrfglécg%épf Bitbeted S0 hdNRIPMNE Bh I GARRR phTBESR TE HeRSmputer

uting systemthat "I ncl'udes a back end
modeintp @rrerbte assegof ovtutarepadsantigajsrenotype phithe biclogigaleystam. The
oS Gt R e s R Rl e
mefRAP ¥hLfurihaVinbkida a&feﬁﬁﬁ’é GRk inpue Epejcﬁ?ﬁ'gfo@@ or floré@péieters or
e

browser through which a user can interact with an ,
varighpdsensaciased wiih ohe emorermathematical sapresaytationfiirivate execyting the

cors e SR e R BpuRonlek e FRGALR AR ientor o

defafitiod Of the Qirtuepiowsvobf di gital data communi cati on,
communi cati on networ k. Exanpl es of

e.g.,. a .
[031i5hrRneing; tecasmujgsTRade] REQCUERS o5ct BRGHIPUS af afiplpgiopl system

n 1 . a n 1
ok by Wy TR b g st o
thedivlepics] sysidns ee.y thesimlatedisebiectaad] imehndes vaues ogether aidigia

oS S T B PGS 67 P o
scedRFo. SESVEanpld, 8 Pheldypt i kaiReRhted OFRMMLRE a4 PAHi8UIEr time. The

running on the respective conputefs and having a _
beluvicrof theeraviebles &l imitlatediivp farexample, mutherical g1 angbtisghigtegration of

of Sinmulating.Manmalian Type 1 X ahet .
on ;B pheRg e s e B0l AR AR obihelay Ffous times and
henBatthesrilitc oftRPplasetipabvertemel the biology related to
qt%ﬁe' 1 di abetes. Each nodel includes a set of )
[0313h| The spmpeistprasttablersaftiarscade mpmeriatlvatolwss thg mathgmatical
coldly FERE BB EELHRAS BLIBLEL G0 S RANGR, s
the dohgyute@egedutabie sftwaire esdeacanifseibifatediisymlliastionf andmganipulation of the
nodel ed bi ol.0 a r_efgrence and rat

Y, | onal : :
mo@@km“@rgtqngﬁg@‘e@ss?%gtp BALRAELeLS 'goeg]ggi[a&en(gférepbpatlents subject to a
variety of stimuli. See, e.g., U.S. Patent Number 6,078,739, entitled "Managing objects and

parameter values associated with the objects within a simulation model," the disclosure of
which is incorporated herein by reference. Thus, the computer model(s) can be used to
rapidly test hypotheses and investigate potential drug targets or therapeutic strategies.
[0318] In one implementation, the computer model can represent a normal state as well as
an abnormal (e.g., a diseased or toxic) state of a biological system. For example, the

computer model includes parameters that are altered to simulate a diabetic state or a
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view the published literature and rational e that
support nodel i ng deci sions; and a research
wancadsiovesat ur e for conducting experinments in si PCTWS206/009546
managi ng the results. Devel opnment of conputer-based
nodel s of netabolic diseases, such as diabetes, are
described in detail inco-pending U S. patent
progpaskion adwards herdigtetibetatel W}ﬁéﬁra'ﬁﬂéfer dbeindes S esprasnt fdisease state
2003- 058245 |ncorp y reference in its
aredypipalt grod %ti%]s %@6‘3@“& dﬁ“?“ﬁ?%?é IVobtRe| in pglisease
e
S O P A e orh 3%8*“*1%1345%3 S Beshoo on the
undﬁrlyﬁrrg;;hylsmlctgye Bynsiketieg anchaltdnmgdmb ar hlomepaielﬂleteus, a user modifies a

0 e desired d address ecific,.
nofr 8 ST s Aaiser e U PEs Al BRI, et or
altéfﬁ%ednel&%ﬁ)ré shiahRebrdRtRridRtedRAGhAlcalPysi ol ogi cal and

sical principles to produce a systemlevel behavior

[03(13?4 silg th@rmewlt mnbcrdemem;sé thesigvenitonoyasiouf mlﬂqmamcﬁlt ngkations of the

e del at nd
coffBUisEbRot 0L e uGEDER dtped B BB A B8 n Botved
nueN &gt dodnyrxd] L@fl’% sme@ﬂdfalg:ormhs wproﬂﬁ@mﬂua@% vadidbles at one

can reflect different clinical behaviors (e

or FPEtABes Rased pp the megificatioan Suehvelyesof the g@*a@ées can, in turn, be used
to @g@g&%ﬁ%ﬁf’s@ LetOfF r&iulth gf R &l's &ﬁﬁm%ﬁ&ﬁb%&ﬁ%ﬁ%&és ogi es

nphocyte- epen dent’ Vs
[03291p lome ot exdre dppahpiehtsiin co@mmaionomith the cotipeteNGdodelotaade
e .represe tatlons ar e

crep el e i e P Eisal B G 1 Apgaied 4t igHad pagameter values. A
diffeuR hvRRAMpARnd8SLEd é}gged E‘asls@og Q3m AP SRthal palichf l?}f Bioducing a

sets of par ameters w | be selected to repr esent
modifroation tonthe @nmltmﬂmlm@mﬁxﬁumulmdaﬁcamn che gclydgsfor syarhple, a

d f
S AR el L S e O
alteHpRR sped@fyif g behial 8 of diteoriaée Vatighles; alierirtedr spbdifyifid\6Eor more

virtual mce will be stored in the nodel and used In

fungtiprs repiseentiag interast ensgunqngigriablgs oy @icambinatien thegead] Knydnstance,
On(f%hﬂel? g%@%f&?rg@ %F@%‘Jf iﬁ]&lﬁﬁg@’e %&%ﬁ%?ﬁem@ rth}? bhe @Ite'aéh based on the

initdd] tvértued betiant by lsahlﬁ‘g@t]mménmamd’ﬂ&mdet/ﬁlweﬁhdtaﬁenng one or more of
repr esent and unde stand the processes tha tripute

thetl’éltl& %.%‘Eteb‘éﬁ Koy e&ﬂ&?@“’éﬂ?&raﬁ&‘%ﬁ’&g’éﬁ &4 3%163 ppexample,

d1s91'o§&13i§QJ Rypat 1‘118563675 i ﬁf‘e@@hﬁ%me{tﬁfe MBI A Jalde¥ chibd BRuped

clini'cal manifestati’on of the disease or uncertainty
into éxj&mht nqs of parameter Ivg'lucﬁgthpmahdvp hlygi ol defipe dsffﬁrd:rﬁ V1rtual patients of

theé‘pgaé)gﬁeﬁ n]%{)?ﬁ{é gf? ?I%%Qp&]lcg 1@%@&% é’ﬁ 1tself can be created

based Bh @hSMer ARdallRsest €13, tahﬁ‘ffé@ﬁtlihftfal VIRMRBSAtiEE!) 1S a GribAn&ies
deS|(gned to distingui sh between conpet i ng hypot heses,

diseyseeeaBpVvpr ovi ding in silico guidance for inproved
[OSQTF € Eﬁt‘eﬁ{&%b&& c?J 1ntc|31%uﬁafjo%c loXé Qﬁngl%t\hﬁgﬁ Bf)iﬁgrlt? Pine computer

model can be created based on an initial virtual patient using linked simulation operations
as, for example, disclosed in the following publication: "Method and Apparatus for
Conducting Linked Simulation Operations Utilizing A Computer-Based System Model",
(U.S. Application Publication No. 2001-0032068, published on October 18, 2001). This

publication discloses a method for performing additional simulation operations based on an
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[0314] Additionally, in certain inplenentation, the

colony of virtual mce can be expanded for use in
woesmwsaneid4 proj ect s on NOD nouse bi ol ogy and i nPCIAIS2006/009546

eval uati on of novel therapeutic agents. For exanple,

virtual NOD m ce can be devel oped to represent

di fferent phenotypes and the diversity in nmechanistic

. .pat hophysi ol ogy within. a phenotype,..The hehavi grs .of . ..

ini B ERGH G it o N b R HIGrERads UA Pilaksigiption

opRBtAPLINE Dt TroREHmbals ivrbdlicBd.t Behe pRentRinbo@ResH: 8¢ the invention,
responses to the set of selected interventions tested

sughrpddifinplesimnlation onaBtions.isa be Reqst tosesntndditeonak winpypksationts in the
copfids Ropdiraf St Qe sk at BB Wi AR simutaton

op&dfdn. dAnpadianabl Girtubll Reeacadbeichsoniitdeo réprésetldbpariibidar subject.
i nvention al so provides nethods of simulating type 1.
If desiaprb 0BS O BATLSIRMIANSR opepPnsIBYY bR fArmed for &iimp suificient to

| el . S n
oSk of iy B pOR YRR R YT I
virbpppatientisahaactetia¢d iy adecarahort vatiftdecurderidesubstadtiédiyt approaching
erate a set, of outputs representing a phenotype of
e@%ﬁE“WPSFgﬁ?3§ﬁa@V§PéthThe phenot ype canF represent a

[0322] MHyetb HeCotRErvad Hét%ﬁ%@ﬁéi‘tth W Eelinkidh] pREERAbN of human type 1
i mpl enent ations, the 10 nethods can further include

disheteepd thg linyted avaitabilitypd biviopn defaoereation ofelternpterriesl @etients is a

.pr .vari s _assqgiated with.one or r hemat i cal .
crBlh MR T8 H64eBStatthd e SRR rifcRA Rl e EPBbisfBh of patien
valestlite] &bkl ad iR ettsiaty inMheindetlyiei @tndadRitidstsi A thd redultant
. virtual patient or a defjnition of the virtual i
impgch o disrapep s PEFoRehntirgler iealisoiabuvisnal Ve miseodltrsrae yirtual
patge%tts 1@5 b vh@lticRs B RbLYLS re@é;%&i%%é?tﬂa?&fe%%ﬁﬁ%t@& with the

Yy t éyconpu er no eF. e se 0 outputs represen
respoutse hetenagenciphetsetwed és clidicdl dalki Booigstaade, shsteasrtheigeneral clinical

.the simulated subject, and. includes val ues or qther

trig] EplpdpTHESRARAEY Bhoy wnvﬂm talsrizalionn Betis fheraneniie regponges were

obBRYH R IR0 PR ARSI et fpresentation

of glédruate viatuabpgitentsi enablas theiimei/icd healbattomvdfdhergfeutin efficacy in

yariables is sinylated. b for ex | e, nunerical .or .
aishGi 5 Pr e oPpdiuffichs 870 Sy o B2 S emoon S B o Bl ctinical
tridl€| Piids® Alerhfte RirAY E@tiéﬁ@d WRBbd ®veloped ¥shg telsemeapproach explained

various tinmes and hence the evolution of the phenotgpe
1

forgigwelopingaltematevigtual meice o Hp test! ting eehorbef hampsrviviad @atients,
' . Bt . .
s TR LB R R BB Gl SR OB s

trafigdattbinkl efftats tbdevdlep teraicstibetype tdidbetes EResthabh®lel of type 1
'ﬂi}gf twar e cgde can facilitate visualizatiaon and .
diabglies pan iBelude represeptations of paeltipleairtual NEH2 mipgjand rtpal human
ciated paranmeters to sinulate different patients
pasu%fect to a
[0323] Various virtual patients of the computer model can represent variations of the

biological system that are sufficiently different to evaluate the effect of such variations on
how the biological system responds to a given therapy. In particular, one or more biological
processes represented by the computer model can be identified as playing a role in
modulating biological response to the therapy, and various virtual patients can be defined to

represent different modifications of the one or more biological processes. The identification
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variety of stimuli. See, e.g., U S. Patent Nunber

6,078,739, entitled "Managi ng objects and paraneter
woabusaesassoci ated with the objects within a spauiuaioen09s46

nodel ," the disclosure of which is incorporated herein

by reference. Thus, the conputer nodel (s) can be used

to rapidly test hypotheses and investigate potenti al
of tﬂé e & gleet‘tﬁolggwﬁl B@é%?éétdaﬁ bebhieRl By exa&bpleOsdBlinleftal or

ne 1 npl enment a he conput er nodel can represent a

clmmﬂ datla, sz:uemltlﬁc éu$emkatd r@sgltanf abmoputel medelor a gomhindipgad them.
Ong S5k B Vg o kS R o b e

patf%his‘i‘faﬁ de 'k:féafeki'ﬂ#l Riging diffaleet hedificatichs 06 oﬁpdiﬂgbmﬁathﬂnatwal
towards the diabetic state. The paraneter changes

relerﬂ@ps inststed an thesomputes madel, shech i o Arg Maematcal Iietﬁ‘ﬁens
3+ p
e M B 8 A AT Rl rtion
carﬂhcélaﬂ?! ifooeamiplela pafaimns clmingb leg dalssamgeor epedifysg one or more
under | yi ng physi By ,se ec and .alterin .
pargyeieh V@luﬁ%samﬁ gflt%éhwéﬂw%m redicp) alferie og el Yygpehiavior
of 6&%}%&‘6 Q/agébigsa%gocisiﬁt@& &itRfthd ﬁ%ﬁl’éﬁﬁwal hé1a@AE altering or specifying
enmentati on ecting or altering one or nore

onqnmmmretfancnoms amcﬂa@drwach ‘dnamﬂmmamall 1ylatipp3urg] combination of them.

resent e e _invention

?IHB% mggﬁ ruB gsegifont 38 %L}]f%rd{l%a/lﬁ tg)%]sf’or 2 1glﬁ: gsufﬁ01ent to
cre‘é‘ﬂeta 'sﬁtbfém bhfi d@ﬁ&ﬁ&ﬁoﬂiﬁé t teymbéi&. vi rtual stimulus,
- can be solved nunerically a corrputer usi ng st a@ﬁard
[032HY o QOnetaspect of the m@owmqyyés srethods ifenslevslogingsyaodsl of a non-
1ns{1[ﬁ1ér§piar %Ptb[g grg?]l&%f :tﬁ)% 1"89&{)&%% chg(?gr ogﬁggg? erﬁffylng one or

moré bdloghéll pﬂfceis%&’dsbéiat@ﬂ wiifhes f§ belbpormdtionin di ehstahe of one or more
measur enment s. 1%,0320 One or nore virtual patients.in

pammmtmndﬂusudew ingtome ot BrAsebielogins BrocessAs pEoplsq ath an effect ofa
base | I

noquHHP ﬁe(ptlace e at%éaa%ejp it orftt 1 &%%&&n Sn}a;tﬂk?ljéarﬁftﬁl f?e??&bﬁhfgdeach

bicdédit ptodcessto kgen@-ateme d)r h&ﬁ@tbpmeﬁth&onsmftal tudﬂogllcaltprad:ess associated
patient by introducing a nodification to t.he Jnf d

Wlth the B!l papylatinn andpie OFBRATE FPEEEBIATRRSP fiahiploaica I?rBFeSS associate
X I

Wl@p rg%#ect ofthe gér?%ﬂr‘as{l% ‘I:%&J@thgﬁt tﬁ&élg?rét r?gt[ i 1Vézi} uégé and combining |

theﬁlebl%ééﬂﬂzﬁldhﬁ o$ pREbibogital bﬁhassesm fofm tireemodel w6 @on-insulin

vari ables, alterin r. spec one or nor,
reprlmmepbﬁagatm@a,oéé ﬁ%@b?tPFt A de @0, 5 5D Featpentof tyve 1
dlaﬁ))'éte?b fe? H‘&Itﬁe“? Br E&ﬁéxﬁj ted'%gérﬂeﬁ§5@rﬁﬁﬁster9@f&tﬁé‘ﬁurpose of

virtu pati ent efined, other virtual

preyahiigg) Bk)wnng/omvemmgtth@omsmrogresw ofitiyp¢ hidiapetes.ulhie term “non-
i S B b S B L Bl St
ad¥@listetion A 'ir%ﬁﬁﬁ“fdr\’tﬁe Q;é}ﬂ@l‘fgﬁlq:fos& af bkﬁﬁroﬂﬂfg HJSOCU glﬁlbmdevels

as, for exanple, disclosed in U S. Pat. 6, 078,

Reghess camesmgﬁhwabmn’éﬁéhomef m@ﬁnbfahﬂwu@we gE ée‘r nsng
tolglé}n{:%e elg.%.q,lf?lgaﬁl /o 1ns%ﬁ{1 %ﬁﬁfu c@ n%"fés%g%l%ﬁéd 8 thE s&bpe s t4Pon-

VIT
insulin replacement treatment.”

[0325] In certain implementations, the modei of type 1 diabetes is executed while

applying a virtual stimulus or protocol representing, e.g., administration of a drug. A virtual
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the computer nodel. For certain applications, the

initial virtual patient itself can be created based on
wanaicleys4vi rt ual patient (e.g., a different i nPCTAIS2006/009546

virtual patient) in a manner as di scussed above.

[0321] Alternatively, or in conjunction, one or nore

virtual patients in the corrputer nodel can be creat ed

.based ' tla V|rt pat . u . . .
st oag P R apaled o ph; ofeBiiol e dat pEedicp o o biotogica
sydiéift. Defrérend Vigudlwhitdutiashh 88 assobatddasttiaainiipiar @iffes if dime manner

Conductl ng Li nked Sinu] ation Operations Uilizing A
frogbmﬁﬁn@i Ba§g@u13,y]gqt &R Mpapnlied tq @Jbglogx@eﬁ; ISysemn cap include, for

ex@%@ ,) &@%L%S%r %}8% Iﬁ%sg%ﬁdgﬁééﬁ Fogéeigé ;ase?@?eﬁl? geg?ﬁ&‘@ Ghd tRdical tests.

Addaidnal exangpladdistimatiahcledeexpatire to emstngt mdmypoihaﬁmﬂ disease

ani nitial sinulation gperation where, exanp
PIOBRIPTS ER ST ERABGs O S igpely wvgpmaﬁma{)%&agg?s&ﬁc%@s those

I t
rel s lchENE 4 eFRof cRpbalid QOUCANirp el HrdRh AR an antigen).
[03§.’i61ru |Aavirtual prpmcal, e@ns idveal tleergyse depresentimparcachard ithdrapyadan be
t.ual ients.in the ut.er , nodel .bas on an .

ol tp 3vilFE PR 0 SRR AP BPY UEt g Fon of the virtual
patidit koald ebpbHdab HRtherey.aliral plotodddy thhthéth% Fﬁhéﬂ totatsdblogical

patient can be customzed to represent a I cul ar

sysierpjcat include, @& skaraple, exiringor hmcéh@mdltbﬁramtl@ paems ghigeatment
I‘C%rl;iggngj gle&? é{sgégge Q(} tiftl?er e%%ﬂs'u %HI’I{J)I&#&%{E% t6)81’1§ rll?(? &fse(? g}?ermse and

|en

the iﬁdaeh By aﬁylginggd {élymalq;ro’@)t:ﬂhb @'vintual q)utgcfntﬁ%elt 6f1tesmlﬁs of the virtual
characteri ze npre vari es un
prateed cathbe anorlyce,s% WS@&% kg TXUEAUVE BF VIAYS ref§9té :939 herapve
di e
(0331 Fok ttain BOIht bR VRl Ko ROPLAAUE B4 BT PASEITpYe b defining
a nidufi¢ation te dn@mambabndtther;zatufal relatieons defwled cn @ atddely wdfich one or

alte Vi rt atients,Is Cri al. aspect o
e ol bl s, BP it i T amrs i Beied TBFfeoed affegeed by a
coRhRbPERSERN asfa,smet@a @i thy rhabprotdcbl. ASit@ll brdddcol can define a
uncertainty in the underl y| ng human aglut hogenesi s and
modifécatien that o hernpimsiuc@dwst@ t etonessnbigitian thereof,
tual aI t ernat.e . Vi trht

to alter pate i
de%egfimgncin ﬁ,gamc];far ve) dét\lﬁl‘l\? g,}lclia ng‘% gs associ1%tgcr1a euﬁgvn'tual protocol.

[0328F P G Sérvien ﬁﬁplehhﬁﬁauam@fubﬂ Biveiiteon thal dohllﬁlhﬁ nicdiepi3rgpable of
het er ogeneity observed in clinjical _ trials

F
simfatingr-Rertuppationds gt Adhegana oa rctiqn of ad%ﬂrtufbm&ﬁggnt selected from the
grcglg%hééﬁlfgbrff Exﬁp@ﬁﬁ‘%ﬂoﬁ&?&dahﬁﬁoh{)%h'ébk 8l %bl%ﬁ&l' a?iﬂbo S;/

tter t apeut’i ¢ responses Wer€ o serveq
lipadvaizd dichidramethlylent diphospheuate L puChsARR )b @dggdnnussﬂslo ant1 B7.1/2

mogRaiopdiankBAES S euiisRandang B eshowt ioiige ot £ AL monoclonal

ant‘i’(fdcd'ycl%ﬁh(rny&ndérfdfﬁheﬂltz flohBE16Ad] af ulations and nay
ald’in the design or opti m zation of new clinical

[0329] alusmgm@eraivm@nmlasle of interyentiona expaningenidgllyl tegied in the NOD
mO(ljlgé/ Féhoﬁg det le{ | Prgmum‘%y E?&‘f 1#586 ?f(ﬁg), in Arf}cl)rn?e(a herein by reference), a

set of representative interventions was selected to satisfy multiple criteria, including agents

with diverse, well characterized mechanisms of action; relevance to natural pathogenesis;
differential efficacy; and application in human clinical trials. This set includes the following

anti-CD3 monoclonal antibody, anti-CD8 monoclonal antibody, liposomal
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for developing alternate virtual mce. The resulting

cohort of human virtual patients, together with the
woabhwrowoaai virtual NOD mice, provide the in siPCTMS2006/009546

resources to address translational efforts to devel op

therapies for type 1 diabetes. Thus, the nodel of type

1 di abetes can include represent ati ons of nmultiple

ciclrpiiftvlier e Syipre (L CEMIEY EaaBabef Trinentin! 2

mon@PloRSSMALbYAEY, Bkl Qﬁb%lhﬁfexbﬂcﬁnbﬂ excreh6@ TEY-H, emfi--OIA01 Ah&noclonal
sufficiently different to evaluate the effect of such

antjlady atapemycipnendanticRe2 pioapdena antibgdt em r esponds to a

b
A A
The dﬁﬂiﬁddfyl ieadmimigtray imgmaniielcondistertorit @ik ipablidhied leRgiriadntal

res setot et erap an varlos irtual patients
QLG e dpitnEqhediie %ﬁﬂ@éﬁ% et elaed FSHCPSAOPRRE of
coﬁc!?:ﬁtr&’tﬂﬁl The TRKOAY RlsA9 sk ﬁo‘ag]g ‘El@ﬁl%feg(fDémT ] hoc es in the blood.

dentificationof "the one or ogl ca esse
In @(ixhtldue stias edtiloody if drstrebuwﬂ;tb ¢he Eanpmaticrbmig no:oies ahd pam:edas In

dat.a SC|ent|f|cI|t ur e, S 0 t
i iSoe SR imdtd ehd A bR D St doplet IR Frgpmbocytes.
ImpleflcAfiti6Ad ofUtREGARSEPic breliBSHatddaN E1GE qm Iaﬁ& rm fied,

vari ous vi rtual patlents can be created qyﬁmge |n|n

(0331} f dhe sompbier mOdalts|0§ the invensina canr berased t fwatams:éﬂ or pathways

to {wfi cﬁttfleol{)‘élol%c‘t% y&%ﬁ ] glg]asrﬁ{ge%%%@ r@dﬁggs \Aﬁlélelatll%sgnsnlve

tar@eetobqgatmhysmw dmesd m#kletaiminfw sal’ataﬁ Pﬁ;bhaatimtzm)emgwm entitled
Lrelati on can include, for_exanp a parametric chan .,
Apeargtus apd Methadfop [deglifing ?hqﬁane@ﬁe T&%@Eﬁ&ﬁ%ﬂ%&ﬁ@ﬁw&r odel,
1nc‘6f}Jo¥ﬁ§d ﬁét%fﬁods}?t'e?&?ﬂ@ L h the mathematical relation),

tering or ecl fyi ng behavi or of one or nore
[0332} i &@Iyq&th)zwsm ttcaviirtwdl NOD hneusatdnereritiemtdledrtbatatvhemmodulated,

altering or specifying one.or more function
el s Gl SRR B Toinle RETRB T eaPUPRPE | S Ofhess pathways will b
ideaBIBd Matifferentdtagdl @ﬁrﬂlsgﬁg GHog! T'l'i@‘il@slultﬁrﬁﬁéykéﬁpfaﬁf‘the time-
based on a particul ar Ication for a tife

depeflént siffegacy 06 scun@ﬁleeapscs (SQ aidewatify sherepagtic Swistovst), shegest

alterp%gvet 1enr11nggi‘[j 05, rc?g,{rg%}sél‘iaaét%a[y& eCtth%glgtEq%g%t#cn%‘f%cacy ¥ known agents
andmnldemﬂylpatdha@l rﬁﬁ@ﬂﬁfk&)eﬁttﬁaﬁg@ﬁnt of type 1 dl abet es
conprisin i dentifying one or

[03§ﬁb| E&P é‘%ﬂntlﬁﬁ'@ws@é@y sermmeddatinanethyays can be accomphshed by
C

coft AP 2} bi¥ferhdtlon 08 o AR 0 e B AR Bl patient.
Selastsd biokigichl pathlwvagsn caf beciatlivifualy npnandrthn-modelpteﬂpanﬁhé

treat nent of éége 1 di abet.es; (ihermt i C
consgeent KnRachgn disEse B egfFmypg @@sswlaa@he‘?%rteéa@ﬁkﬁ the
nulﬁf)er‘m'rnﬁtlﬁﬁ%ﬁﬁﬁew 'l)gﬂﬁmo@?tegupﬂh@ @S £ i@ GRRSe can be decreased

associated with t popul at1 on and one or nore
and mpreaspdritys faotos 0611 O;viirletions w@althqu eqesformed vsihathede values and

the outcomes (e.g., rate of B cell destruction, age of diabetes onset) compared to those of the

reference NOD mouse. To examine the importance of timing on such changes, the same
change can be tested at different ages of the virtual mouse. In this way, sets of pathways or
components whose modulation cause significant impact on disease outcomes can be

identified at multiple stages of the disease (e.g., neonates, prediabetic, diabetic).
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with an effect of the non-insulin replacenent

treatnment of type 1 diabetes; and conbining the
woepiegoent at i ons of the biol ogi cal processes tBCTmISE006/009546

the nodel of a non-insulin replacenent treatnent of

type 1 diabetes. As used herein, the term "treatnent

of type 1 diabetes” refers to actual or contenplated
[03’3@9' BB LoRPHeP hidlbls %‘f‘tl‘[?QBvénl?i% @Hﬁ BOG&A%h 1cPern?1 Potd Anare

sl owi ng or ‘reversing the onset o progressi o ot¢ ¢y
biotatkab eAélsomﬁ'ﬂker d:mrﬂfef tmmbmmgaam p}iaraaaem&ﬁdhei't%ﬁ b8 evaluated to

ef ers tto re er t han st e i nj ected

infeor prediptap %Lﬁtr d ﬂ?t%‘l"@ QS ﬁrsfcéP b? ﬂ?éedég&ﬂelo& t

effBsTvRAGS, tﬁ&lo@&ﬁi édﬁ'vitfy %fé%& Rdidelereas %fhﬁi’é? Lﬁ?y §Hl'aH&%E§can be

conpr|3| ng the oral admmnistration of ins
ideptifipbioesclort efesredto pﬁswghat@am bansd to dlfferstmatmsmmbtsa rBiomarkers that

cin s i s exclud om t SCO
e B A Rl e 5o 581 g8 Ra B s o
1denﬁg4 aEﬁEdSlhﬁIeh@ﬂBtheﬁa ?fdﬁlﬁ@lbje@f SivRrly, t&ibﬁsaﬂae@sscah%e identified to
executed while ap a virtual stinmulus or protocol
diagpose o5 safegatize SébJ§CtS §H%h¢f i Biopatkeshcanfbeddentifipd tmonitor the actual
I e associated with a stinulus or
res g%kﬁfhggﬁgﬁtgagggggﬁ be applied to a biol ogica

[03§§]5t Ome akpect ef tha lln\)&entld)medmmSemﬂeth&ig B @IBeebadeekers by
N sone nmanner from one

h stinuli tﬂ%lffer
exeéH i P"m@f"F‘iﬁiP& the igyention 2Byt p dtuabpvtesobiogrduge a first set
of @yﬁise&e%ﬁﬁng helcdfButek HodsXHR] &n th%wlﬁﬁdnégot&fol to produce a second
hypot hesi zed t herapeutic agents, treat Reng
set ghteswits icompaningsthe firgddi afiresvdts wathathp beeond betsift lrmllts and identifying
to existin othe i zed di sease

o BB a0 SRS A 250 e
1ndﬁiativ¢’ ohReisdlecteld B8 8icalUhhrad@ristit) S efefA 3ok lated varlable(s)
changes 1 n |l evel of exposure to an environnmental agent
and(‘éf Rgrameter(Y s prgesnt in 3 2ep Of\thmﬁrstwalsecpmdtsgtad]rpsuémg , a
t ctu thera
103361 | Rt 8F Db o B M eiUnfi S B B R0 B tantinty
cori'edmedgba”sedibn ‘ﬁge bﬂmef]ﬂﬂta&ﬁiaﬁhsttaﬁkfu\cfﬁlh&ty : Sthﬁﬁicapt@iﬁtb ﬂ{h:t] can be used to
. respond to t e t her apy rtual protocols that
lde%@f?’f CB’ére]éBB‘P Faiinekyds, foy ﬁf%@q%&ne@ﬁ@@ﬁﬁl%‘fmﬁlm peelinepor
reg%’:’&ﬁ@iﬁ) !1@&1¥s@§( 84 b RS RfrelBVBRIAE anza%gorﬁMe%ﬁyég&ﬁ%g%tgushcal test,
and treatmént regi nens, nmereé passage of
a careeladioni qogffmmlt aahn b@d{atenmmed; anéaa&datmrmamt&edamdieﬂ fbesed on

rot col tq vi rtual
detosying, Fee ERRGoHefifhoR aterbteRt el RABHs perfeclan tsnee dFxasaples of
corieatioh @EexE %féntsViﬁd:lﬁﬂb Wn@@ dflisGaatiieq@ntiva? %E%cwted with linear
effects of a therapy [0327] For certaln applications,

Tegrgssipn wéquoar@t aeharkeCardaticacoeffientyamsbasiathy with rank
con%ﬁ{t a nodification to one or nore mat hemati cal

a |ons included in a nodel, which one or nore
[O3$th h& vixtiat phtiene irathie @6 ﬁﬁﬂﬂoﬂ&rﬁﬁ%ebs@@ﬁtéﬂrwiﬁl@ﬁ%ar‘ucular set of

g glcal proc éies arfected by a condition or effect
Vﬂl%?é dhep@amgterhol the computgamogl o tibes virtyel pptient 4 may include a first

set O AR Qbr F:ibsO8ld ARuA patient B may include a second set of parameter values

that differs in some fashion from the first set of parameter values. For instance, the second

set of parameter values may include at least one parameter value differing from a

corresponding parameter value included in the first set of parameter values. In a similar
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nodi fication that is to be introduced statically,
dynam cally, or a conbination thereof, depending on
woheospasidi cul ar condi ti ons and/ or effects assoeCatsen06/009546
with the virtual protocol. [0328] In certain
i mpl ementations of the invention, the conputer nodel
is capable of sinmulating a perturbation (e.g., a
maHfl S gy pﬁ)a':uef?tc(.t} b%fas cpﬁ&f W g%%%rda&@ ok R&?Jn%fe} '@%u%{ @R differs
group consi ng nonocl o anti bo

in sonid faﬁﬁﬂn [(33) 112 tﬁli‘falan& Bﬁdohd) d@t of papaomtaratalues.
di chloro thylene di pho

[ Li p- C12NDP
[0338] geh bigdogical procegmibipt i lAss HHsErD PO i Bisaheapy can be
assg&aied'vﬂﬁ‘l"% hﬁbwl@%é;eggalprbrﬁnc&ﬁ%ﬁ? NS/ atittis {llgtualaﬁhttﬂem@@f%e computer

nonocl onal ant | , rapanycin, and anti-IL-
quaimlbembﬁnahw roprtyent ﬁﬁ@@]t pl;@ls]bga ]arpo&)es@nmre@lutlons of the

S |nte ventlo ri ment al |
knﬂ%dée e et SRy B R oot E T b Babdiari
;cah b6 QR Fad Sﬂplﬁﬁh@laﬁok}in nfRfdaraging Blologica etspohse to a
representative interventions was selected to satisfy

themapiyt foptywed rdiahsidsa Whlhvrc oy 9§ uaeerﬁwd fhat gutgimpuapaisy hw effect on

typre;\t (i}?létteesg glgge esctsS (rgn‘]stp glrf%%%ﬂt? ]pf Ir@éﬁﬂg Ieeagtgpns against f cells

as ¥l lak 6adelif8 chitehivdiRms of thel deféreht tydsSof nﬁhhﬁle $®3dulators may not be
i ncl udes the follow ng anti-CD3 nonocl onal _anti bod%/
welnmderspRdnianeichaicenaiio, waipps virtual patients can be defined fo represent

0

g ST it AR DB i oBARSRAS P finirs RIATE ok
mddutors NKubiviedge xapidian bé idaxifige and sxpléded 28 deseribed @aapending

nmonocl onal antlbod ra cin, LAanti-lL- ”
Provvieal $hai ApplicaBeriio w%@xr{?oa ﬁn&ﬂég ﬁpﬁ?(&h@%ﬁ% %‘F}SHW“Y Analysis.

anti-CD8 therapy is simlated as described in FIG 122.

T fedy is admi nistered in a manner consistent
IV’EXﬁ@ﬂﬁ% gubllshed experimental protocols (i.e., dose,

schedul e, tlmn%(l resulting in a blood anti-CD8

ant iAboﬂibSd:étheH itetCysle The antibody acts to

[Oﬁfgglta{e&?%%\xing;%%cﬁ%% C}%%Vldgs %.tdﬁ) é@%g%@egsrb? Hhi8R e modules
of ﬂﬁrﬁbbe@-ﬁé@n’bym@d'mplﬁéaﬁo@el dapbadeeieped] As tisewssed atxvegthe various
e S ket ) Bt i
D1%%§15é;1 ?h%% oheﬁtyétrerd%g@[gd bg fstF G fhtckicHddég %vlﬁ&?represent

nputer no the i nvention c¢an
maﬂ]Sfﬁn‘Jatioal tethtiohsHiys ﬂhatr@ins thor elpraeﬂts\,aﬁl'életbmologlpdrstath eIn general, these

gy NG ate Pt ey e i STARpIRRte mpYCR Wailabl

1nf3?rﬁ§t'idlp&gthb @elg@atn@biol ca@v%abﬁ’é&ta@iﬂtblcﬁb lch1GbéeRses. The development
2004- 029639, entitle g’nar atus and t hod for

of Hutanathémiticp] Tt ionskips hederlyingthe mgslu}egdlegr@@rfpmh@rcD8+ T cell life
or.at ed rein b erence. [0332] Key

CY%{EE%VU@%“{WS lﬁ 51§/eurs§ed§}erwn ol ¢an be identified

[03409t ,FTIahoRho®sls etadehle of an effect dlagram for the CD8+ T cell life cycle in the

islet. As FIG. 9 illustrates the physiological components modeled for the life cycle of the

islet T cells include: blood effector diabetes-antigen-specific CD8+ T cells; islet 1 CD8+ T

cell recruitment rate; islet 1 bin involved islet count; islet 1 bin recruitment state; islet 1
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cause significant changes in one or nore disease

outcones. Sets of these pathways will be identified at
wdizbdemwenat st ages i n di sease progressi on. The PESMISE®6/009546

may expl ain the tinedependent efficacy of sone

therapies (i.e., identify therapeutic "w ndows"),

suggest alternative timng/dose regi nens that may

incr e.the thera t i ff
CDSR O rATR e s 1R b sy O, 20 Siset 1 CDS+ T
cell é}%ﬁ?&ms—fﬂ&i iste Mtabbptoé COBS+Orf cdlley d| sease- rmdul ating

at hways can be acconpli shed by conduct i

[osggdst &rnapmr@a@r@éfesﬁed Py {yperlafiplstes. D% cqllsrcgupulggain the
palggea’ﬁg 1§f|£ts g\}f" {he ﬂ;&g%t witEo d‘.ﬁgﬁt &f tg%eg idtle Hféhﬁ‘f@%’ 8nd direct

ted and the
celB@élBﬁﬂWﬂt’[heﬁ@ﬁnéraamnsl atee;halmeddm he membeledndravtimaibnwitate of the
si mul ati on.

f
invplgdI T ooty FAG O oyt B g reraten R Rl e splslation of
the%ﬁﬂ}?:? oP@ﬁSﬁials@éjlsEiﬁ‘ Fhe' %@ﬁﬂeﬁ 0¥t Ridréfdeolhe. e main processes

sinul ati ons can per fornmed using these val ues
of Ereelll utmowmmmksl 1(1@1egslet araflecelifregruimient, teodiferatéen, 9ad apoptosis. In
f . di abete ompar ed t
et dheORBE T ReRCe ofsFBRRR oot ety fepbitgsof visblo e

CD8+MT ealsowmhqﬁo@nae d@&snet Thell sofivhcihalge pagsobiengslet Gome of
at different ages of the virtual pouse. In this way

thes@p@cosse@mdmay@le of T@@%@rﬁéﬁwlgvv%@s@hmp ang §ﬁﬂ%7§ué@nun°1

nt |§f0| ed&opgﬁuﬁ% g8§t081f’1 Es‘fé% 'ﬁ?ﬁﬁ'ggglzsereﬂ.ects the number of

Vlabﬁglﬁll%t eE%8+pI:‘]edﬁsathetap@ptosi$ &itxetgnd ple@%ﬁaeék}f aiﬁoptod:lo lﬁﬂﬁ-’re’f cells by
nmodel s, of the lnventlo e used.to LiLy one or
phagacktosis ofrathes reansyap F’E’QEIFEBV ag éﬂo}?tgﬁd%?elt }bﬁg %’5 ol ogi cal
[Ob‘ﬁlig(rj ?‘gé% bdvides tﬁ‘&f"%raﬁlﬁ@al tf@pr@éé%ta‘t'l@h g6k the diffdr&itiaPEquations used to

f aparticuldr result. For instance, bionarkers
traclaﬁlelmpplaadm of bloed effecsrf diaheitaseantigen-spicfiie gﬁlﬁdl viable and islet 1

t d ffect
oo bk AR e Bl Prebly SEL PT84
theIsQ aiffezeliaPBqussiets d&pehd bh ealembu@ise)f$meeﬁﬁtmen§|p@mfe1}aabﬁ and

hat differentiate responders versus non-res

apmtymram thedatéqrtam @espm‘eedsﬁré& fqllagvegdbthe éeﬁceip{) ﬁfte the differential
cormended r ject. Simlarly,

eq%af%é’%gﬁvermmg %%R‘X% ﬁtdlyﬁ ggto di agnose or categorize
[0343p] €THS+ Thodll tré'tsi'ﬁl,tmént@lﬁabkthe blovdanb éntd dedett i 1 lgederhed by 3 nodes:

nmonitor the actual response qf ' a ct to a
SIF0AEBE - Breeliabiment ol Bia R G < 0wl and e b
reérglﬁﬁ&#tsﬂt@g one or nore biomarkers by executing a

er nodel of the invention absent a virtual

[03#49t CKiel ability mmﬁl)se Tacells toshe wetuited inte slgttlss centendled bygslet 1 bin

the conpute se he,.vi rt.u rot.oco
oGP GUEOVAS MBS 6T OB | A dioepts i R LR e plputtancous
rés@ﬁcecﬁflﬂst% it In%ltYiﬂl& Etagé&e)faes@mctz & etmigfiltFesUhiiBlly Mfittrated, heavily
i dentifying a correlati on between one or nore

infiltratedbiestroped) pElia reteengencityds zepypduced by repsesgrbng the islets as distinct
distributed sites, which become involved in the autoimmune destruction at different stages

of the disease process. The islet 1 bin recruitment state specifies whether islet 1 may be
infiltrated by autoimmune lymphocytes.
[0345] CD8+ T cell recruitment into islet 1 is further controlled by islet 1 bin involved

islet count. Each distinct distributed sites (i.e., islet bin) represents a fraction of the total
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i ndicative of a pre-selected biol ogical

characteristic. Preferably the correl ated vari abl e(s)
wanaaicowoaar aneter(s) is present in only one of PCAIS2006/009546

first or second set of results. [0336] Results of two

or nore virtual neasurenments can be determ ned to be

substantially correl ated based on one or nore standard

1slet§ E@iﬂe%h&eés §Eitttis cachl sl soimece] thé Bitisart mmolmmmﬁtrausé)dwmle
dentify correlation can | for
othdrss manllrﬁ@gmégsn@wcmmwes ?{3 %T ddyin e@@f@gﬁshwum determines
I n accordance
the a%ééé)fﬂ)%voﬁe% IF ar sgﬁ{lgstft%tf%%dafgstfggt%%a correl ation
coeffiiet] Bitinsaivedisletledimr ribted immhdneot fredtami ‘gl totwhiskss
i dentified based on determ_ning t t corr
(034636 o AdnyalF rEoRy o BERE HIecEietiPn A RGETe Bl et are
1nvc9(/e Hd é rgs‘%ﬁlfefi ifisfR b 1. The paRntaqd Bﬁﬁal@ﬂetfs’f’ $pecifies the

I'Sstica y, r2, associated with Iine
total ﬂ@rnb&&ifosieiamoﬁsmshapmc&ae as reparteRh bk Boek P'ealaﬂl%mates 54(1):133-
coefficient, rs, associated with rank correl ati on
7(2083) . [0337] A virtual patient in the conmputer nodel

[033’@” Pige @PR0G @liBdcitidenBradohbtatl, #hideipedifieythie mesinflox rate of
paraneters of the conputer nodel . Thus, virtual

CDpfl @ﬂs infio ﬂwslehmffcx@eceaqum% s eqmel torthp SR QE WY compepeyts: 1) 2
and .virtual ti.ent helial cell

con B B e PB4 S R0RAES ol el

andf)laSegfiffed @bmpasiciieiaets degén&eﬁt orFthe upregutation of adfeesion molecules
second set of paraneter v es may include at |east

On@ﬁ@tlwhﬁmﬁélﬁé‘? h‘?dﬁlﬁteawlpi’”é‘r from a correspondi ng
H?éc?[tzt%%tq’?té ({E%t‘dgzed % reQ8ithleh SatS@nstaht AT ab®istifutive

armanner, virtual patient C may be N
3@5@%& ‘egffeot offislat EGialHlesimt mofecyles ameviaecrydmestratnegnstant

ffers in sone fashion fr, ?1 J% %lrst and second set
of paraneter val ues. [6%@@% KeBFETCyi cal process that

[03% UlrRE BSnsiiht v@%a‘%ﬁbn ARSIRE §& rbSuithent dtaicipyted adllstae basal

oclated wth a know edge gap or uncertajnt
adhesion oudearile expaessivas aslrasdeert shop Wm%vretﬁbdbﬁ% %%&87 1643-

t { I
o5 R 3o ERG b L5089 o7 ARk B R v s
JevBlsO4sQHivea by RAG6ASS ashafnandladudelexprtdsion. fhaparesister "max
l'ynp noecan"beldentlfledas plg%{twg oIe|t
recrpthadnd r4te gomstasnt oegpEcaFNtp m%l@u%fe P‘a‘b{ﬁnfCB‘ra Pope 1
di étag%t?%ep ?Q%lhg d]%8+n?3éil?s§'e%ﬁ§& r R R el AiTieht tite

abete the relative effects
co&ﬁaﬂt'ﬂﬁar@ihéﬁeﬁﬁ&fﬂﬁmég/ﬂhsr effectsnivtanmining e mmmagatiatﬁsqf GP8+T cell

cells as_ well as baseline cqoncentration
recap i SISy 8885 PR A A BREe MR Rise: 8 chgpptactc
fac'tj& eﬂﬁ% gé)rgmeég hasShieh a8juSe8 fehdiReveBé tepufted ithbéd of CD8+ T cells in
i'en can be deflned to represent human subjects

theh@Mt whilelifairsaieing afmdasice hetwsom thermopatations dsper}dﬁﬁ%ﬁﬁ cell

cells or |Hrmgl dul at ors. Know edge gaps can be
reGryERent s -<F LN Bred as described in co-pending

[0349] The size of the population of blood effector diabetes-antigen-specific CD8+ T cells
(Tp) is a major determinant of the islet CD8+ T cell population. The population of Ty is
determined by using the values obtained from the evaluation of the T cell recruitment rate in
each islet bin 1 -9 (1y;), the half life of effector CD8+ T cells in the blood (t,'%), and the rate

of effector diabetes-antigen-specific CD8+ T cells entering the blood from the pancreatic
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Provisional U S. Application No. 60/691,809 , entitled

"Hypothesis Sensitivity Analysis." |V. EXAMPLES A
waRBos/0993@eU Li fe Cycle [0339] The foll owi ng di BCUASR2ME/009546

provi des an exanpl e of a process by which the nodul es

of the above-described conputer nodel can be

developed As di scussed above, the various el enents of

bt K B B Pl S SRECLEEL Rl IR FCOERE BN 8, ho e

of &g ﬁbﬂldrbtmtosthatlaetatﬁd (D) REpropertinasl @s thetipatatios BF BReAleffector
mat hematical relationships that define the el enments of

CR&eT selly Bigt iskat bigy sinyolvied ihet sepnd) and the seorwimendreteiie Hlat islet bin.
[

B L

loss of &\calit ﬁbmdhe)gloodlmto a4t addtddn. aTiak el Dlifegif efillector CD8+ T cells in

e IS i T P o8 PRI e L GPaARess e of acivated
T éé@@(e 2, §€hbur spéﬁaﬁéb% ﬁal‘f ﬁfé fé»% 11 c%l@tKéM;J dt ab€y ﬂfu%ﬁffasﬁ&k (2):597-

here as an exanpl e. [0340] shows an exanpl e
602(2082))e The diteroff ”ﬁmxlifrmg tthh eammlc'lymph hodl¢ fseakwlalt@ elscwhere in the

e BB B o BRI AR P s

thecfllbwirgregbtgy: bl ood ef fect or
di abet es-anti gen-specific CD8+ T cells; islet 1 CD8+ T

cell recruitnment digte; s 1 .bj vol ved isl et
count; islet 1 big;r ecrh‘l(?%mz tbatz1 Tsi $1%t 1CD8+
proli ferative fraction; islet 1 efféctor
[0350% b dthe pralifeiatidn of CD8+ TTcallelin thie is1sd ie detbrihingd fibncthlelfraction of
tosis, and isle apoptotic, CD8+ T cells 41
Cel?S?F erB’gﬁE’rt‘e%?sat&fsPS@ ‘éH‘%‘g"“&tﬁeaﬂdﬁP@BE@%@“"éﬁq{ ﬁ nlOdel and
rept&chRd %?Ql&’é%(ﬁt‘@slétrl @ﬂ@-l- PRIMEESRY ﬁaétﬁ)lllet'?hé’ﬁ}%ﬁfer&tﬂ)%}ﬁactlon is

I nterac other cell "types via soluble nmediators
drizerdbyladtivetiocef CD8(T cetls hy astigenTiveweting t@lsdaPiCshandafuether

B BB Do R LAt B phrion

com A% k&2 o ﬂﬂm)"/sﬂsoml (Y/hbﬁf%) GRtresoatiingno afcytle@intd e Rours as
o

+ Tcells in the blo and an islet reference

rewatr:@hﬁ Swike G Qplﬂﬂ@é@g@é§ ld?-) 1883 (19Phover nodel ed
t 1 t
[0§5'i ;Iglg p?{)}@gs@&fCBS%? Jﬁﬁl)l ?s“:&elf% ;rg&gih ﬁrr%lﬁlrtfg% frgzg ofﬂ df%glls ?ntermg the
apdmﬁmecqscanleas 8 gbved einey (i) N sl ctenmined rebxewherfe il nladxhedel &hé tepresented
i ch nodul at, e he net T_ce|l activi

+ .
by ?%%dﬁ rs?e;sér@%g%ff ceH erariads - The ARoriptiq ﬁéf‘stenmcewé%%é both death
I, §
by 88 ?‘ggg‘d Qi B84 bl &y (T M@?} i ?’gg‘ oA Bhediators.
Thefoptlepoptosis kase c@pgnt (7) gedet & Ingd. 5)éi=t0514 (éhawsbeorrasponding to the
O t OS

obserehiof el 5% STy aled Brurips T ool BRRDARplolie 2Bt hORs (e et ol

J Eﬁb l'l\?édl 18RIy 7( B3 7 TPOkEh R A hBse @i @oRhed béth @hth by neglect and AICD.
al f-1if
[0352] The populatlons of viable CD8+ T cells (Ty) and apoptotic CD8+ T cells (T,) are

determined using the values obtained from the evaluation of T cell recruitment rate (r), T

cell proliferation rate constant (p), T cells proliferative fraction (f;), T cell apoptosis rate
constant (a), and T cell apoptotic fraction (f;). When the islet 1 bin recruitment state is
greater than 0, the recruitment rate (r) of cells into the viable cell population from the blood

is proportional to the population of blood effector CD8+ T cells (T}) and the T cell
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[0342] FIG 9 provides the graphical representation

for the differential equations used to track the
woamsliati4son of bl ood ef fector diabetes-anti genPepaisedo6/009546

c, islet 1 viable and islet 1 apoptotic CD8+ T cells.

The sane processes govern CD8+ T cells in islets 2-9

(FIG 3). As these differential equations depend on

: , [ tion,. an .

&ﬁhﬁéﬂ%b%ﬁﬁf SREARIEED oo LR 0L he
CHSCJ'I T oeikscprbl)lfet‘dne aﬁ:bemterprpportmnai fto theepoguifatien enviable cells (T.), the

ot tale PRRECE it ruslireBe 66, and tis Wamerstoni:aie sonstant ().
Thi$ |t1‘i>5 dyhalrScsSTVRS 1igBle @Déﬁ- T"Bgl? ﬁo%dﬁﬂf aég: (ﬁ?@s@n{gd "E)ﬁ/ltfle following

recruitment rate; islet 1 bin i

equatigni sl et 1 bin recruitnent state. [0344] The ability
for CDB+ T cellsﬁ[éi be recruited intoislet 1is
control l ed by isl Lbj,n pecyui trepts gtage. One aspect
of type 1 diabet edt di sease” hét erogeneity s the
Si rrultaneous presence of islets at nultiple stages of
di sease (i.e., uninfiltrated, mldly infiltrated,

[0358RV Sthdqﬁéﬂtiyt fh%tv%ble SaRtnRy ﬁﬁaptosImtSa ﬁ%ﬁ&g&ﬁaﬁdﬂt@( tHeS

r epr oduced Er esenting the islets as di
popyilation; quwéﬂe @,qllsé 3 thﬁchwllmpopmc ﬁravt@cm/(@ and thfh@optosm rate

1.9 t diff es of th
COI%l se_g e pfeg?glzéfs he I}l?lsa qug a@t@P %%te%egtbé( the half-life
(t’p&hird, itlespopuiitionof bpdpesticlT efayshe Eél%'édehﬁeﬂ% Rk 8ifferential equation:
aut oi mmune | ynph ‘il%r/t es. [0345] + T ce recruitnmen

into islet 1 is f&&ther gconfrol y i,slet 1 bin
i nvol ved i sl et coynt. Bac dlzgtfln‘zgt)}?mzst 4 puted sites

%i .e., islet bin) represents a fraction of the
[0358k aTpgsthersthess edvationsmpeafisthe pppuptioreditams¢s of blewsh@D8F T cells

an(i,\th??l}e%#l %@tﬁﬁéﬁgﬁlﬂ’% d{%:ﬁl%rat ed) while others are

ocy|C|n trates. The islet 1 bin

[0355)v oThedalired cﬁ’[th@parmmaéﬁilﬂémmfhs vaHeusfui®ins Q‘flﬂ‘hlﬁ] s Medule were
within islet bin as follows: |slet bi n

i sl.e
de“lfrsm}%?@%) site matchBpREmentg] data and g |gv@|?hﬁ%8fc}eaeﬁeérbekm In one
emﬁ&ﬁlﬁ%nt' esd §u1h<9§1%§]are-lfﬁ£11@sﬁd 1s iV IX\Q{ﬁ%%ggtfaﬁﬁti ) g? populations

ects the fraction of pancreati c I slet
(Tvi Tu\) @Weqyeahmenh tte wtreated prfesaed mdusen(réfetente mbuseltypd definition);

o B o R Sy BT v
of adhesidn moldcaleixBressidrt (Shiinbd2t al’, 20091 @ thEIQ%fg }ou-'g_ﬁf? fé@@fslets in

T cell recruitnent rate constant, h specif
the NOQD mouse (Badktes albf20808 whpseenaserathqu dnan membst agpears to change with

|
erol] O A8 AR (R S R BN B s B e peion of

the a“obbﬁ spopmlatmdl t-irauisapbllﬁb’&@ (Jraa(try oTr,)p3s 1excdRAEY0] Bdsed 8hlcBlculations
t ed conponent that is dependent on the

regul
criy B3t it 6 (o5l SROPISP BYPPiH BN et lenkoryes (Augstoin el al,
Diabetologia 41:1381-1388 (1998)); (5) the doubling time for viable CD8+ T cells is

approximately 8 hours (Swain 1999), which yields a proliferative rate constant In(2)/8 =
0.0866 (1/hours); and (6) the fraction of activated T cells that are apoptotic within 5 hours is

0.52, yielding a rate constant for apoptosis of activated T cells = 1in(0.5)/5=0.14 (Zhang et
al., . J Exp Med 186:1677-1687 (1997)), and apoptotic cells are phagocytosed within 4-8
hours of entry into the apoptotic cascade.
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on endothelial cells in the islet, as shown below. T

cell recruitnment rate constant = max recruitnent rate
woaonmioasis4* (1 - constitutive fraction) * effeetcTml2006/009546

i sl et EC adhesi on nolecules + nax recruitnent rate

constant * constitutivefraction. [0348] The

constitutive fraction accounts for recruitnent of

O AR o BRI P o SGB s
folldk3“cdnbtuti#d Badtion’ 16 reaitndhed. % opnene [Hlet@%@@'@t‘%rcﬁﬁératlve

the increased recruitnent, over basal | evel s,

rate|eenstant 500366 ( bhow); Sthieel apapinsis3 Q;il‘é(léwprs’é,slmlfahfefcphe
dis?ﬁ%e%?r%ﬁ:g bfa ré]é%}céot{c c%[lé‘r:ghftz')e—‘% fho{lﬁt ?’h? agﬁetter Vaflds %?eeﬁott %pemﬁcally

Cr circu

repditad & the-pabli¢ Prretaedut hive lﬁ%&eté'rrﬁlﬁbd fo doRgily Wlmdsoﬁﬁ:famts such
hour. The " ﬁlrecrm tment rate constant" paranete
as %wamvst ¢ ’@ftfl@c‘%néera"efr@’i”rﬁlﬁph@lqlﬁéra%? PR gipalpad fgboratory

expe es c nt S %el o%aﬁ‘ﬁﬁéﬂs’f ﬁﬁés% ?hét%bﬁ'}ﬁ cﬁﬁée‘}qu ﬂméluely satisfy the
corssiremiy, and can Heaciiangsd 1n'5ﬂtematmamhm1hmenth asthiihe sanaelprdifferdnt

t h|e e the rted nunber cel.ls in the
corsGp . i 5 G RE TS ALt L GREoERY EifegiuS of sboptoti
fraBguHdl oAt Qs S dependence of cell recruitnment vs. cell
proliferation. [0349] The size of the popul ati on of
[035r7bod\séhfs@est1mplednf fesyelaof ipdatl €PN T cdll @odel cﬁm:p@hem generally

111u(strgt)ef ﬁl O%mpéﬂ%ts ggktﬁ %ﬁfeciﬁ)&@%@é&engie le/éﬁI% %%{BVF ion nodes,

repeSsentgnbthemuadal ﬁ@atitbltsliﬂpﬂ gt 8610 thé elepiéals Wi thetiolkichh®atd being
cell recruitnent rate in_each islet bin 1 -9 (rbi) the

modglef. These mefheayatisalirelatiombipstag bp ﬂqulwesiweﬂmh@@@ of appropriate

AN
thel fifewt] Di agpam titndi caaemnthe egieiod h}alﬂtdma‘mdla@la(lghsmma atrélﬁloﬁelred within
r than

[ ecr ui nt state for_each islet Qinis ate
a elyeh phnle] St it e HipERTRS o Chomdiehut ngf 8 GOBR hat gl hes the
Stl'l!l&ul?_ 0@ H&"Eﬂf&? Biadrn! RELRRH Alel sﬁﬁcﬁfe HRothoREl wa &"veloped and

I's, that islet bi'’h"s involved islet count
othah@pmmenecxf this model were developddan aisghidar fashion @GS -3 85).
when the bin recruitnment state for an islet bin is not
greater than O, there is no loss of T cells fromthe
blood into that islet bin. The half life of effector

CD8B. Bifiriltion 6f Ty bDadteseherapiesat ed based on the
rate_of apoptosis due to_ spontaneous_death of

[03381 i Pimsgous ipteryeatipes hpve baen teefgd insihe ANQIA aerpse . Faj 9t ugpose of
1m1%1%81%r§ge§ ﬂﬁ?tedlgﬁieWenﬁ&ﬂs@E o %vid@&ﬂﬁ}amtg' §c§ tﬂ%)/n‘t%?l \g&?’where

e rate o tln ancr ea
constraliats e defimmad aatadditiohs deharieral mibhethamthelvartﬁaﬂ usousé I;imuld

repd %%n g}&? g‘lglfgﬂqt:rgg sg {aﬂg %;)lgﬂ??r %'\%rvﬁ @é\yg]gqc ta. p’lQ(P gflzr\a}eta {hcl)snpurpose

the interventions should be relevant to the modeled biology of the virtual mouse; act on
different areas of the modeled biology to impose diverse constraints; and have well
characterized mechanism(s) of action that can be directly implemented on the modeled
biology. The impact of a variety of select, well characterized interventions on islet
inflammation and glucose control was captured by modulating the biological pathways

represented in the NOD mouse type 1 diabetes model and treating the virtual mouse. Based
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--- =-\n(2)/tbl/2 Tb - 2_, r bi AT J [0350] The
proliferation of CD8+ T cells in the islet is
wdebwroovsaed fromthe fraction of cells enteri ngCHUSE®6H809546
at a specific nonent (fp), as determ ned el sewhere in
t he nodel and represent ed by the node "islet 1 CD8+
proliferative fraction". The proliferative fraction is
ondhdse pathpy atfecty.ahe s;mqlﬁtlo@quupes;@rqsgltmg impa¢t garglucose control and

iR PR d bR Al ettt U8 ] ooy fpltented.
proliferation rate constant (p) is set to
| n(2)/8 Q Oﬁﬁﬁ-(Cl)ﬁ hmﬂoﬁbonalémﬁlﬁmyqs n4s. 9@11)0 a cycl e
of hours as reporte WA
l03ﬁﬂm rt?cﬂcentﬂmrczb Smeseor?mﬁscpfgey? Yleﬁfg?ﬁﬂ?mtrﬁe 558f5t da fhe NOD
mcﬂlfs %éff&t 6ElHist Elsapg%%]gé érfdodﬁ ttn'ﬂﬁlgf dn@%ob@NTIY role of anti-
senterlngt totic ascaeat a given tine
C[H m)T lymphdeyte rdnplneoh dl lyewhecsde activiatien,randebgwatdry cell

te de, "jslet 1 T cell . _
seh SRR O e B0 v b Shne R esSuf gy vy pproduced n
thedﬁaaét) Qy dﬁe&&e%&e@% @ﬁéﬂ atdﬁhm@férém BEed (2Phd effl@@then

is'regul ated by soluble nmediators. The T
admenwte@é dpnos the pradlebamrpbwm end @) r¢séorgiden eiceuglycemia when

[ 530, 14 urs), corresponding to the
ad%’ﬂ%@%?@ﬁt? g’r?b‘%‘h II(I c}cgf activated nurine T cells were

[03409 Pt el dereaff dfedctsofAdiafStel Zﬁt@«lﬁﬂm@é atibody to CDBXR4820'11) that were
186: 1677- 1687 £1997 ).. These data subsuned both death

implemeatpddngludadd %f@bWIP@ééhﬂﬁn‘t‘H@t%&fﬁll aetitengirolifegaiiog and

ap@sw &Zﬁﬁgfeﬁesrﬁglgl\@ff ﬁ@ggélﬁfggtgla%gs f%rrsglrghl ﬁrﬁaté UL P T cells;

(3 )ediffbreatial cfifeof onTnamé Versmcarcﬂv&tadaﬁtceﬂataad (4))1nh1151tma| df endothelial cell
roli feratl on rate constant (p), T cells proliferative

adpesigny elgcyle GXPressiQfy| | apopt osi s rate constant (a), and
[0361F elﬂevé}ﬁpﬁsmfchﬁoﬁsrr@;%rt f&tinkANOD nYi@@ Bt differenbii@kesbfllisBase and

recruitne state is greater than 0, the recruiltnent
withedi€ferent pnotocobr Tlarep L1 nubéwatmb theat gparl thp sgnge &f ivertationgpserved
ing}@e g[ o is fll onal he popul ati on of bl ood
fRaCt! L ?Jﬁa}“ "the T cellrecruitnent
Tabk B R@ﬁﬁfs&ﬁhtw@hﬁﬁf-@])s @rbfb@bl@ uséd fDevhlg#te lthe average virtual NOD
recruitnent into this islet. The viable CD8+ T cells
mtprsel | ferate at a rate proportl onal to the popul ation
UI VI adlJl g CI I ) | LI I Ul
cells prcg{?ﬁo ?'193)( E!:ateg Ebe prolgl' f’uggﬁr%t
const ant of th )e Co8+| T

Tlﬁﬂﬁéof’Ri’LiéﬂHson afe fa@ffﬁ%ﬁmiaﬂtsby thEDIafBleﬁ@Wl ng
equat i on: P*T a Tv_[0353]

Reguhaequeraoqugtphe Vi abIBeprgce/BIdaysenter dpbpptivSidayat a

U

_rate progortional tg tih

Incidence 13% vs 75% No effect at 30 wks 64-80% remission
control at 52 wks 12 wk follow-up

Insulitis Reduced insulitis [No effect Reduced insulitis

Expected No diabetes at 52 4,8 wks: no delay Remission at 12 wk
virtual mouse [wks 12 wks: 4 wk delay follow-up
|outcome
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popul ation of viable cells (Ta), the T cell apoptotic
fraction (fa) and the apoptosis rate constant (a), and
wexiie/vdia4i sl et via phagocyt osi s/ degradati on  PCT/US2006/009546
characterized by the half-life ( 1A). Thus, the
popul ati on of apoptotic T cells is represented by the
differential equation: - = a *f a* T- In(2)/tal/2 at

* [0354]. Toget her hese ations specjfy the .
103653 (SRR Bomahe BFaft B RrwaRRS ') Suppined
préx8ctioARith eid devEloBrhert crelidbetdsAnd A6 idifihIgrimih@ 3% TID4HElymphocytes,

val ues of the parameters used in the various functions
whigh a1e gonsstent yeh the pullished eapertniThe ginagatien tesulifenfdhe intermediate

: . : imdel PR

cof TR A9 A0 e AR EAAL B i
of tibsing ad 4, Qwir 1 waseks prodéchddsfrorh Hpvedogmmiof diabeted\althd@gh there was an
. vary over tj in the untreated . reference nouse . . )
Inqreasingy ewmnﬁéfé tregimpengekhefimplgtign resplys Howtepatipg dighgtic animals
resulté® il QRtafed "i‘&{ﬂsyiﬁh,e# rdpdrfldli tk&?ﬁlbﬁ@herd%&{? Ho%%v&? réhission was

t1ssue, given basal eJ%Is of adhesi on nol ecul e
depondertssi rapid (Baellira @gvoveth (&l exce@@T AprmglIipnteostatic kavels) following

1roughl%/ 2000 islets in the NOD nouse (Bock et al.

CleoETH5S © Gﬁgggmﬂﬁ@§n¥ather than nunber appears to change

with growth of the animal; (4) at maxi num | eukocyte

i nfiltrat] oanfafCcHe pancreas, the fraction of the T

cell population that is apaoptotic (Ta/(Tv+Ta)) is |less
[03634n Tg%lmaa@we &h COBchibamphosytes ko yped diabstes @athagenesis has been

el SRS BIGIET SR s LB pgion. o
of aifj-Cl¥einchtitrtihdting GD8reT flphphvi ozt evaSificorgoratet] liss theamodel. The
folgfv@;g Ejgg(gg gb%ltqu;ngi%{gs ?S %onquéﬁgcgyglg the \ﬁlholgg]g éél 1éecajl§e ;?rotection when
adltgﬁr{iﬁeﬂéﬁ $9 pre@fighetif hnfnll f(ﬁ)arg; %f?erét Fhed E%ﬂﬁsﬁgstt&gd I(i %iﬁtétﬁ:aanimals ;

hat are apoptotic mntﬁln ours is 0.52, yielding
and &) eigniiesntdepléton difdptofilgmptfocatssi Fhe ditedt etfebts of antibody to

i n(0.5)/.5=0. 14 (.Zh |y d
crgBhtwe igleighiinde Snctomasicrct RapPlbeyies
[0383R0 Sy éraBsiblivhtidis ri?gggnrmug N nfiBé hydiffeient §thess of disease and

_apq&;otlc cascade. [ | n " keeping with these

withghigereat protcolsnTlyge sedivdlipations thay spandthe rasge o8 vasiation@bserved

. - o [ BY tion" for

in $he fr“giﬂ%h%enlf‘e:rﬁt?‘%]&% éllf‘é{{’ o%niﬁhﬁs et s" =2000;
"proliferative rate constant"=0.0866 (I/hours); "rate
of apoptosis"=0. 14(1/ hours); half-life for
di sappearance of apoptotic cells (ta 1/2)=4 hours.
These paraneter val ues are not specifically reported
in the public literature but have been determ ned to
conply with constraints such as the ones above which
in turn energe fromthe public literature or clinica
and | aboratory experience. These paraneter val ues do
not necessarily have to uniquely satisfy the
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constraints, and can be changed in alternate

enbodi nents with the sane or different constraints,
weuads/ass4one descri bing a nouse wi th different PCT/US2006/009546

proliferative or apoptotic fractions of T cells .

[0357] As this exanple of the life cycle of islet 1

CD8+ T cell nodel conponent generally illustrates, the

conponents of the Effect D agram_denoted by state and
Tahlgde Represenintive wprélfiemot heiedtp expluaty @@iaaﬁme girtual NOD

mohfidt define the elements of the biological state being
nodel ed. These nat henntical rel ationshi ps_can be
devel oped W t Chowdnaiy2@R appr ofernpé £99f or frat Muttram 2002
the rel evant bi gNegiatal) var| ab{laterandidtep! opi cal (Diabetic)

processes n-oth L he Fffect D : '
Timingiof Rses the ty@et HKs nat hepat i cB-3% wkat i onphi ps Rigkgtic
nadal o | =

ar-e—oteted—wHin gi-vet—podel—conpopent—TIhe
RegINtESr mat i on| caty YHEH %'Seji)ut i nt 80 GERYSERD: hat S/ dpibsfor 5 days
the structufe of the Effect]Diagram In thig way, the
Inciédemiget ur e of 8% es. Mt bkatad st HEVelnp8Y tagatedottpe¥3% remission at 7
conponents pf thi4) wkdel wefe devid whed in p siwkslfallow-up

f ﬂsh: faVal /F! 1n 19!-_\\ »] Ll At An A

f T\
Insplifitet es Ther aphOsDPBESe] Numer od8SYHiser vent i ondohisparted
beentestediTm theNEDTouse-~ g Rl se—of
Imﬁl’iﬁﬁ\egt@ﬁ ing selected inter veDn{g*jlL gﬁggﬁiaggwgﬁgr ovi de
Expéed Vgt S| N0 didhBRs ¥ 40 WRS | KD WiBeteWBEILwRO NN k&hidisn at 7 wks
moftsé€ &’t@{dn@ed as additional bphavioral criter|a thafiokhg,
| virtual npuse should reprodluce in a nmanner

substantially consistent with published data. To serve

this purpose, the.interventions shoul d be relevant to
(0365 saeladan B?SBE%BSJ © PFRRS{Al FEREenhRGLS0] ey qustained

pro%c{ifn? HOR thauedofhed: B8 ARG S R iR Bribfing SPOBE+ T lymphocytes,

verse constraints; and have well characterized .
whivh ehaerinsis{en) with tlecpibdish¢drgport afinpdatitin rgsultsyfrom the intermediate

i npl.epent ed op the nodel ed. bj.ol ogy., The inpagt. qf a .
dosg JRHENH trpthed] whid ol pnicrist e raPshed " r i s @erppe virtal
NODsh@hisd Whd REGH disbetaang 30 kweeles erigdnt, aobxpaaed Ciap dibed Byatment

nmodul at i n? t he bi ol ogi cal pat hways represented in the

a

profgopl didue leag peremigiigtbet es nodel and treating the
virtual nouse. Basedon these pathway effects, the
simul atign QELEP 21 [ ' }Hﬁﬁ
contr ol g’nc}' %i' séase p}l @g%ﬁ%‘i@%m@ﬂ@‘y%&q i m cﬁﬁonate
[0366F eThs iriportance kf Waeypltarn () dendritinad]sy ©pyps bdiabetes 1.

i - | | | bod 145. 2C1 035 R
e R TRt 000 145, B [OSERL o,
efféc® B PlipSsondal gfcﬂ%r&mlﬂ@h@&phéﬁﬁgﬁcgé @ﬁicgjvnﬁﬁj I Mb?f(ﬁi%yof

appears to depend on” tim ng and dose. The role o .
phagneytic @lig wiere ificludap hbles/foblowing effdctsrof imerwenpprowygresreproduced in

actjvatian, and.requl atory cell generati ctivit .
the fitdst-ThL PepsBPrordrEOH B i aret SREY: Ao 3] 5k plolsetion when
adriMBLerb® RS ANEEHrdeeffects of lip-Cl,MDP that were implemented included the

following: (1) depletion of circulating monocytes; and (2) apoptosis of dendritic

ho 1

cells/macrophages in pancreatic lymph nodes and islets. Two published protocols were

implemented, Table 3.
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adm ni stered at
during the
of eugPgTAISLM6/009546

the nodel: (1) disease protection when
birth; (2) no effect when adm ni stered
woneioatsati ¢ phase; and (3) restoration
when admi nistered to diabetic NOD mce. [0360] The
direct effects of a hanster anti-nouse antibody to CD3
(145-2C1 1) that were inplenented included the

cells; (3)

activated T
__cel | —adhesiy
Tingiwg1af et i on

st ages of di

jlfferentlal ef fectf on nave versus

celdasly, pirdorgay) i nhi bi (ineammetliaggidot h

Talect bR %rsﬁﬁf'%ﬁ*' b e Eviiase iF pyaiPes Pl YORapeuse
OGN _CONVentT pnal T Lelhey Ver sUs | Nk 9998 2 oTy T

$ repoPt2twhsat i ng

sease and with di

NOD i €8.Gawksdi f f er
ferent protocols.

Regintdn publ i c

observed in
Table 1. Ta
used to eva

At | 20s] i) webkp t
t he pugﬁﬁzhed ?It

bl e 1. Represent at
uate the aver age

Inc'?& I atrion
protocol sh

devel opnent

0%3{&‘65%)/ cc%}og%?s

sust
of di ab&tes and n

he 1 09qu gimyar | at
rature are shomn

j </ Y SEHPTS IEPIFeoPb
irtual nmouse|

0
m t he
W, ..
initida rimng

Inshliviy mphocyt
report. The

2S , RoMac€d\s i@ty GRANS
si mul ghi.@msr esul t

I Ndr 21l 1MV &y i liBY
s of the internmedi

consistent with t

s diagefeb 3 %%zﬁff X

eve

dose initiation protocol mere

Exgéy?ézi w eﬂl -p%‘di" Belbs of
o azzn ar 12 neeks pro el ed .
e f alt hough there was an i ncreasing delay with

I ater treatnent The simulation results fromtreating

di abetic animals resulted in sustained rem ssion, as
[0368] o rSimalatien resaltp fiom i eerlviprotocoHeasved sustpiaad pratentiondeom the
L Q
R e AP i
intérnfei mtambionnl algb shdmted piddSet{onIoah diHbetes apexearede of
CD8+ T | ynphocytes to type 1 diabetes pathogenesis has

been de rate gh the effects of depleting
ant i bodi @W%ﬁ?g#nanipulation The rol e of

[0388] | I8, déﬁv@feﬂrﬁl Q%éd%g)vag%*és Debry SRR RS eWBSainst disease

|ncorporated in the nodel.” The follow ng effects of
PIOgrﬂSspn end gy beof énteregirin futuwschlinicat tialsiBle effeqt DY Ildil§ @asellular

st S P B bR s

n

FS‘{I'ﬁ efrom the

ohf ot et e gl
intéPéhtioR)weit eprddueadin e plortkl: diﬁea@%té&lbﬂ BeA ¢dofbinant human

The direct effects of antlbo that were

IL 1Qyy9nd ke redeced seyaie ofimsplitis on of CD8+ T | ynphocyt es.
[0369]

pool of endogenous IL-10; thereby increasing the IL-10 concentration and effects on

Exogenous IL-10 was implemented, where the exogenous IL-10 combines with the

disease. The following protocol was implemented, Table 4.
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[0364] Several publications report treating NOD mce

at different stages of disease and with different
wonaaicmogd4s. Three such publications that span PO®US206©809546

of variation observed in the published literature are

shown in Table 2Table 2. Representative Anti-CD3

protocols used to evaluate the average virtual NOD
TaBIPYs eL.1103f%locol RédabicoBluatsSiile aveifage vitthal NODnmbase

treatnent_protocol sho N

the defel opment of dPabelinesi98fd no initial prining]|of
w-th—the—

ChD8+ T 1‘”'“""‘"‘4 S~ "h h—are—coenststent—yv

publis Wé’élm?‘gs?ﬂ#’f. Si fodh¥Edn results fromthe

i nter ratedose—Tn T nt

Wi th {Tﬁggbm%rfl shed r J@egﬂlﬁg ‘g?ﬁ aé“’%/z?gg{eﬁw r tlual
|

NOD nolise was free o abetes at 32 weeks. Finally

as expgptigehcet he di absgey, ¢s. 185092 tomRb] 4128wko! di d ng
lead t rem ssi on. 3f LiP-O MP - Iiposomal

di chl ofonet yl erme—didT 17 ild'l AAAAAA Ie irrporta ce
of mac 18‘ ﬁf& es (and }%e?é& (!tl)F “ i{f?@{mti ype 1

~—+

di abet ¢s—pathogenesi $—has—been—derprRsts at-eg—througt
t her apdmaleRentFIon ¢ 4 I&é‘fea%gg‘éefr'?!“b reUfiRg Mepe of f dct
of I'i p¢somal dichlor )rrethyihﬁﬁgngﬁghgmmop@ap (liP-d

apopt osi s of phag%(% afiGh | S were included.
The folll ow ng effect$ of |ntervent| on were reproduded
[ nodel : (1) di <>ease Iphﬂﬂﬁcﬂnbb@/\inamaeﬂmtmnstered

and (2) disease ectl,on stered
he direct eff(=ct %@%ﬁ?

gnt ed i ncl uded|t he fRi'IO 'H@n (1) depl etl on @
Jting nonocytes; nopdidatisft 1Q§b§+9frréhendrit

i mpl e
circul

_._,,
(@]

cel | s/ fracr ophages in it a¥1ﬁR no esand

I sl et s.}—Fw G 660 A S ,

Tabl e B*F 3B Lsed to eval uat e
the av OD nouse [0367] Si nul ation

results : ,
protection fromt he devel opment of d| abet es,

[0390]'S FﬁﬁlﬁgﬁonWeEJltstdf%@M%{dcﬁ‘ﬁl@wfe& @ﬁ’s"t&mecﬁpﬂ&écﬁbh @0m the

resu fromthe internmedi ate protocol also showed
devmiommmt obdiatietesyratisistent sdththe pxlisbedrpport. Festbeemalysis of the

68]..1L-1 0, d d
simyionatoin iR SLARRT e e Bk Y E el

parf®P4B6 [¥hpH AYdRE aad tl'hsﬂrefsﬁltsaih% réduichibg & inflatrith=8ion Df ¢éhe pancreas.
ef f ect oIf) I L-10 on cellular activation,

differentiation, and apoptosis were i ncI uded. The

fol | owi nd e¥atiBTsl #1d Antilenti on were reproduced in
[osﬁTfrafiPﬁfz i 6&&)5%3;5?%373? B g%g?tﬁaﬂﬁteg ! %cru%aoalﬁe' ARAM7.2 (GL1, rat

severlty of Insulitis.
anti-mouse) antibody treatment produced the surprising result of disease exacerbation rather

than protection. The following effects of intervention were reproduced in the model: ¢}
exacerbation of disease and (2) reduction in innate regulatory T cell population.

[0372] The direct effect of these agents that were implemented included the following: 1)
inhibition of innate regulatory T cell costimulation; (2) partial inhibition of conventional T
cell costimulation; and (3) inhibition of contact-suppression of islet conventional T cells.

The following protocol was implemented, Table 5.
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[ 0369] Exogenous |L-10 was inplenented, where the

exogenous |L-10 conbines with the pool of endogenous
WwOLRem@voter eby i ncreasing the |1L-10 concent r aPCoOUS206/009546

effects on di sease. The follow ng protocol was

i npl enented, Table 4. Table 4. 1L-10 protocol used to

eval uate the average virtual NOD nouse [0370]

Tagjre(rj%J lé&%{ti-gﬁ.llt %ﬁ%‘%‘i’gg?e%@%@#&tﬁ?&g‘%ﬂ@rﬁ%@?‘é@? ﬁgea}i {(])eeqraluate the

avaraps vishelINOD todsee publ i shed report. Further analysis
of the sinulatign results indicated that 1L-10 therapy

reduces the pri

mng of T ce

| sLémschoms l_ﬁ%_cr

-

nodes and this

of the pancreas
initial testing
anti - nouse) and
anti body treatn
di sease exacerb
follow ng effec
the nodel: (1)

reduction in in

sttSs; =
Iming 0f RX 57

—anti-B7 .1 (
Regimeg7 2 (¢
pnt produced
at i on rather
s of intervdg
pxacer bati on
hat e regul at g

lcdqz O I 1T

1 arfd "&TT - B,

teaeh Abreyetygitiey

"t 90, Y 80T 2P
oL Aga

116-10A1__hanstd
 12-4 vgeksa AP ke

t han pdat ecti or].

[0372] The dire
i npl emrented i nc
innate regul ato
i nhibition of c

Fhei@én@ct of
uded t he fol

Fy T cell cos
pnvent i onal T

109058 1RPEEKS v
l owi ng: (1) inh
t i’RY eentrehat 252)

cel | weelst i nul g

(3) inhibition

conventional T

ApEeed JiL

NI L

eatic |ynph

fl ammati on

2 [0371] In
r

use)

result of

The

oduced in

(2)

ation.

at were

i bition of
parti al

tion; and

| et

was

. [l owi n -0t 0CQ
i mpl ement ed, TalSTS8 ORLPME = An?’ch%?g{lorbl ud anti-B7.2
anti body intervention protocol used to evaluate the
average virtual NOD nouse [0373] Sinulation results of
[0378F priomintion resutinetithe peotscolsbwerte 6l5eveekiageelénatiomineanset of

o 3R RSB e SRR Rt o

ubl j shed ..
FelioaBety B IS o pate
regRkdr§ TvéellB wifhi thisiinteBieMBot, itlgdsimuheios rdsultabigpaste® s WlghHicant over-
suggested a significant overexpansion of pathogenic T

expapfips of pathegenjcsT gells inghe igets. i nsulin [0374] Insulin is
one of the autoantigens that has been identified in

type 1 dgah§igSnsutint | 9en specific therapies are of
great interest as a treatnent nodality that m ght be

[03&4#] e &xiselin isorepd the aut@dntigembaha-hme dadmidentafiddaniypeni digbetes.

i t hout. _affect.ing narmal. i ne responses. I .
Anttn bR i e DR (TR intdTak ag e BRaBRBh pofel Ty Rt right be
ex RORH IS spLifRARY 88wh M eiile hid8inkiBMe) WRRoR afREMg normal immune
tol erance. The follow ng effect of intervention was

respanses QUreleadininistrtéomaidasulindiag beereshommtte pratest againstalighstps through
theﬁﬁ%{cﬁ]i)ﬁ tg% 8}ai %Tergrgcep'?ﬁg %orfl%w?ﬁgaflszéc@ oF {niterllvén?iogr&ésdrieﬁggﬁéeﬁ in the
model: disease protection following administration of porcine oral insulin to pre-diabetic
NOD mice

[0375]

wall, resulting in presentation of exogenous insulin antigen to insulin specific T cells in the

Oral insulin administration was implemented as: (1) transferring across the gut

local gut associated lymphoid tissues, requiring composition of a gut and gut associated
lymphoid tissue; and (2) transferring across the gut wall, resulting in distribution through

the blood and presentation in non local tissues including pancreatic lymph nodes and
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[0375] Oral

(1) transferring across the gut wall,

insulin adm nistration was inplenented as:
resulting in

wores®itali on of exogenous insulin antigen to PASWIS2IN6/009546

specific T cells in the |oca
requiring conposition of a gut and gut

tissues,
associated |y

B oS P B

indh&dnWhrBeh1 28:
Mechani sis o

nphoi d ti ssue;

gut associ ate

and (2) transfe

d 1 ynphoi d

rring

stribution thr otjvth 1

ol udmgssgggrgssmn a loca
B8t dr@ T YeIPde] ARAAS e YO PREGTIERS -
oral insulin induced tol erance,

[0376kc| The frlosumpprotesolsringludiag dosedependnnt effisacyoivere implemented,

rregul atory ce
Tdﬂggresented.

Tahle 6 Cxal

I1s) and T cell

del eti on, were

[0376] The follow ng protocols including
TaBRIE OIaPRIBEER prefotelased toevduitephentrhgelyirfighd NOB mouse

Lnsulin protocao

| used to ov

late . the

average virty
showed di seaq

pbut not 0.1 g ora

al Komgddde [
e pro{f“q$ on w
I As

ulin,

377¥hangl P2k i or

ile 3@ oSt eri
consistent wt

r &pmann 1999

g 1 {©mg)

h the

TisninSefRlx dat
ef fects of tH

a. B-5ExwegkBnous
i s agent. t hat

TGE-52 woska8] 1
ler e i nmpl enent eg

he d+4%weeks
i ncl uded

prg?ﬁ ratior

apopt osi s;
4) inhibitid
cel | activati

Lffaranti ot
+—— et

(3

eratior;

T3 1 q
ST P
) potentiation
nlbH2 senld: il thg
on; (15)jweekhi bi t

naot L d

N5-90 webkst0GLag
n of el CO8+/

of iTreg prolif

dét32/ s:.dbhags
i on dfx/wiek / Th2

At 1 A ~f adant @
\v |

5-10 weeks: 1 mg

| Tr ey ek
erati on,;

b5 mieeks: 1 mg
T cdixfweek

lagidengeory T
nhi bi tion of
f ol | ow ng pra
Fxogenous TGH

on: (B oant 1
cePPYoraaind sy f

209Qlogbl /&l 5x€
t ocol
-/3 protocol u

f erdtntreatsdon: o
| homdeagboa 5ol

ed to evaluate

‘F; § 2?%treated VS.
eesdontrdh@ 45

i mpl gment edyeeidabl € 7. Tabl geéks

t he averaqe

xpectad vii@ialn
Aise 0atcontroV

D USedipb37ogt 53i n
ed t hateelGF-
ects the virtudg

uDagbietes sinaigar|to s
when edhtiohi st er
| mce fromdev

2 weeks prot

with the published report and several

d¥o diabetes at 45
ed fr omecks
el opi ng

Teduces TS utTt

S, W T are¢
ot her

onsTstent
publ i shed

[03t717¥> asRahtiel Asetndhowed disexepioBetion WRiBOdnlinBtedingdcmg, but not 0.1
effects of this agent that were inplenmented included

mgraval ingilinggpnstptent Fithghe pelishedbdittdent enhancenment of

i nsulin secretion;

(3)

i ncreased b cel
of endot hel i al

cel |

(2) decrease in b cell apoptosis;
proliferation; and (4) inhibition
adhesi on nol ecul es. The foll ow ng

pr ot ocol 7waBxagepbwsBGFedl, Table 8. Table 8. Protocol

f din-4.t al yat et h
078} ¢ T5F e elistBSr BB aghEftal Raf Birihyid e
@ﬂﬂhiﬁitﬁ%f@ﬂzi}/@bgmuwgiapbptdsis; (3)
ad no effect on the incidence or

inhBi8sgdbPeH4LIE8

results that

3¢ FRIRY AR,
|

31\(1% ﬁl%%ollowing: (1)

potentiationpiéhreg proliferation;dd) inbibifipreefdandritie pelgmacrophage and NK cell
activation; (5) inhibition of Th1/Th2 T cell differentiation; (6) potentiation of adaptive

regulatory T cell T cell differentiation; and (7) inhibition of endothelial cell adhesion

molecules. The following protocol was implemented, Table 7.
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cell mass (data not shown). 9. Anti-CD40L [0382] The

direct effects of this agent that were inplenented
wonaderwded4t he foll owi ng: (1) inhibition of PCT/US2006/009546

costimul ati on of conventional CD4+ cells; (2) CD8+ T

cell activation by decreasing CD4+ T cell help; (3) B

| ynphocyte activation; (4) dendri ti c cel |l / macr ophage

it Siaeenir e Ebuocntl B SR ST e op mouse

protocol was 1 pr enmemt Eficed rablre 9. Protocol
for anti-CD40L therapy used to eval uate the average

Tlﬂﬁ,{gtd;q}emfmuse Si mul pi3zogks esul ts of the protocol
 showed that anti-CD40I when admnistered from3-12

Regisedns protects the virt 260 ngofis6MV-JGRBY evapi2ngks until 32 wks of
di abetes and reduces inpgditis, which is consistent

with the published reponit nd fgﬁver al ot her %‘Jfgl i shed
treatment protocols. 10. cin

protects pre-diabetic I\@merféﬁtedkml: Bausb@e pastiti sH@EEhmawati
rem ssion in overtly dipfghi c NOD mce. This agent

acts on the protein kinphse mammllan target of

Incidpmeyci n (NMTOR), a keyP2%ogul HI0%6 cmiter@thngﬂ{@wth and

tion—wi-th khowh-effects—on T and B

L proliferat
Insl“}t‘ﬁ'ﬁhocyt es 11. Anti-| LREd?@ééﬂ‘Ie%‘dﬁrH’is‘élﬂtisatl on of an

R T TN T N e R AN

ExE@Jtul @frttﬁ[}qn&\}se JutddBRET N BAKERGE 35 hald contr ol

ni mal s he nmechani sm pf action appears to be tied to
selective reduction in the o nunbher of COA+CD25+ T

regul atory cells over conventional CD4+CD25- T cells.

O Sl ELSHAREH BB DR SRR GED. A it rom >

© 32 ek SrotedBRAbe ﬁﬁ'ﬁuﬁgmﬂ:e\/ﬂ'(ﬂﬁ?dM@Idgﬁﬁle@f}d@@éﬂM@&&e@mmltls which are

treat| ng different stages in disease progressn on
congisitenit tithghe ppllishodrepge apsl peveral oloDPRYILbed freatmeahpitpcpls-
a manner substantively consistent with these known
patternsgofpresponse provides assurance 5 that the
vi rtual m)use I's a high fidelity representation of the
[038ap o Tat dirgctNCidctywi s agamit mt whiel intpdsndrited mmhuded the following: (1)

val i dat ed. 386 Varl ous..nodi fi c ns and ations
slugpse fertsot PRISIERER RS RSB D Aessee 1A FBRptosis: (3
inc¥dakdd D EcIPPRAFEMor:; And (HSENiBHoh € EnddthdiAe AT 4dhekibh &itlecules. The

departing fromthé scope and
following protocol was implemented, Table 8.

Table 8. Protocol for Exendin-4 therapy used to evaluate the average virtual NOD

mouse
Ogawa 2004
Timing of treatment 7-17 days after diagnosis of diabetes
Regimen 12 nmol/kg of exendin-4 for 4 consec. days twice (days 0-3
and 7-10)
Dose: 0.3 nmol
Effective dose: 0.003 nmol (Parkes 2001)
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spirit of the invention. Although the invention has

been described in connection with O specific preferred
wentmdvysamt s, it shoul d be understood that thePCT/US2006/009546

i nvention as clainmed should not be unduly limted to

such specific enbodi nents. |ndeed, various

nodi fi cati ons of the descri bed nodes for carrying out

The Tnvention which apgy Hl\éhl‘?fﬂ?mﬁl NdResEcshidiied 1n
the art are intended |t lge wth %%%e scgpe of the

followi ng clainms. WHAT | S CLAI I\/ED IS: 1. A nethod for
devel opi ng a nodel of|f type 1 diabetes said nethod
conprising: identifyilng one or nore biol ogical

ﬁf\ At f\A A L
I“ﬁﬂ@WFifylng one or nnﬁ@rﬁpﬁﬁ8§lcal processes associ at e

e&‘éd‘&ﬂ‘??éi'mb'ﬁ’s’ee pdnuws%ﬂlfs | BI ets, mathenatTcatty

I'ng each bidlogical process to generate one

ese
P“‘W%%bre representatidns of a biological process

associated w th the pancreatic |ynph node and one or

nore representations of a biological process
[038d4 o Simpletiomiashlts pEExsndinod tragmenpwerscensistent wittethe:publighed

r t n rocesses
res%ﬁ??‘lap rtn ﬁlngd %gft‘%&%};ﬁﬁg e ﬁ#hg %b(%yglgpl%ﬁgt%fdaabﬁg S (gaprgsfervatlon of B
celt hraksaidita dovglidver). conpri sing: identifying one or nore

bi ol ogi cal processes associated with a gut and/or gut

associatgdnéynph0| ti ssue; and mathematically

representi ngA{cid ¥ ol ogi cal process associated wth

“’%?3? A ggﬁta gﬁ@&/&fec&wf {128 886 ot el itifiGhéhtld ReHRed fhe fIP@wmg 1)

et calml, wherein the on or nor e ancrealc
inhikitien of wtnmuﬂ@m of comeeativndl D pracedls p@) C&)&+sT etls act147at10n by

oo BRIy T 5 Bl el AR e PS8

actPAfGhEadI(5) S0 RhiBRidR of Sxeddid@ FRIESMiohORESISs b€ baddEkklial cells.
to a balance of effector and regulatory cel

The épllaveng presocob wayHaplgmenisd, Tablef ai m 4, wherein the
TaF)?e%“ ?lto%%ol ‘f’c?lj Antp Qﬁﬁﬂg} ﬂhgpa %PJQ% 13 %%Jﬁgle tﬁe?{ era%nglr?uaﬁ NOD

I neage erein
1nmﬁgulatory cell popul ation conprises regulatory T
cells.
Balasa 1997 (early)

Timing of Rx 3 - 12 wks

Regimen 250 pgi.p. at day 0,2,4
and at wk 6,9 and 12

Incidence 0% vs. 80% control at 31
wks

Insulitis No insulitis

Expected virtual [No diabetes at 31 wks
Imouse outcome

Simulation results of the protocol showed that anti-CD40L, when administered from 3-12
weeks protects the virtual mouse from developing diabetes and reduces insulitis, which is

consistent with the published report and several other published treatment protocols.
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7. The method of claim®6, wherein the regulatory T
cells of the regulatory cell population do not express
wonooeinsi4e ef fector cell activity.8. The net ho#CofUS2006/009546
claim®6, wherein the regulatory T cells of the
regul atory cell population include both innate
regulatory T cells and adaptive regulatory T cells. 9.
The net hod,of claim®6, wherein the regulatory T cells
of the rdgBPRPB¥S™Mcel | popul ation suppress effector T
[ossqu | Réfabryéint protéts ped-aiabéticNOD mitief ewttfaitetolindics msrnlsﬂlOn in
he nethod of claim1, wherein at | east one of ne
oveﬁlry M@GMQD@@P%T% pae sels on A protein Kipass MAmEH a%FaIge °
rap Og;cefn ail%e r%%l%? of §el Bival Qﬁfﬁ‘r@hfepaftﬁﬁ‘iﬁ% kvt &fbcts on
ect or a regulatory cel
TamDBlllymp]lmjy&s 11 The method of claim 10, wher ein the
regul atory cell popul ation conprises cells of |ynphoid
| i neage. Jhe.nmethod of claim 10, wherein the
regulatdp§%€@1ﬂ;ﬁopulatlon conprises regulatory T

(0384 | Rdmin3siralidf ofBh Rtbadly aghidstML1Pto magatel NODh@ice exacerbates the
regul atory T cells of the regulatory ceI | . popul at |

disedee, WGt tesapedeanimpls deyeleping debeles earligigand a adyghier WCK{P ce than
confrﬂg}f)rﬁ { 5| ;Iﬁ;ls %iﬁm%ﬁ?% %ﬁc!ﬁaa\f):pﬁgrs tPOPHL Ll s%f%@@@@lle@uctlon in the

07 ereon upon execution by a
nunied 6€ EPRIH-CDR3u SPereghiatdry oelsseer cd)m/eﬁtlmdl ﬁﬁ)él-HCﬁ% T cells.
di abetes, and further wher ei n tlons

(0388 PR Borags A DYIP FRoser seeretes b et fopplsven
dlf@feﬁ ﬁlgfaggﬁtl@{%éﬁﬁsﬁﬁéu@ﬁﬁé)& LAASFhritty 8F ARG aRd trelting different

emat | cal representing one or nore
sta@s ik digeasalprqgressions dheabiivy ofatfne dvemgmvmﬁtiél ©Dppese to respond in a

S oSl TR B T 68 o

thaPih@vRelaf ﬁlouﬁhr i @ﬁh%@ﬁﬁdélﬁy fpréventation of the flaboyeryINOD mouse and
di abet es. . The conput er-readabl e nedi um of cl aim
eﬁmﬂ$hmmh¢amnﬁuﬁewhd®¥duct|ons further conprise

h tical re r
[038?]; C?mgés Iggé ﬁg?tgﬁlg gﬁ(\% Q%\%l{cﬂg)ng g? thd d ?@{b%d me?lléds%g% d stem of the
invalﬁfﬂﬂ%@i}g)d dppereat tbﬁh%s'EfSRilIEdﬁ@ﬂie&irt-WE]zhdn kibp}artngi from thé scope and
claim erein the instructions fur ise
SpiBoalehe Fgnie A sEh e JOREITIgR his Dive CTorbg &t FAEHETEY Lo
spe%isﬁsc%%i% ?&J ef?f‘ogﬂnfégﬁ R_flﬁ&[ﬁ& Be gﬁdéﬁgoﬁrﬁ{ahmﬁ‘l'éﬁﬁbn as claimed
representations conput er - r eadabl e nmedi um of
sh(mlchncrtlblaffhndullyémtad tb lsech spetifiscnibodandnts. fidsed, various modifications
of the described modes for carrying out the invention which are obvious to those skilled in

the art are intended to be within the scope of the following claims.
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conprise accepting user input specifying one or nore
vari abl es associated with one or nore of the
worbde@ostsi cal representations. 18. The PCT/US2006/009546
conmput er - r eadabl e nmedi um of claim 14, wherein the
instructions further conprise applying a virtua
protocol to the nodel of type 1 diabetes. 19. The
WHRFPH § AT ke nedium of claim 14, wherein the
Instructions further conprise defining one or nore
virtual patients. 20. A system conprising: a) a

r .includi ng co er.-readahl e instructions
L O ke S ST SE e By bl Cosprsng
grganﬁgwhg%ns Bpﬁﬁéﬁ’i()lcfgfbaﬁbﬁ%s%és?as%é(&ﬁe&w%aa%ﬁ%aﬁcgllyﬁné)_h node;

, the conmputer readabl e instructions “conpri
iflenidyingone ot mokg/biokogicabprocésses asecige withranelvr olave paratreatic
processes associated with a pancreatic |ynph node; ii)

et tically representing one or nore biologica

phaheaseR1lR $&R6dentifElcabhtbiol05ialqfrodRs & RABRIEM dF more
islets; iil) defining a set of mathemati cal _
r el EPFesaRATioNs of @ bielegicelHaoeesp peseeinted tviithnbe pancreatic lymph node

bi o ] b ad. j necr eat |

y i i OGS ETSERARRO Rt £ Bballal iob S BERE AR e one or
assoorapadrentit fslétliteindne or nore pancreatic islets; iv)
applyi.ng.a virtual  protocol to the set of mathemati cal
P@P@%ﬁlﬁ%%fﬁ@eﬁ&%@ﬁ%f’ ?@P%l@gwos?ssswpfeﬂ%,anaf)deboff‘wgﬂ
usegiab&kdn nal, the first user termnal operable to

receive a user input specifying one or nore paraneters

associated Wi th one or nore mat hemati cal
2. r eplbeasthediod ekimds funthdr bympiiging onput er r eadabl e

i I ions;. and.c) a second user.termnal, th .
BR8P PR Gl oR B ERREe Bt HuBRist forsgut essociated
out Buighoidtigugemand user.2 1. A nethod for devel opi ng

a npdel of progression of type 1 diabetes said method
deptpematically repaeseniing sash bilesiel pieness assetiagd with the gut and/or gut

Pr ogesSSsed n@fdi@{i%ev‘“h devel opnent of each of at
| east two conditions selected fromthe group

consi sting of autoreactive T cell production,
3. aut themethodef ¢laom|ll wherein thg pné osmbie pasicaatic islets comprises at least

twohﬁ/é;%%rregjtig fs?el?si. a

4. The method of claim 1, wherein at least one of the one or more biological processes
associated with a pancreatic lymph node is a biological process related to a balance of

effector and regulatory cell populations.

5. The method of claim 4, wherein the regulatory cell population comprises cells of

lymphoid lineage.

6. The method of claim 4, wherein the regulatory cell population comprises regulatory
T cells.

7. The method of claim 6, wherein the regulatory T cells of the regulatory cell

population do not express intrinsic effector cell activity.
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mat hematically representing each biol ogical process to

generate one or nore representations of a biol ogical
wonrop@ess4associ ated with each of the at | east PGWD/US2006/009546

condi tions; and conbi ning the representations of

bi ol ogi cal processes to forma nodel of progression of

type 1 diabetes. 22. The nethod of claim2l, wherein

theat | east .t ndi tio ' SWal 1
8 hy paRemrlimor o5y & Tt R SEAROLTE o B BBy sl
poflaticddfiélnl $Both efeditd tepiRitorp Tklls endadapti eaighilaeory Teeedls.
primng. 24. The nethod of claim2l, wherein
autoreactive T cell primng inc¢lud bi o] ogi cal
9 pr odbe Pefhadafelaing, ﬁs&%ﬁe@e atgny b el ofdhgregulatory cell
polgrlg%wn ﬁgﬁéss‘:&*féctd}@lpb’éllaédti%ﬂ? via?BrecthROAMKCE nctRARAR, €
I um havi ng conputer-readabl e instructions stored
t hereon that, upon execution by a Tgr ocessor, cause the
10pr o@bs sethadofsiaim| lamdeminatrieast pahoidhe pyper mori iblegisgl processes

and, fur.ther wherein the.i.nstructions rise:
ssspeicd Al i S Pt N G Ebis e BURELS it @ batance of
iR OCAITESul AoBPEd Bcpilldtiohd) devel opment of each of at
| east two conditions selected fromthe group
consi sting of autoreactive T cell proguction, .
1 aut She BetHORoEPIEm! 10, Bheraige r‘?@ﬂ&m@tqeﬂ PgRuation comprises cells of
1 "ﬁ%ﬂﬁéﬁ m a; b) defining a set of mathemati cal
rel ationshi ps between the representations of
bi ol ogi cal processes to forma nodel of progression of
12t y p&@hd netitlatdetfetaim2l), wheeirchapegudatonyecst] plopelatren cempges
cbﬂ?i m,]125, wherein the instructions further conprise
TeYAAYt ¥ Suser i nput specifying one or nore paraneters
associated with one or nore of the mathemati cal
131 epmas efutlid shitair /12, WherefOiip bé@il ato5al adllser filshicgnlairy cell
claim 25, wherein the instructions further conprise
popdatign daeptiexaress inginsisefiscior gethacthiy: or nore vari abl es
associated with one or nore of the mathemati cal
repne ] : € :
L R ST e SR ns F ARl TRICKUIR Bbred thereon
thatpploy ierepusion by taupadcepsars cusd the pradessontrosmubate ttygsel diabetes, and

gi ag&tﬁes. 29. Thf conput er -r eadabl e nedi um of claim
T @%ﬂ\‘?“ﬁ’i@lmﬂ%st?c t1%ns further conprise defining
0of)e nRfthdiiRalYy Fepkabntiat diRr $nore biological processes associated with a
pancreatic lymph node;

b) mathematically representing one or more biological processes associated with one or
more pancreatic islets;
c¢) defining a set of mathematical relationships between the representations of

biological processes to form a model of type 1 diabetes.

15.  The computer-readable medium of claim 14, wherein the instructions further
comprise mathematically representing one or more biological processes associated with a

gut and/or gut associated lymphoid tissue.
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30. A system conprising: a) a processor including

conputer-readabl e instructions stored thereon that,
wapes/esdeut i on by a processor, cause the proceesmis2106/009546

simul ate progression of type 1 diabetes in a nmanmal

t he conputer readable instructions conprising: i)

mat hematical |y representing one or nore biol ogica

processes assoc

| h aof
16 a8 eprdemaniais medumef it PO HRs begtircionsfurther
corif¥istl bdphidg %Eeﬁﬁﬁlﬁrsﬁécﬁfylﬂgaon-@ di@hdre PhREHEEré Aociated with one or

autoreactive T cell pri'mmng; insulitis and
motﬂ/@ﬁsﬂlglmﬂ@maacall rﬁ])re@mtatmmg a set of mathenati cal

rel ati onshi ps between the representatlons of

b|o r oc4 at.ed, Wi

17RO BE RS ME AR AU L b 3855 e
corptiseGiccephing @@ tihpt specifyaig emesdtinpsre tvarigidecasaddatad s4th omk or more

outputs; b) a first user termnal, the first user
Of@@Pﬁﬁm%mﬂﬁébﬁﬂﬁﬁgﬁ@B”Fece|ve a user input specifying

one or nore paraneters associated with one or nore
18.mat 'Tﬁ@@&hﬁ@tlar-fe%@eﬂﬁé RRERN ONSaide4d, Raldrdl tehBstrREBI eﬁmer

readable Tnstructions; and c) a second user term na
cornprisespplying arsietuat potricabio thpmodellof typs lpdishétele t he set

of outputs to a second user. 31. A nethod for

dev opin syj i

194 P RRPR-F1q Rigo Rl PLObREM, het R HREBHERigns e
cothpiéset defiting®ne e nre Mdfual Pitiehisgi cal processes

associated with a b cell population in at |east one of

one or nore pancreatic islets;identifying one or nore
20.5; oPotyrlem CIPPEERes associ at ed with an effect of the

?ﬁt E)fb%@és'of‘l cﬁﬂlu?gcgdﬁ?l\ttertlre&ﬁ%f@ﬂhr&ftlohé’ﬁ@reh tRerBREISES upon

matically representing each biol ogical process’to
genex@ugombyea procassog caegrtbe proceatsboiossimhlate typol dipbeteh in a
processfﬁtﬁoc iated w ul ati on and one
€

the b |1
P ChERandloR EuBhtidr i Puleog soReBHnE! o onss

associipt gthdndaficary E)fe@&{tlrfgfon% e nivdbidfdgidal processes associated
repl acenent treatnment of type 1 diabetes; and

conbi ni ngnthra@an@q@a@@bfmmatmdﬂs of bi ol ogi cal processes

00 1 oul RoffRERliealy ReBSliae P lofEL AR be bRt ARBLinted

further oofhedr Adré pancsdatip $sletb;:

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

biological processes associated with the pancreatic lymph node and
representations of biological processes associated with the one or more
pancreatic islets;

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

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

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

outputs to a second user.

-81-



10

15

20

25

i dentifying one or nore biological processes

associated with a pancreatic |ynph node; and
worbdemastsical |y representing each biol ogi cal pPOTES2006/009546

generate one or nore representations of a biologica

process associated with the pancreatic |ynph node. 33.

The nethod of claim 31, wherein the one or nore

bi ol |

210 natAeRl (REASHES (SR bELELAbN ok BBe T et qeid method
cmﬁpmﬂngﬂune response against the b cells. 34. The

ng &§§Of claim 31, wherein the one or nore biologica

89ng expoTehislesigel ProFersrseasseaigfec Witk dewelepmptiodiegch of at

ab [

b cu et BB R AR U SOt odbigiER oFh ABRGR Y. (8

t heprodectiom, patoreakii ”Dgelbpmmmgpmah’esam]slwpet@yc&ﬁliw th

[ ner easin 8.8 bi ol o i cal process
GRS BHy drrtroen el HR I rd meont saereln e onese

of fép?és@htﬁtlons%f%ﬂﬁ(blﬁ Tcﬁ‘lepr%l-‘:@s sobiRled v@ﬂpéagﬂ lof&le at least two

processes associ at ed MAth i ncreasi ng cell's conprises

a bPYIddignsaindor ocess associated with b cell

RO N T AR T O —

asstpedtdigsberdst h the b cell popul ation is a biological
process related to a bal ance of effector and
reg atory .c tlon 38. The nethod of claim
22. 37 Betiod of ﬁJé rﬁ@@ ?f&}nyt & 81 leagh g5 pardidonscomprise nsulitis and
hyﬁé@élkz@enﬁﬁ | ynphoi d |'ineage. 39. The nethod of claim 37,
wherein the regul atory cell population conprises
regul atory T cells. 40. The nethod of claim 39,
23.whethkg methied of elgir 3t owhergingbe hideast twi eondétgersaooipyise alitoreactive T
celPSR Jl ation do not express intrinsic effector cell
VPty. 4 1. A conputer-readabl e medi um havi ng
conmput er -readabl e i nstructions stored thereon that,

24, upo’ﬂhemeﬂmﬂlotﬁ olaliy 22, WhaeRsmreactias Tecell @ﬂnﬁﬁg’ GRBEIRE a‘b‘iblogwal
n repl acenent treatnent of pe 1 diabetes

Progésy r?rlaﬁe{i] balaasent s ierier pribteeuistars el pemistiose. a)

mat hemat i cal |y representing one or nore biological

25.pr Oﬁ%ﬁﬁ)ﬁte@?&‘aﬁbl@rﬁéﬂlﬂﬁlﬁgwﬁ o hﬂer p&@%ﬂl@ﬁﬂsﬂﬁcﬁ&s%‘ored thereon

| east one of one or nore pa cre tlc 'S
thatyporeerecitien bya p@pc%ee nalusegh@preccmorrm rsentlael pnggremmn of type 1

[.OCes asspci at an effect of the non-insulin
dlal?eep ﬁ\gﬂ]le B gﬁ‘éﬁfnm%?cq(ﬁ’ﬁéoﬁlpﬂﬁ%bet es;

a) mathematically representing one or more biological processes associated with

development of each of at least two conditions selected from the group consisting of
autoreactive T cell production, autoreactive T cell priming; insulitis and
hyperglycemia;

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

biological processes to form a model of progression of type 1 diabetes.

26.  The computer-readable medium of claim 25, wherein the instructions further
comprise accepting user input specifying one or more parameters associated with one or

more of the mathematical representations.
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c) defining a set of mathematical rel ati onships

bet ween the representati ons of biological processes to
woanwosawdel of the non-insulin replacenent tPEatUSENG/009546

of type 1 diabetes. 42. The conputer-readabl e nedi um

of claim4 1, wherein the instructions further

conprise mathematically representing one or nore

bi o i cal proc es assoc} at.ed.- W t.h a pancr.eat.i c
27,y i RE hoRe Bl s et S O LA e B BB o e
cofipriseM8ERInG dsBeinpMShEHBlin e drifidre&hrishlePissé@ated with one or more
mat hemat'i cal |y representing one or nore biol ogical

of the etbeeaticabreprdsentaliPnii t h a gut and/or gut associ at ed
| ynphoid tissue. 44. The conputer-readabl e nmedi um of

28! Al 4odpuidhRl8hdle H&aidnpég Sikt6t 59 Neh Ul WEhs B Rfther

accepting user 1 nput specifying dne or nore paraneters
corapsisecipptyenig awirtuabpetorol twothemoflel dfaypent fiabetts. cal
representations. 45. The conputer-readabl e nmedi um of

laim4 1, wherein the.i Ct | f h r i
290 BBF FAGPHERTear ARG O BB or g Rt Srttherin s AR Rier
coBpRRCdeingth Weld? 118 vRfualpdtRnff the nathemati cal

representati ons. 46. The conput er-readabl e nmedi um of

claim4 1, wherein the instructions further conprise
30.appAysyEtsa COMPEIBAR: prot ocol to the nodel of type 1

i T ' ) gt :
° gk Rsscf fciokife SRS BRRNRTRE kRAh g DRI bpon
oneexxcution by wiprddeador,aatisesthe procdSor # ssyatasnprogression of type 1
conprising: a) a processor, inc i Ng, conput er - r.eadabl e

s Braeier B gLl FORBUA FROAD UgSIEHERBEOIPE By o

pr oces;so .

o tyne. PoAFRUARART RpREBRERARS ot REb Dol Ity Hgttred

i nst r uct vothsdevelopmicsti ofgach §f atdeasetivent ¢opditiops selected from the group

representing one .or, nore hiol.ogi cal .processes o
b0 at Gorat i g Abrofertys £ SpR Aot SETEEve T esit priming;
mat henat igalitiy adERypRESenig one or nore bi ol ogi cal
processes associated wth a b cell population in at

| east iDnédefting pecinfanahemasical jslationgups betweensthe represeptations of
mat hemat i YRS i [k 0 L0l 0gi. .

pr ocesse LRk PERieERE B BteB ity UL e B ERY:

r epl acigyepplyingeatifted pradcd ypthe ket fahatha@natidal jel divhslipn

a set of mathematical relationships between the

r epr esenBSASTHRS sgt of outputs;

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

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

outputs to a second user.

31. A method for developing a model of a non-insulin replacement treatment of type 1
diabetes said method comprising:
identifying one or more biological processes associated with a B cell population in at

least one of one or more pancreatic islets;
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bi ol ogi cal processes associated with the one or nore
pancreatic islets and the representations of

woialemgdaal processes associated with the b cePCT/US2006/009546
popul ati on and the representati ons associated with an
effect of the non-insulin replacenment treatnent of
type 1 diabetes; v) applying a virtual protocol to the

set of. mat hematical . rel ati onshi ps t enerate.a s of . .
e iving e Shtors Biolqgical brogintaocifad W @i githe Ron-insulin
t er paplatemeReahentldT tyRCEdisetés; user i nput specifying

one_or nore paranmeters associated with one or nore

ratthematicatlyrenressnting packthiolpsicelarponse tongenetaée ensgrunese

readabl e inpstructi.ons; and c ecqnd..user, term nal.

{ ho DL Em AL AP RBical PEeSt afe R Rt bl Elion and one
of  etinpid epicReatids VTd biksiGsical pPoceds 4B6NNEd Qfith an effect of the non-
simulating type 1 diabetes, said nmethod conprising

ex einsplimierdacemeptireatmanipdtynstl dighsses) ang abet es
. Ji t i . .
GRS g e RaRRthy s B pRIIE prbest oM A tod pe d BBl
Vi 1 tepddcepicnt Deadhefit@ftyye Icdiapatéser nodel to generate set
of outputs representing a phenotype of type 1
di ahetes., 51.. The hqgd of clai m 50, wherein the
3201 e P s ComPH A BRSlep £0r gl ren. a

dhagnpRkiche BF ﬁfb@é’b‘ibfogid%gﬁl%;?_ﬁs%esoéssééiﬂﬁd wilh SPAREREE STy node;

envi ronnent al toxi ns. e nethod of clai m 50,

wheerd n t he phenotype represents a di seased state. 53.

The, met hod of clai.m 49, .further co i Sing,acceptin
TOSRIRRH SiprtrRlifh skt ot R SRR P SR b

var repbdsentatiSmco o 1aelogichprof®s adsobmied witd thepahdrealc lymPh node.
representations prior to executing the conputer nodel.

54. The nethaod_ of claim 53, wherein the user input )
33.conpie gsthod ofelaimi 3L whersin the one primoreRipioginel prggesses associated

. - ' . ..hi al g
AP 08 QAR AL SRR AL4 B4R 8 Bk espons
agﬁﬂgmgﬂpcaﬁe tissue conprises a plurality of distinct

di stributed sites and the representation of the tissue

conprises a plurality of representations, wherein each

34of t h@nﬁ]hﬂdaqfida}mérln rlpresin PBe PoReTegogicat Bigcessespssociated
. . { . st t .
i GBIl PRl Bt b UL G R e or e

aim
celkabdeited from the group consisting of |lung, brain,
liver, joints, intestine and pancreas.

35.  The method of claim 31, wherein the one or more biological processes associated

with increasing 3 cells comprises a biological process associated with f cell proliferation.

36.  The method of claim 31, wherein the one or more biological processes associated

with increasing 3 cells comprises a biological process associated with 3 cell neogenesis.

37.  The method of claim 31, wherein at least one of the one or more biological
processes associated with the § cell population is a biological process related to a balance of

effector and regulatory cell populations.
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57. the nodel of claimb55, wherein the distinct

distributed sites describe spatial heterogeneity
wonzodsioaotthe ti ssue. 58. The nodel of clai m 55, PeNRISEI06/009546

the distinct distributed sites describe tenporal

het erogeneity within the tissue. 59. The nodel of

cI ai m 55, wherein the distinct distributed sites

%hr?? ]ﬁcgd %’1{ c&%ﬁlteS PUALES r@éﬁ&ﬁﬁﬁ’&ll%pgfati@n dbapHLR cells of
lymph01d lineage.

39.  The method of claim 37, wherein the regulatory cell population comprises

regulatory T cells.

40.  The method of claim 39, wherein the regulatory T cells of the regulatory cell

population do not express intrinsic effector cell activity.

41. A computer-readable medium having computer-readable instructions stored thereon
that, upon execution by a processor, cause the processor to a non-insulin replacement
treatment of type 1 diabetes and further wherein the instructions comprise:
a) mathematically representing one or more biological processes associated with a 3
cell population in at least one of one or more pancreatic islets;
b) mathematically representing one or more biological processes associated with an
effect of the non-insulin replacement treatment of type 1 diabetes;
¢) defining a set of mathematical relationships between the representations of
biological processes to form a model of the non-insulin replacement treatment of

type 1 diabetes.

42.  The computer-readable medium of claim 41, wherein the instructions further
comprise mathematically representing one or more biological processes associated with a

pancreatic lymph node.

43.  The computer-readable medium of claim 41, wherein the instructions further
comprise mathematically representing one or more biological processes associated with a

gut and/or gut associated lymphoid tissue.

44,  The computer-readable medium of claim 41, wherein the instructions further
comprise accepting user input specifying one or more parameters associated with one or

more of the mathematical representations.

45.  The computer-readable medium of claim 41, wherein the instructions further
comprise accepting user input specifying one or more variables associated with one or more

of the mathematical representations.
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46.  The computer-readable medium of claim 41, wherein the instructions further

comprise applying a virtual protocol to the model of type 1 diabetes.

47.  The computer-readable medium of claim 41, wherein the instructions further

comprise defining one or more virtual patients.

48. A system, comprising:

a) aprocessor including computer-readable instructions stored thereon that, upon
execution by a processor, cause the processor to simulate progression of type 1
diabetes in a mammal, the computer readable instructions comprising:

i) mathematically representing one or more biological processes associated
with one or more pancreatic islets;

ii) mathematically representing one or more biological processes associated
with a B cell population in at least one of the one or more pancreatic islets;

iii) mathematically representing one or more biological processes associated
with an effect of a non-insulin replacement treatment of type 1 diabetes;

iv) defining a set of mathematical relationships between the representations of
biological processes associated with the one or more pancreatic islets and the
representations of biological processes associated with the 3 cell population
and the representations associated with an effect of the non-insulin
replacement treatment of type 1 diabetes;

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

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

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

outputs to a second user.

49. A method of simulating type 1 diabetes, said method comprising executing a

computer model of type 1 diabetes according to any one of claims 14, 25 and 41.
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50. The method of claim 46, further comprising applying a virtual protocol to the

computer model to generate set of outputs representing a phenotype of type 1 diabetes.

51.  Themethod of claim 50, wherein the virtual protocol comprises a therapeutic

regimen, a diagnostic procedure, passage of time, or exposure to environmental toxins.
52.  The method of claim 50, wherein the phenotype represents a diseased state.

53.  The method of claim 49, further comprising accepting user input specifying one or
more parameters or variable associated with one or more mathematical representations prior

to executing the computer model.

54.  Themethod of claim 53, wherein the user input comprises a definition of a virtual

patient.

55. A computer-based mathematical model of a biological system comprising a
representation of a tissue, wherein the tissue comprises a plurality of distinct distributed
sites and the representation of the tissue comprises a plurality of representations, wherein
each of the plurality of representations associated with one of the plurality of distinct

distributed sites.

56.  The model of claim 55, wherein the tissue is selected from the group consisting of

lung, brain, liver, joints, intestine and pancreas.

57.  the model of claim 55, wherein the distinct distributed sites describe spatial

heterogeneity within the tissue.

58.  Themodel of claim 55, wherein the distinct distributed sites describe temporal

heterogeneity within the tissue.

59.  Themodel of claim 55, wherein the distinct distributed sites describe distinct stages

in progression of a disorder within the tissue.
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