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U.S. Prov1smna1 Patent Application Serial No. 60/301,278, filed June 28, 2001, entitled
“Method and Apparatus for Computer Modeling of T Cells,” the specification of which is

incorporated herein by reference.

BACKGROUND OF THE INVENTION

| The present invention relates generally to a computer model of the adaptive immune
response. In one embodiment, the present invention relates to a computer model of the
adaptive immune response within the framework of signals conveyed at the site of antigen
exposure, where the signals include signals impacting antigen-presenting cells (APCs) and
‘signals delivered by APCs and by responding lymphocytes. In another embodiment, the
present invention relates to an analytical model of an adaptive immune response.

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

specific.
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the site Sf I;Amaalyﬁ?? mﬂqﬁafas??n(gep?t the?ae@tm_dﬁﬁgenl exﬁ@m? ghdaarfg §g§ieari1ﬁPCS
t ak rocess antigen a e sjte of antjigen exposu )
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directed to the” APCs at the site of antigen exposure,

whi ch APCshape thecnyeesrer ﬁ:ywpicbsfﬁs abscicgemlyhprelsgrrnahﬁgquteléymmmytm?mm??]ﬂempc
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environment in which antigen is taken up and significantly contributes to the development
of a T helper (Th) 1 or Th2 biased T lymphocyte response.
Once activated, lymphocytes may directly or indirectly drive a cellular or humoral
20 adaptive immune response. In the case of an infecting pathogen, a cellular response is
characterized by antigen-specific lymphocytes that traffic to the site of pathogen exposure.
The lymphocytes, which recognize antigen derived from the pathogen, may then directly
kill the pathogen or activate other immune cells to kill the pathogen. A humoral response is
characterized by antigen-specific lymphocytes that generate an antigen-specific antibody
25 response; the antibodies bind the pathogens and facilitate their clearance from the body. As
described above for Thl and Th2 lymphocyte responses, the generation of cellular and/or
humoral adaptive immune responses is largely guided by a combination of antigen and
context.
The adaptive immune response also generates memory lymphocytes, which allow
30 the immune system to increase its response efficiency. In the case of an infecting pathogen,
these antigen-specific long-lived lymphocytes remain in the body after the pathogen is
cleared, such that in later encounters with the same pathogen, the immune system responds

more quickly and with greater strength than in the first encounter. Immune memory is
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understanding of immune processes improves, some newer treatments have been directed

towards modifying the underlying inappropriate immune response. This effort has been
complicated by the fact that the adaptive response is highly complex, highly redundant, and
tightly regulated, making the selection of appropriate intervention sites difficult.

20 The etiologies of inappropriate immune responses that manifest as antoimmune
diseases (e.g., rheumatoid arthritis, multiple sclerosis, inflammatory bowel disease) are
unproven but likely include genetic factors, history of exposure to environmental elements,
and history of exposure to pathogens. The result is an inappropriéte adaptive immune
response to a self-molecule (antigen), leading to chronic inflammation and targeted tissue

25 destruction at the exposure site. As discussed above with allergic diseases, emerging
pharmaceutical therapies are directed towards modifying underlying inappropriate immune
responses. However, the development of these new therapies has been complicated by the

intricacies of the immune system and the need to selectively target inappropriate responses,
while leaving appropriate immune responses intact.

30 Several researchers have constructed simple mathematical models of
antigen-specific lymphocyte expansion and its control by cytokines or antigen abundance
(De Boer et al., J. Virol., 75:10663-10669, 2001; Louzon et al., J. Autoimmunity,
17:311-321, 2001; Yates et al., J. Theor. Biol., 206:539-200, 2000; Fishman & Perelson,
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The invention is defined in the independent claims. Some preferred features of the

invention are defined in the dependent claims.
The present invention relates generally to a computer model of an adaptive immune

20 response. One embodiment of the invention relates to a computer model of an adaptive
immune response within the framework of signals conveyed at the site of antigen exposure.
Another embodiment includes a representation of complex physiological regulatory
mechanisms related to, for example, antigen-presenting cell (APC) recruitment, APC
maturation, lymphocyte activation, and/or lymphocyte trafficking.

25 In one embodiment, the model can account for cellular dynamics and mediator
production in response to antigen within a chronically inflamed peripheral tissue, as well as
the regulatory effects on APC, APC population dynamics and activities, and lymphocyte
population dynamics, including maturation, activation, effector function, and apoptosis. In
addition, the model can account for immune cell trafficking between a chronically inflamed

30  peripheral tissue and secondary lymphoid tissues. In this embodiment, the model can
simulate a diverse set of adaptive immune responses, from acute to chronic progressive, and

can predict the likely effects of therapeutic inventions.



Bull. Math. Biol., 61:403-436, 1999). These nodels were largely restricted
to | ynphocyte responses and did not represent inportant interiqtygmqmmhat
take place at the site of primary antigen exposure and that |argely
determ ne the enabling context for |ynphocyte expansion. Specifically,

t hese nodels did t include defailed representations of .APC.popul ations or
5 the | nf I uendd eRqiRg gtostinéne S lofsram dmitie FEEOE ot b medelpb AR Gai 1 on.
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| ynphocyte popul ations to the site of antigen exposure; wherein,

ant i gen- geetiquias aptiggihocytes traffic froma | ynphoid tissue to the site of
antigen exposure to directly or indirectly act against the antigen source.
Because these existing nodels do not include all aspects of the adaptive

i mune 10 response, there is a need to devel op a nore conprehensi ve nodel
of the adaptive imune response. One enbodi nent of the invention disclosed
herein is a conputer nodel of the adaptive inmune response within the
framewor k of signals conveyed at the site of antigen exposure, where the
signals include signals received by antigen-presenting cells (APCs) and
signals delivered by APCs and by respondi ng | ynphocytes. 15 SUMVARY OF THE
| NVENTI ON The invention is defined in the independent clains. Sone
preferred features of the invention are defined in the dependent cl ai ns.
The present invention relates generally to a conputer nodel of an adaptive
i mmune 20 response. One enbodi ment of the invention relates to a conputer
nodel of an adaptive imune response within the framework of signals
conveyed at the site of antigen exposure. Another enbodi ment includes a
representation of conplex physiological regulatory nechanisns related to,
for exanple, antigen-presenting cell (APC) recruitnent, APC maturation,

| ynphocyte activation, and/or |ynphocyte trafficking. 25 In one enbodi nent,
t he nodel can account for cellular dynam cs and nedi ator production in
response to antigen within a chronically inflamed peripheral tissue, as
well as the regulatory effects on APC, APC popul ati on dynam cs and
activities, and | ynphocyte

4a



- popul ati on dynam cs, including maturation, activation, effector function,
and apoptosis. In addition, the nodel can account for immune cell
trafficking between a chronically inflaned 30 peripheral ti ssued AN 2006
secondary | ynphoid tissues. In this enbodi ment, the nodel can sinulate a

di verse sgyo@sAgapPt i ve i mmune responses, fromacute to chpeinS02/20672
progressive, and can predict the likely effects of therapeutic Inventions.
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nodel ed; wherein, signals an haracteristics of the peripheral tissue do
not provok&pandeyrrphocyte response to a particular antigen. 4a 2 7 JAN 2006
WO 03/001891 PCT/ US02/ 20672 Anot her enbodi nent of the invention is an

anal ytical nodel of the adaptive inmune response. BRI EF DESCRI PTI ON OF THE
DRAWNGS gRTHES Esmﬁemtrmrmmstlon of a conputer system within
whi ch sof S of the invention may reside or
be e¥ecuted. FIFIG. bis &schematmmpgesmtatgnmiﬁa tomputieriystens within sdughoediviate B a
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tissue., 10 Fl @GIG3? tepdueinBarg didgpatk et Hepiols the sophptdents of a devphtepmodeland
conputer nodel of -an adaptive_inmune res gonse accordi ng to one_enbodi nent

of the mﬂ@ﬁtmﬁiCOMP@dnﬁsﬁiéﬁiOﬁ@gépmm ofrthe,prepent dnveption Whete i ng a
conput er ﬂmi el €sponse according to another

enbodi rren?ﬂagbtl e mv@ﬁlf| e\‘@] %ﬁshows a portion of the Effect Di agram
repri@senting denar3 tleplctselﬂow(cm) forkmethed forsizveloping mabinpgtel mudel dfanb| ood

into the air and ai rway DC sybpopul at i
apvt\llae immune response accorH g one em o&iment of the invention.

FIG. 4 depicts a flowchart for a method for developing a computer model of an
adaptive immune response according to another embodiment of the invention.

FIG. 5A shows a portion of the Effect Diagram representing dendritic cell (DC)

15 precursors migrating from the blood into the airway and airway DC subpopulations
undergoing maturation, according to an embodiment of the present invention.

FIG. 5B shows a portion of the Effect Diagram representing DC subpopulations
trafficking between the airway and lymph nodes and DCs in the lymph node, according to
an embodiment of the present invention.

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

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

25 the present invention. '

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

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

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

present invention.



under goi ng maturation, according to an enbodi nent of the present invention.
FIG 5B shows a portion of the Effect D agramrepresenting DC 27 JAN 2006
subpopul ations trafficking between the airway and | ynph nodes and DCs in

the | ynph cording to an enbodi nent of the presentp} ' 20
FIG 6A s#ov\i\glﬁoé"%grt ion of the Effect Diagramrepresenti ngP{:'E}gggﬁl/%)ﬁi)}gi cal
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maturation and mgration of |ynph node DCs, according to an enbodi ment of
25 the prpssemt mvanleon-i on. FIG 7A shows a portion of the Effect Diagram
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30 involved in antigen presentation by |ynph node DCs, according to an
embodi nenPCafaceerdingip a8 embopdiment of e presedt iInvemtNm2006 WO 03/ 001891 -
PCT/ US02/ 2067 2, ' El[agf Efitind : i ng
t he bi ol ogi caIFI&"Eggggggsa%%?ﬁmngodﬁg% gmfﬁ% ctl %ér:?;{fy al mggfogér%‘{#@%%%r%de
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portion of the Effect Diagram representin he Dbi ol ogi.cal processes 5 that
det er m nebqt‘ﬂg@ztgﬁéwayﬁﬁsgﬁﬁ’@ ‘Pﬂégé Wﬁﬁﬁ}?&ﬁﬁﬁ%gép%g’idﬂ%P&P mat uri ng
ai rygy QiShoddme dtitRdpleferd veiBadli ment of the present invention. FIG 9B

shows a portion of the Effect D agramrepresenting the biological processes
t hat det-er m neFIQ. 9C1,4n isomnjaétinm with BIG Iy showsra poptadfdhe Bffe@%;mni ty of

DCs . traf .fljegrléiséhqing the biological processes involved in late-stage regulation of IL-12 homodimer

-and heterodimer production capability in mature DCs, according to an embodiment of the
: - present invention. : : '
15 - FIG. 9D, in conjunction with FIG. 9C, shows a portion of the Effect Diagram
representing the biological processes involved in late-stage regulation of IL-12 homodimer
‘and heterodimer production capability in mature DCs, according to an embodiment of the
_present invention. |
FIG. 10 shows an example of an Effect Diagram that displays a taxonomy of CD4+
20 T lymphocyte states, according to an embodiment of the present invention.
. FIG. 11 shows an example of a portion of an Effect Diagram that calculates CD4+ T
lymphocyte cytokine production, according to an embodiment of the present invention.
FIG. 12 shows an example of a portion of an Effect Diagram relating cytokine
- binding and cell-cell interactions to CD4+ T lymphocyte expansion, differentiation; and .
25 apoptosis, according to an embodiment of the present invention.
-+ FIG. 13 shows the Effect Diagram of FIG. 12 with an example of the mathematical
. calculation contained in the LN pe2 expansion function node, according to an embodiment
of the present invention.
~ FIG. 14 illustrates an Effect Diagram that depicts Thl and Th2 cell trafficking as
30 modulated by chemokines and adhesion molecules according to an embodiment of the

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



between the airway and | ynph nodes and maturing |ynph node DCs, accordin
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FIG. 19 illustrates an output of the model that depicts the simulated kinetics of -

adhesion molecule expression in the airway tissue following antigen challenge at time equal
15 to zero, according to an embodiment of the present invention.

_ FIG. 20 illustrates an output of the model that depicts the simulated kinetics of blood

monocytes (—)compared with the experimental results reported by Whitelaw 1966 (e),

according to an embodiment of the present invention. .

FIG. 21 illustrates an output of the model that depicts the simulated kinetics of tissue -

20 - DCs (—) compared with the experimental results reported by Holt et al. 1994 (e), according

to an embodiment of the present invention. '

FIG. 22 illustrates an output of the model that depicts the kinetics of blood
monocytes (m ), bl00d DC (= =), and lung DC (= * =) responses following antigen
challenge at time equal to zero compared with the experimental results reported by Upham

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

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

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

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

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



cells (9) as a function of antigen dose after sinmulated in vitraI hm
culture, according to an enbodi nent of the present invention

illustrates an output of the nodel that depicts evolving nunbers of Thi

) 5 and W@oigo1eml | s during a sinmulated in vitro primary egrrtusozost?
relatively | ow antigen dose, according to an enbodi ment of the present

i nventi ong yid, J.bbbh‘ﬁbéréd ®4thafe expepithentd] rédudts Mddeled by dhgult pt &1t $9EN@I)Yi NY
nunbers o (_ and Th2@g cell's during a sinmulated in vitro primary
culture a@ccarm@rarbmb@@nem the prasent inveBi®l” FI G 16, according to an
enbodi mrent of the present invention. 10 FIG 18 illustrates an Effect _
Diagram that depicts the recruitnment of DC precursor populations fromthe
bl ood intDEtmg!@M RIPTIONUe according to an enbodi nent of the present
i nvention ere the airway is an exanple of peripheral tissue. FIG 19
illustrates an output of the nodel tﬁl’_ﬂ'&%cts the sinmul ated kinetics of
adhesi on nDIec en

chal I enge at t| neP equaﬁé&@&tfgmztéeér}g cﬂﬁgwﬁd%ﬁdgogﬁlﬁe%hggnn@%@%f t he
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nodel that depicts the sinulated kinetics of tissue DCs () conpared

wi tHt he raaqb@cd msmnslss o antigens presprsingaatlis YAPOE)X ar@tlymphomzto (nmuaocgenicii ng
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equal to zero corrpared w,th the experinental results report by Upham 25.
et al. 199YroBMERea Ranphoyd tasue epvirenmes, anddrathic pf mamung-eetlsbelygeath eatrwo 1994
(l'ung = G Vi . FIG.
2311 usteeplnentts e fiode GEnE HBREIERIn e hotf BEmEflte K RBDRE. s
of IZX milgngtskom mtestmh,goinyrqnlﬂaemmh&al neryoues sysiretxe%fhectbnmt;nnpho@diumeve '

interactions wth CD4+
! eivironment as Hsed herem can include primary, secondary, and tertiary lymphoid tissues:

The model can further include the character and kinetics of antigen exposure, the
character and dynamics of APC populations (e.g., dendritic cells), the expansion,
differentiation and contraction of antigen-specific lymphocyte populations (e.g., T

20 Iymphocytes), and the creation and maintenance of memory lymphocyte populations.

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

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

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

8



| ynphocytes (_) conpared with the experinental results reportedaéiy Ingul | i
et al. 1997 (.) 30 and Vernamelen et al. 2001 (s), according to N"2006
enbodi ment of the present invention. FIG 24 illustrates an output of the
nmodel thatWQeHPM8H t he-sinmul ated kinetics of DC nigrati onPEBHUSHER06V2ph

node in the context of productive interactions with CD4+ T 7 2 7 JAN 2006
WO 03/ 0018 ¢fithe m@@malzequymml@s@d(may ineladas for exqmple partialdifferentiaht al

{ho. pr ose AR BHFL dsfsre el babatlonsy b SRR SRl offsBRe™"
i nvent i on elhidhe Tellflaf ATBEE] dﬂp@hﬁlmm, eéuaﬁanﬁslﬁmw&slo&rmaﬁm oefpgpse. The
adaptive imune response nodel can be used in isolation or integrated with

ot her compirshnetwosks; efsr 48 ene cmbpdizient jhesforms ebtisaurthematicsl epypidens ed inom
whose stat.e is f d)e immune response. Enbodinments of
t he ;sr ese q’%?/eégie&%&ﬁgf&%}&g ﬁ%ﬁ% der ed responses of antigen-presenting

-cell's (APCs) and |ynphocytes to i rddieolRim t),stinuli, i n the cont ext of
human di seases that _invol ve the adaptive i nmune resPonse allergic
ast hna) . whe@aﬂs.aa&i QF“eDéW@a]eYﬁSBEWP@ﬁ% clements aepranst thoRielosicd vanﬂélpﬁ Eal

i ssue, COld0 I Blam o LYoo SHERRAIEARED orPBfls Ubadi b uploigsTune

cells bet npartnents. trssue represented in
t he nodel natae Ticel Idanhityfmriymphcmi ItxssueJ.&cJ),lmg tlmek idw/dt iisrthe sate nEchapge of x, p)rs t he

tral St The t | ynphoi.d t
hor dn cafs M FRohFL ol yoleBL CARIPBES Uit P XeplS RS RV SEGF Hlops SufBEvte The
nodel  canydchfidnik rdté\fd ptréele&di}e naRR IS e FIa fatd Ie@ﬁﬂibﬁﬁnp&s@eian&eébxﬁm@ﬁtr e,

t he character and dynam cs of APC popul ations (e.g., dendritic_cells), the
expansi onlL-1@iet¢: oy @ik f i eifumctiondhas senresentsi thp complgx dntguaationsasions biolggigtlocyt e
popul atlogﬁ_h%hg , T 20 lynphocytes), and the creation and mai nt enance of
menory |ynp ocyte popul ations. In one enbodi nent, the nodel includes one or
mor.e of the foThewrmdbidegivilearialfléy” refers to the b1010g1ca1 constituents that makeupa -

15 . - biological process. Mathematically, the above x represents the biological variables in the
model. For example, the biological variables can include metabolites, DNA, RNA, protehs,
enzymes, hormones, cells, organs, tissues, portions of cells, tissues, or organs, subcellular
organelles, chemically reactive molecules like H', superoxides, ATP, citric acid, protein
albumin, as well as combinations or aggregate representations of these types of biological

20 variables. In addition, biological variables can include response-provoking agents, such as -
antigen or methacholine, and therapeutic agents such as steroids, B-agonists, or leukotriene
antagonists.

The term “parameter” is used herein to mean a number that characterizes the
behavior of a single biological variable or the interaction between two or more biological

25 variables. For example, a parameter could be the baseline synthesis of a mediator, baseline
expression of a cell surface molecule, or the maximum number of lymphocytes that may
interact with any one APC. Parameters may also be used to specify synthetic or
environmeéntal factors, as well as intrinsic biological properties.

The term “biological process” is defined herein to mean an interaction or series of

30 interactions between biological variables. Biological processes can include, for example,
cellular recruitment, regulation of maturation, induction of anergy, or regulation of chemical

mediator production. Each biological variable of the biological process can be influenced,
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nmaps, eq%@cm&&eﬁienﬂﬁ-rnwrokanﬂfomeﬂ@en&noﬁwzzy | ogi cal netvvor ks etc I n
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s

model are or di Tncong eabpdianent thedhiological statg san bsmathematically defineyi bY\KhRaYaéu%‘ is
N di |
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di ssoci ation constant for |IL- 10, etc: ), and f is a function that
represents theAbinkgieat stafr eandoelude,Sorerample ithy sigfeofln individual cell, a

population of cells, a tissue, and/or a multi-cellular organism. A biological state can also
15 .include the state of a mediator concentration in the plasma, interstitial fluid, or intracellular
- fluid. ‘For example, a biological state of an APC population can include the APC density or
the antigen-presenting capacity in a particular peripheral tissue of a particular patient type at
. a particular point in time. | |
Adaptive immune responses are the set of responses that target specific antigen for
20 . immune activity and that are mounted by the immune system. In one embodiment of the
invention, the biological state modeled is the state of an adaptive immune response. The
term “‘adaptive immune response” as used herein comprises a combination of at least two of
_ the following classes: biological processes at the site of antigen exposure, the impact of
these biological processes on the character or behavior of immune cells, biological
25 _ processes relating to cellular dynamics between a site of antigen exposure and lymphoid
. tissue, biological processes relating to a primary lymphoid tissue, biological processes
relating to the interaction between APCs and lymphocytes, or biological processes relating
to the feedback of immune cells on biological processes at the site of antigen exposure.
For example, the site of antigen exposure can include a peripheral tissue where the
30, biological processes of the tissue can include invasion of host cells by a pathogen,
interactions among inflammatory cells, or mediator levels. The impact of biological
processes on immune cells might include, for example, the impact of gamma interferon -

production and binding on the ability of APCs to produce interleukin 12. Cellular dynamics
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t he biol ogi cal processes, change relative to each aqther, the )
15 environment of the peripheral fissue can be modeled appropriately. In another embodiment,

the adaptive immune response model can be modified to reflect the nature of APCs and

. Iymphocytes that associated with a biological state. The regions of interface can, for
example, include modulation of antigen-presenting cell function by the peripheral tissue and
modulation of the peripheral tissue by the antigen-presenting cells and the antigen-specific

20 lymphocytes.

The term “simulation” is used herein to mean solution of a mathematical model by
the numerical or analytical methods. For ekample, simulation can mean the numerical
integration of the mathematical model of the biological state defined by the above equation,
(i.e. dx/dt = f(x, p, t)) and specifying an initial value of x.

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

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

human patients, or the general human population as a whole. A diseased state could refer to,
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target specific antigen for . 20 jmmne activity and that are nounted by the
i mune sy &espeise|can iprdndendBd dyamicss T bmephockigshybamics, ok parhogye cxtokiie,; o
nmodel ed i rotdlﬂstiéﬁ ate of an adaptive imune response. The term "adaptive

i mmune response” ‘as used herein conprises a conbination of at |east two of
t he ool | owi ng. Thaseses'sithilateddiiclagicplratiribate s vtedtheeeis td meard masshireyeents on

exposure, the i t of these biological. .processes, on the character. or
behavi or - BOGEHRBIEE oF Pocetirs FUTPaRtiag b biflogiieL Sedbiien EOT ampls, surviaied:
dynan cs BRINBE afriBitb@aRdbcifdt ivaf the KivARIH Adaptiye iiAmie réspohbefight include

bi ol ogi cal processes relating to a primary |ynphoid tissue, biological
processesmeaslrembmtgofél’ﬂm'rﬂm*@eﬁpdunmﬂeen APCs and | ynphocytes, or

o1 ol 091 cal pr oddetad SEb@Y i FRREETo R B BRI, o

of ast i gebet@xpR siniitated biologitdl daributpeaidibielogical httihires/is eufficiently sidtilar to
bi ol ogi cal processes of  the tjssue can include invasion qQf host cells

. by a
pat hogen, conichidsrihata mulaladdhiglogical afrbatoaopurately repressptsadiplagisel ataiputss therhe -
i mpact  of Bl @he@bioRdgical attribute and biological attribute do not have to be identical. The term

“substantially consistent” can be, for example, simulation outcomes demonstrating relative

changes in a pattern of cytokine levels that are similar to relative changes in a pattern of
20 cytokine levels measured in an in vitro experiment but with different absolute values.
The term “reference pattern” is used herein to mean a set of biological attributes that
-are measured in a normal or diseased biological system under specified experimental
conditions. For example, the reference pattern of an allergic asthmatic might include
measurements performed on lung exudate via broncho-alveolar lavage, lung function via
25 spirometry, lung tissue via biopsy, or blood via venipuncture at a specified time following a
. particular chemical mediator or antigen stimulus. Alternatively, the reference pattern of
. APC behavior might include measurements on cell cultures derived from a normal or
diseased human or animal under defined conditions.
Computer System
30 FIG. 1 shows a system block diagram of a computer system within which the
methods described above can operate via software code, according to an embodiment of the
present invention. The computer system 100 includes a prdcessor 102, a main memory 103

and a static memory 104, which are coupled by bus 106. The computer system 100 can
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ti ssue canethedsdedeibed hapgin and catt imklpde, but notdinhited tonbptitiaband/or magnetiadapt i ve
ified to.reflect the nature of APCs and
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| ynphocy tS&agsdFvices apd/pr nﬂﬁﬁ“&‘%?"ﬂ%ﬁjﬁ%&éﬁ- state. The regions of
interface can, for exanple, i nctude@géﬁmoaal of antigen-presenting cell
function by the peripheral tissue an nodyl at1 on of the peripheral tissue
by the anti gerSyieblyedcompuisemodelgan bepgediqimplsment atlepst soms Gﬂ%ﬁ’ﬂﬁﬂ&ﬂéé.
The, £ erm.j sj oant s ' ( Wal: epgfi cal -
roct by ¢ hEFbe i Efton. “THE Gmp kB Sa RO AT VB o BuBBIGSCEE O can
nmean t.he exuiipld, {takn enable a researcher to: (1) simulate the dynamics of the biological state

associated with an adaptive immune response, (2) visualize key biological pathways for the
initiation and maintenance of an adaptive immune response and the feedback within and
between these pathways, (3) gain a better understanding of the physiology of an adaptive

20 immune response, (4) explore and test hypotheses about adaptive immune responses, (5)
identify and prioritize potential therapeutic targets, (6) identify different types of response
and their underlying mechanisms, (7) identify surrogate markers of response types, and (8)
organize knowledge and data that relate to the adaptive immune response.

. In addition to simulation capabilities, the computer model can include a built-in

25  database of references to the scientific literature on which the model is based. Users can
augment this database with additional references or other commentary and can link the
information to the relevant component. The computer model can be a multi-user system in
which the information can be shared throughout an organization. Thus, the computer quel
can be a specialized knowledge management system focused on the adaptive immune

30 Iesponse. -

While the following discussion is in terms of a computer model, one of skill in the

art would recognize that the mathematical equations of the model may be analytically or

numerically implemented without the assistance of a computer.
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di abet es, r e L1 | Pﬂ(é! |- |41 BEHAY sm can
be, for eg(o%ngﬁ@%ﬁﬁ%eﬁ%%@?&& ?‘P %ﬁ?ef%%?‘?ﬁ%t | %drlb%giug#; ?Jmanﬁj}

pat i &nt s, diggraihdgnoe detailbd frodules thit aépredenttheavavibs iolodicdl proesssek ciftthe e
could refer to, 11 2 7 JAN 2006 WO 03/001891 PCT/ US02/ 20672 for exanple, a
di seased fiplogisahsystranbeing modeledc These mades oyl ganonly peopprpiial grappf the

di seased mRIAChSisoTHGHRsAP allPbRElS sdtb of SldidirRli AR UPEdARon At buslbhga! [ NO.
or cell nediator production, which nmay occur In sever I TTerent organs.
The t er mihtrigodtiog] asediscastedithoredilly belowed thesestion entitled M athenaticat Equeations

di agnostig 5 criteria.associat,ed with a biol ogical state. The bi ol ogi cal
attribut elgs;m(?ﬂe ! tSS;Eg@Fééﬁaggﬂf%te can be measurenents of biol ogical

vari@bl es, parpwrbgsa suﬁﬂﬁ@magfaapmaﬁ@@ictfﬂfe RVAPHRA ithm e respoRSe EbraFRats
allergic asthma, the biological attributes associated with the adaptive

i mune refepondsl apd theininterpangpeingss ancarding o ey sphedineat of thapresent or T

| ynphocyt, ' 1.Qn. 7’ Sl L oliogi

a1 bt dov il FLAREL S exdilple drithoiphal Bl B sl RUBBUE Blown

pr ocessesn@IG! 2 sépoesdns@ functivnal medulaldiaprim idisctissed nfope fidlyebsidve, The nul at ed

bi ol ogi cal attrjbutes ociated with the npde] ed aptive inmupe response
mi ght in ned fumetinahBfect Diggramsean FW%WWPJ@‘E?‘@%WH%‘F‘E?PL phenotypic
15 maturation, antigen processing, death, and departure of APCs in a representative peripheral -

tissue and lymph node (LN); the recruitment, expansion, differentiation, death, and
“departure of T lymphocytes in a representative LN and peripheral tissue; and the production
of chemical mediators by these cells, subject to the time-varying stimuli of antigen and
inflammatory signals from the peripheral tissue.

20 : In one embodiment, antigen presentation can be characterized in the computer
model by the availability of APCs, specifically dendritic cells (DCs) over time. Antigen
presentation is further characterized by the average antigen density per cell, the average
expression of costimulatory molecules (e.g., CD80, CD86) per cell, and DC mediator
production . ‘The degree of costimulation accompanying antigen presentation is also

25 determined by the average expression of costimulatory counter-receptors (e.g., CD28) on T
lymphocytes being activated. Costimulation effects involving other accessory molecules -
can be modeled indirectly. For example, CTLA-4 can be modeled indirectly by varying the
effective role of CD28. _

T lymphocyte population dynamics in the méthemaﬁCal model are regulated through

30 cell-cell interaction, cytokine production, and cytokine effects. In each representative tissue
compartment, cytokine producing cells contribute to a common cytokine pool; different

subpopulations of T lymphocytes — described below — respond to cytokine. The nature of
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The term "substantially consistent” is used herein to nean that t?
relationship 1.5 between sinulated biological attributes and bio ?QHQ%ZUUB
attributes is sufficiently simlar to conclude that a simulated biol ogical
attri bute woosnermsel y represents a biological attribute; thectaisovtasted

bi ol ogi cal attribute and biol ogical attribute do not have to be identical.

The term thSedabiasd Talph6Ae psfulitions GaltheQmbliét c?tbkiﬂ%'rﬁilieﬁbﬁi’z!o%f e in
out cones denpnstrating relative changes in a pattern of cytokine |evels
that are dhndenneadhonflaengingtheolthiges in a pattern of 20 cytokine |levels

measured in an 4 ' I | i . The
term"refer encefﬂéaﬁ Ee{“gaﬁi%%ﬁjé’g%? @é?%%ﬂ%ﬁ%‘gﬁé @Eé@%edoﬁ?%?%ﬁéegﬁoﬁ&ﬁ?ﬂ

at f:l ri but ea:_ic]glbgigal fuActione¥agy lDE{ﬂrebmé@d_nqrmalstéws, 'ﬂilmplls@g&elﬁrt]mé@.q;agaé Asystem.
under _specified experinmental _conditions. For exanple, the reference
pattein ofthranghAr i shoa thecomplate set of GHect Piegtams inpladed indhepresenp empedimeat on

| ung- ex“d%tfﬁlevih@ fiogncho-al veol ar | avage, lung function via 25 spirometry,

| ung tissue via Bl opsy, or blood via venipuncture at a specified tine
following a particular chem cal nediator or antigen stimulus.

Alternatively, the ferenc attern of_ APC behavi or m ght include
rreasurerreﬂ\%g‘%ﬁm%’é?{ﬁ%ﬁ??‘ms coded inthe Effeqt Diagram| o di seased human or

ani mal under de{d HedidnRAdbbve) B EFERIDMRIm B S VRIAZEpretatatibn SR M&SnEde Y St €M
bl ock diagram of -a conputer systemw thin which the nmethods described
abovl) can eqpations.e Thisgeelisin deserbes bow theidiagram erpodes a petofibrsdinane diffeséntiahe
present invention C system 1 i SSOl 2, a main
remory. 1030 ek et AERUDE S Rh o iclol 26cANER ol b

corlrlpu;I er S'bféfdsﬁmb(ilj&@gifﬂWaﬂinIBEfogW%y%e?ﬁdcﬂﬁ%&ﬂs&ﬁﬁfté&?@%ﬁﬂﬂ@%of (%;yr t her
i ncl ude a videq display unit 108 (e.g., a_liquid crysta I splay (L or
cat hode r 3pPToprpte tx;%:@p}i)negﬁ nﬁmecl%quj@émtiwl@gl%]c@f@hﬁs-be di spl ayed. The

conmput er . Kyt o4 FARtieANesO 1nclude an al pha-nuneric input device 110 -
(e.g., a We"%_d%%——y oard), a cursor control device 112 (e.g., a nouse), a disk
drivEs unit 114 Stae sadjfiactigenedeatdisplaydbe namesidfdh¢ wanpblesthayprepiesen) andither
location in the model. Their arrows and modifiers indicate their relation to other nodes
within the model. State and function nodes also contain the parameters and equations that
are used to compute the values or their variables in simulated experiments. In one
embodiment of the computer model, the state and function nodes are generated according to
20 the method described in U.S. Patent 6,051,029 and co-pending application 09/588,855, both
- of which are entitled “Method of generating a display for a dynamic simulation model
utilizing node and link representations,” and both of which are incorporated herein by
reference. Further examples of state and function nodes are further discussed below.
' State nodes, the single-border ovals in the Effect Diagram, represent
vatiables in the system the values of which are determined by the cumulative

effects of its inputs over time.

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

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

have the additional parameter of a half-life (h) and are labeled with a half-life ¥¥?symbol.

== Function nodes, the double-border ovals in the Effect Diagram,
represent variables in the system the values of which, at any point in time, are
determined by inputs at that same point in time. |

15



5 network interface device nedium 118. The disk drive unit 114?,19%#?@& a
conput er- readabl e nedi um 115 on which software 120 can be stored.”
software can also reside, conpletely or partially, within the main nenory
103 and/ onw@nid/buigeit he processor 102. The software 120 canpeairas0bz0672
transrn'tted or received via the network interface device 118. The term

" conput er - r ead Fgh&ioHEdes hrel e fine € B.%'é&'aibﬁlﬁct'idiﬁ'df@ib uldFPThepreddfived 10

i s capable of storing or encodin sequence of instructions or codes for
per f or mi n@aramestersfor adtBctinasodet u%ﬂ%lmaéﬁdueﬁb)mméf@mbut not |imted
to, optical and/or nmagnetic storage devices and/or disks, and carrier wave
signal s. TheSetngikestatuanfs ncdsiefizbisiowahe valpeobthemode is deterntived, Theistatus

i mpl enent ofib stakarrtfursction nedbosh bent s of 15 the present invention. The
conp@t er nodel can be used for a variety of purposes. For exanple, it can

enabl e a reseaiCohfputddo— the yakikRitAéBatbd &s 4yE3aH0E /s Gfputsre bi ol ogi cal state
associ ated wtly, aaﬁ@diﬁs&keae_lmmeﬁm&eé&me3);ervchﬁé1al i ze key bi ol ogi cal
pat hways for, tig emﬁ&ihbhﬁtlgﬁ 2a e VR AL GRRAME o ora{hgalg?%deﬁﬁedm nfsESpPoOnse

and the feedbac In an vveen t hese pat galn a ter
under st andi ng of the physiol ogy of an adaptive 20 i nmune response, (4)
expllor e and Stastand fipwtiba nedescdan uppédamire eanionoe irethe EffeenDésprang 23 aligsdent i fy
and prioritize potential therapeutic targets, (6) .identif ifferent types
of respon#ed déssplias pactes a{ma@f:ﬁtygﬁy Oﬁeeﬁm?es#és, 351 thectate m%e& lustratign@gove.

markers ofalf RHBORSGIdRERed ﬁj}‘%eﬁ?omtﬁrmﬁ?@ﬁh? e&new@e%naeqeﬁﬂ&&s,témmg

relate to the adaptive | nmune response d|t|on to sinulation
capabi | i t eithsr souree nedps (Skor targtthodsar(T). ﬁoMeloaemﬁ lacated at 2t tdils efmomwspf

references the scientifli t I ch the nmodel is base Users'
an® " augmend Brdt Bode aiqlocatllal it B feamaie) DlodPe fettd Bivg or ol Astivary
and 16an | hodestahewhite) TR4otRE hodesiBatch ehe'tiakcleptaitid 6616POMNAS EffediBia ut er nodel
can be ‘a rmltl-user systemln whi ch the Information can be share

t hr oughou®t N on. Thus, the conputer nodel can be a speC| alized-

know edge ”a”ag'ﬁ@?&ﬁl%ﬁé{é&ﬁﬂtfaﬂﬁ %%%%ta‘?éh&dé%aﬁ‘ﬂ@@o&ﬂéﬁtéﬁgpé‘&ﬁg@ Faaéea%}se

Wil e the follow ng scussion isinterns o oné  of
skill in Spemﬁed Data.
20 :
sum af arrowterms when =0
State Node Computed £ =dmy
, : at TS (£) + sumaf arrowterms whenh >0
25

Where S is the node value, ¢ is time, S(2) is the node value at time, ¢, and h is the half-life.
The three dots at the end of the equation indjcate there are additional terms in the equation.
resulting from any effect arrows leading into it and by any conversion arrows that lead out
of it. If 4 is equal to 0, then the half-life célculation is not performed and dS/dt is determined
30 solely by the arrows attached to the node.

State Node Specified- Locked  S()=S forallt

35 State Node Specified Data S(1) is defined by specified data entered for the state node.

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

40 exceeds one.
16



art woul d recogni ze that the mathematical equations of the nodel _may. be
anal ytically or nunerically inplenmented without the assistance & AN 2006
conputer. 13 2 7 JAN 2006 WO 03/001891 PCT/ US02/ 20672 Effect Di agram and
Summary DVPHMBIBH one enbodi ment, the conputer nodel can PEPUE ari ous

bi ol ogi cal conponents or nechani sns through the use of an Effect Di agram

i ncl udi ngﬂ&@@%@ﬁg&@l’égram and nore detailed nodul es that represent the
vari ous bi o 0GhioRnBRESRAR0M arb BEmPBRl 89ieyahinipihe R GLMABEE] 6fthe These
nodul es provide not only conceptual map~of the ~ nodel, but also represent
and encodealsextcf tid nates withrayrosisipoatimgtintal the funstipwnede (argumeants)i plas any object

I ntegration,_as di.scussed re fully belowin the.sectio titl.

"Nt e PSR Dieem oAt ng et iy o Gmhon Broriiedy Mo e BspteiRe o
summgry gﬁﬁ%@ﬂﬁchaeihemluﬁﬁén tdhan AARbbGh hdIEOBedt RGBS components  of a
model and their 1nterconnectedness, according to an enbodi ment of the .
present TheBffeitdiagramercAlrowsai rway i s an exanpl e of a peripheral tissue.

Each squared node shown ‘in FIG 2 represents a functional nodul e diagram
di scussedAmmows lihliisbyrcbrddesto Tnget nodesrndaepricsant theanathermaticat relatianghipns can

repr esent, and del .t he recrui nt, .phenat ypi ¢ 15.matyrati i
processi MFHVaRLIES no ?f‘dgﬁré’ﬁ'ércf‘ﬁ g?%?FIeﬁFVEgh ?lﬁ‘}igs tﬁ%tﬁfl@ggtﬁ#lﬁ %"6‘8"“&58?%%%’?"% .
tissue ang KeyPthenRd6tatiddy)in thd Erdl@as Wehtddih theaipperfi@dmed of éavhansdudé iron,
death, and departure of T |ynphocytes in a representative LN _an

L y s .

per 1®her dhe BifestPiagrame If soampwersdis snlid, die efrstis papitivg df ﬁ’tecﬁr@“ﬂlfagﬁes e
cells, subj : LgBswarying stimuli of antigen and inflanmtory.
signal s ;ﬁd&% ’ﬁ%@%%%?gﬁlﬂgggf%f i ssue. 20 In one enbodi nent, antigen
presentation. can:be characterized in the conputer - nodel by the

avai | abi | AfPWoFYPEPCs, specifically dendritic cells (DCs) over time. Antigen
.presentation is further characterized by the average antigen density per
cell, the g7 &= affSWE,AB6 1A aRbws 6F theBifed: Divgram| Blibrnce ftatg or fiiolon CDB6)

per cell, DC nedi at or
nodes to target state nodes. Effect arrows cause changes to target nodes but have no

15 effect on source nodes. They are labeled with circles that indicate the activity of the arrow.

: Conversion arrows, the thick arrows on the Effect Diagram, represent the way the
contents of state nodes are converted into the contents of the attached state nodes. They are
labeled with circles that indicate the activity of the arrow. The activity may effect the source .

node or the target node or both nodes. The conversion can go either way.

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

do not contain parameters or equations and are not labeled with activity circles.
Arrow Characteristics
Effect or conversion arrows can be constant, proportional, or interactive.

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

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

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

of change is dependent on, or is a function of, the values of the source node.
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production .:The degree of costinulation acconpanyi ng anti gen presentation
is also 25 determ ned by the average expression of costinmulatory 27 yan 2006
counter-receptors (e.g., CD28) on T |ynphocytes being activated.

Cost i nmul aty cts invol ving other accessory nol ecul es. -npdel ed
i ndirectl y&@é@flgegiarrpl e, CTLA-4 can be nodeled indirectly B§f@§?€?’ﬁ?t he

effective rol e, of 28. T hocyt e popuyl at j,on nam Gs._ | he

at hermt | oo -TAENS teL aredntefeRRan bR g TogbtiEaeRVREPRel i e Eriginde.

cyt oki ne Ut el GRdicAB that YAt 6T cRid g3 fhe talg & 36 epeflén® 68 Yral fudtidr sEsue
conpart memt= cyt 0ki ne producing cells contribute to a commbn cytoki ne pool ;

different suthopateof the sonr¢eymndn @og thsstargetineds. i bed bel ow - respond to
cytokine. The nature of 14 2 7 JAN 2006 WD 03/001891 PCT/ US02/ 20672 t he

conbi ned &Oﬁj : 'fégﬁn : vﬁH@d. i Iril b y over
time in thh em Béeiﬁ%ﬁcl n %12;%11% ng t%'ﬂg)bg%ﬁer. ‘ﬁgﬁoggyé‘i%ﬁlr‘%e%?g‘gtﬂ i agr ans
shows bel alyo mchidditahs fos digplapingNeescandeA tgnmeatstdssadiaed with theoarioval IffNotes | ons
(e.g., DC recr.uitnent; tates, T | hacyt.e,states). Pages A-1 5 through
51T Showe RESbIRAR OBt bider tha e b aeled RiRadebiaet(Fhe pr esont
enbodi mrent of the invention. Mthematical Equations Encoded in the Effect

Di agr am AdrrowrBEduatiens: HffeceAnbhe Ef fect Diagramis a visual representation
of the nbdel 10 equations: This section describes how the di agram encodes

gi :ghs gf 6%%%&%\%&%%%& Wls?g? & Wﬁ%ﬁ 0 e‘r?\géestsoﬁxlé:% glrggg?%&%iew ogi cal

variables for egnsistency, the di'scussion also relates to variables of any
appropriate ty@' nh®¥Bed - not be linited to just biological variables.
State and, Funclion Nodes 15 State, and functign nodes display, the names of
t he Wari abl es Whete T isthetasgst n9de G i Goetficient: » &ihe sourpendssatd @ #hei r arr ows
and nodi fiers 3RKPEBE™. t heir rel ation to other nodes ‘

Constant Effect Arrow: The rate of change of the target is constant,

—=K+.
dt

Where T is the target node and X is a constant.
15 Interaction Effect Arrow: The rate of change of the target depends on both the source node
: and target node values.

%i: =S -TeY) +...

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

Arrow Equations; Conversion Arrows

Proportional Conversion Arrow: The rate of change of the tai'get tracks the value of source
node.

aT

—=CoReI()* + .

7 ®

dsS
—_— =S+,
= )

25 Where T is the target node, S is the source node, C is a coefficient, R is a
conversion ratio, and a is an exponent.

Constant Conversion Arrow:  The rates of change of target and source are constant such
that an increase in target corresponds to a decrease in source.
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within the nodel. State and function nodes al so contain the par mj%\ﬁ a) and
equations that are used to conpute the values or their vari abRds 2006
simul ated experinents. In one enbodinment of the conputer nodel, the state
and funct V80 03661881 ar e generated according to 20 the net ho®CTEEORRBEY | n
U. S. Patent 6,051,029 and co-pendi ng application 09/588, 855, both of which
are entitled " I\/Et&‘ﬂ.’)d flgeneratl ng a display for a dynam c sinul ation nodel
utilizing node angy epresent ations," and both of which are
i ncor por at ed here by reference. Further exanpl es of state and function
nodes are furtherd Esggssed below. State Node State nodes, the
si ngl e-border ova#i's in the Effect Diagram represent variables in the
system the val "&ﬂ?er@?‘1é"ﬁie(i£}§é’trﬁ‘odée$’?sftﬁb E&Qc@ﬂo&ehkleu%uhﬁadtvmzersfaects of its
I nputs over ti e e val ues are defined by differential equations.
The predefined pararreters for a state node include its initial value (So)
and its sintenastionsCenvsrsienidsromh Jhe matosofrhangd of the éargeh\and sberce depenid ondoth
par aifet er safrcaarthfget ndde vahyesanch tmatar mbrehseinvtarght corteapdndsitéd e dsgradselin
Function sades, the double-border ovals in the Effect Diagram represent
vari ables in the Eﬁ'temthe val ues of which, at any point in tine, are
determ ned by inp Ra g@ sy(ﬂ?)pm nt intime. 15 2 7 JAN 2006 5 WO
03/001891 PCT/ US02%20672 Functlon nodes are defined by al gebraic functions
of their inputs. The predefined paranmeters for a function node include its
initial value (Fo¥§and LS‘(S Sma Setting the status of a node effects how
t he val ue of the gpd'e Het &d. The status of a state or function
node can be

Where T is the target node, § is the source node, a and b are exponents, and

R is a conversion ratio. This equation can vary depending on the operation

10 selected in the Object window. The operations available are S+ T, S-T, S*T,
I/S , and S/T.

The Effect Diagram — Modifiers

Modifiers indicate the effects nodes have on the arrows to which they are connected. The
type of modification is qualitatively indicated by a symbol in the box. For example, a node °
15 can allow , block , regulate E], inhibit E], or stimulate (Flan arrow rate.

A key to the modifier annotations is located in the upper left corner of each module.

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

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

d7

" Mef ( ] ® grrowterm +

20 Effect Arrow, Modifier Equation :
Where T is the target node, M is a multiplier constant, N is a normalization constant, /) is a -
function (either linear or specified by a transform curve), and arrowterm is an equation

fragment from the attached arrow.
Modifier Effect
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Computed - the value is calculated as a result of its inputs

Speci fi ed-Locked - the value is held constant over tine Specifizeli JBAL 2006
the value varies with tine according to predefined data points. 10 State
and funct vomosrades can appear nore than once in the Effect pPOragoammeas al i as
nodes. Alias nodes are indicated by one or nore dots, as in the state node
i | | ust r at Byrdefiuy eonvefdion @resie snodlifers affeet bde theeouroy atdeirget padvitedns. W t h
respect tgo arrows and ot her ngdes, as_being either squrce, nodes (thS) or .
target noHO¥eVes In s eases g yptlatsrad, medifienis used. Puchimedifienwilbatteshgither 4ng

target no . he. active or

i nactive. ~ACt ?%mﬁ&?{%@‘;oéﬁ grggpﬁwgaﬁ’gg%fe%&gy\%geggg&ﬁasd{%me%gs'backgr ound
color of the Effect Diagram_ State Node Equations The conputational status
of a st at EoRversiosafrowe SOFad PnisiMogiftariBquation:ocked, ‘or Specifi ed Data. 20
25 State e@nypft dS sumof arrawternms when h - 0 i di In S(t) +

sunaf ar r ofif sr e WhEn| iRl @ 1oBhe dbchdiariARHa! Ue, t s time, S(t) is
t he gode-vdtue at i , t, and h is the half-life.. The three dots at the

end of the equation indicate there are additional terns in the equation

resul ti ngCbhpersidn ¥k ?&tgg%ﬁlg\mo&iﬁepﬁggaddmo it and by any conversion
arrows that_| ead ott of it. If his equal to 0, then the half-life

caIcuIatioﬁ?_Ls ot et d ggg . | L ped 30 solely by the
arrows attaicheéknt'g @t ‘%é e.”%t f%ttéwﬂg%gh%p%%}}?{eg%? Locked S'(t) mS 0 &r
all t 35 State Node Specified Data S(t) is defined by specified data

enter ed 9t Lish 3 A ang BhALm0RAE: Ak NER 8 8olie bl bEfhebf o ! T

val ue of I mumva one. can never
be | ess t?%rr%&zgr %ﬁ%e value for Sis reset to zero if o
10 ‘When multiplicative and additive modifiers are combined, effect is given precedence. For -

example, if the following modifiers are on an arrow, :

al,a2: Additive, Source and Target
ml,m2: Multiplicative, Source and Target
Al,A2: Additive, Target Only

15 . - M1,M2: Multiplicative, Target Only

then the rates are modified by

Target node: (al+a2+A1+A2) * (m1*m2) * (M1*M2)
Source node: (al+a2) * (m1*m2)

20

Embodiments of the Invention

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

of the adaptive immune response wherein the biological state of the adaptive immune

20



it goes negative. If limted at one, S cannot be greater than one @fdJAN 200§
reset to one if it 40 exceeds one. 16 2 7 JAN 2006 WD 03/001891

PCT/ US02/ 20672 Functi on. Node Equations Function node equations are conputed
by eval uatWa@3otd%speci fi ed function of the values of thePGAAES2460H
arrows pointing into the function node (argunents), plus any object and
Erfect D abaidiahBib et difeor ddduftreldthet.! Bt Sibb@ihent of tho Bifchl
specified 5 function, click the Evaluation tab in the function node (bject
wi ndow. Themethodaif dﬁdgpmgwcompubmmoﬂckmﬁ/tbe hdapitive oumune respanse weteim,ghe

d d t t tical relati.onship. he .nodes.
o CatalokEa sthte i e BRARA S FaspORISIf & DO Stabe fA SomP BeRhse:  ou,
A key 10ahdiRerdptidRhbmN 1b4dt Meemsfogrda? ob8ssliPERbG el %&%lyﬁgem left

corner of each nodule in 10 -the Effect agram If an arrowhead is solid,
the &ff ech@lp&mt isi aﬁéerapcuttmem r.botmmuhcsagdmbbf &wm\tmt;omﬁdmhﬁ, fors

negati ve. Arr Eff owWs ,on .t f ect ram
"Rk sour CRBEE aRB AT Fla TSN DRREAME deRld PEoiptetieslerp B ity ig o
cause changes memtm&ifoﬂadmoﬂmg a BHPutBPmodél offah @Giptive imeiine eedpeﬂke&,anThey
are labeled with circles that indicate the act|V|ty of the arrow.

Conver si offiTBIeF 6oRprise e PH'%IP@(-; ieP oS 403 3G S 685 aud370dpryal glmmg thecompatert he
htt achod. BRUPLRS st 3 ANAIRA o A Els, deftel 29 Rb AR bbb R
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validity of the computer model is identified. At step 360, it is determined whether the

simulated biological attribute is substantially consistent with the biological attribute
15 associated with the reference pattern of the adaptive immune response. At step 370, if the
simulated biological attribute is substantlally consistent w1th the biological attribute
associated with the reference pattern of the adaptive i immune response the computer model
is identified as a valid computer model of an adaptive immune response.
FIG. 4 depicts a flowchart for a method for developmg a computer model of an
20 adaptive immune response according to another embodiment of the invention. At step 410,
data relating to a biological state of the adaptive immune response is identified. At step
420, biological processes related to the data are identified. These biological processes
define at least one portion of the biological state of the adaptive immune response. At step
430, a first mathematical relation amdhg biological variables associated with a first
25 biological process from the biological processes is formed. At step 440, a second
mathematical relation among biological variables associated with the first biological process
and a second biological process associated with the biological processes is formed.
Steps 450, 460, and 470 can be optionally performed to produce a simulated
biological attribute that is substantially consistent with at least one biological atiribute
30 associated with a reference pattern of the adaptive immune response. At conditional step
450, a determination is made as to whether a simulated biological attribute or a series of
simulated biological attributes is to be produced. If a simulated biological attribute is to be

produced, the process continues to step 460. At step 460, a set of parametric changes in the
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mathematical relation and the second mathematical relation formed in steps 430 and 440.

At step 520, a series of simulated biological attributes are produced based on the converted
biological variable. The series of simulated biological attributes are substantially consistent
with a corresponding biological attribute associated with a reference pattern of the adaptive
15 immune response. The series of simulated biological attributes represent the chronological
| progression of corresponding biological attributes in the reference pattern of the adaptive
immune response. If a parameter is to be converted to obtain a series of simulated
- biological atiributes, the process proceeds to steps 490 and 500. At step 490, a parameter is
converted into a new biological variable the value of which changes over time. This
20 parameter is associated with at least one from the first mathematical relation and the second
mathematical relation formed in steps 430 and 440. At step 500, a series of simulated
biological attributes are produced based on the converted biological variable.
Another embodiment of the present invention is a method for developing a computer
model of an adaptive immune response that includes the steps of identifying data related to
25 the biological state of the adaptive immune response; identifying biological processes
related to the data, the biological processes defining at least one portion of the biological -
state of the adaptive immune response; and combining the biological processes to form a -
simulation of the biological state of the adaptive immune response in the context of a.
-peripheral tissue environment and a lymphoid tissue environment.
30 Another embodiment of the invention is a method of developing a computer model
.of the adaptive immune response wherein at least one biological process is associated with
-recruitment of immune cells into the peripheral tissue environment. In a further

embodiment, the method includes immune cells that are blood dendritic celis and blood
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processes related to the biological state of the adaptive immune response; and code to define
. mathematical relationships related to interactions among biological variables associated with
. the biological processes. At least two biological processes from the biological processes are
10 .associated with the mathematical relationships. The combination of the code to define the
biological processes and the code to define mathematical relationships define a simulation of
. the biological state of the adaptive immune response in the context of a peripheral tissue
. environment and a lymphoid tissue environment.
. In one embodiment of the computer model of the adaptive immune response at least
15 one biological process is associated with recruitment of immune cells into the peripheral
tissue environment. In a further embodiment, the mode! includes immune cells that are blood - -
.dendritic cells and blood monocytes. In yet a further embodiment, the computer model of an
adaptive immune response includes the combining of biological processes so that the
peripheral tissue environment is modeled with preferential recruitment of the blood dendritic
20 .cells over the blood monocytes.

The computer model can further comprise code to define two compartments, wherein
one compartment includes biological processes related to a peripheral tissue environment
and the second compartment includes biological processes related to a lymphoid tissue
environment. Further, the computer model can include a code to define the interaction

25 - between these two compartments.

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

30  biological state of the adaptive immune response.

The computer executable software can further comprise code to define two

compartments, wherein one compartment includes biological processes related to a

. peripheral tissue environment and the second compartment includes biological processes
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biological variable, a first link representation from the set of predefined link representations
being a representation of the first biological variable having an effect on the second
10 biological variable, a second link representation from the set of predefined link
representations being a representation of instances of the first biological variable being
converted to instances of the second biological variable..

Another embodiment of the invention is a method for developing a computer model
of the biological state of an adaptive immune response, comprising receiving user-selected

15.  indications to define biological processes, each biological process being based on data that
relates to changes in the adaptive immune response to biological attributes of a reference
Iﬁattem of adaptive immune response; producing a simulated biological attribute associated
with at least one biological attribute of the reference pattern of adaptive immune response;
and assessing validity of the computer model based on a comparison between the simulated

20 - biological attribute and a corresponding biological attribute associated with the reference
pattern of adaptive immune response.

Another embodiment of the invention is a computer model of an adaptive immune
response, comprising a computer-readable memory storing codes and a processor coupled to
the computer-readable memory, the processor confi gﬁred to execute the codes. The memory

25 comprises code to define biological processes related to the biological state of the adaptive
immune response and code to define mathematical relationships related to interactions
among biological variables associated with the biological processes. At least two biological
processes defined by the code are associated with the mathematical relationships. The
combination of the codes stored in the memory that define the biological processes and the

30 code that defines the mathematical relationships define a simulation of the biological state of
the adaptive immune response.

The present invenﬁon also includes a method for developing an analytical model of

an adaptive immune response. This method includes the steps of identifying data related to
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the method includes immune cells that are blood dendritic cells and blood monocytes. In yet

10 a further embodiment, the method of developing a computer model of an adaptive immune
. . response includes the combining of biological processes so that the peripheral tissue
environment is modeled with preferential recruitment of the blood dendritic cells over the
‘blood monocytes.
In one embodiment, in this analytical model, the analytical representation of the
15 . biological state of the adaptive immune response can be implemented without the assistance
. of a computer system. |
Another embodiment of the invention is a method for developing a computer model
of an antigen-presenting cell, comprising identifying data relating to the physiological |
regulatory mechanisms of the antigen-presenting cell, the data being associated with at least
20 two from the group of antigen processing, migration, maturation, and mediator production of
the antigen-presenting cell and identifying biological processes related to the data, the
biological processes defining at least one portion of the role of the antigen-presenting cell in
an adaptive immune response. The biological processes are combined to form a simulation
. of the functioning of the antigen-presenting cell in the adaptive immune response. In one
25 embodiment, in the model the antigen-presenting cell is a dendritic cell. In yet a further
embodiment, the antigen-presenting cell is a myeloid dendritic cell. In an additional
embodiment, at least one of the biological processes is associated with a differential

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

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

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

include macrophages and B lymphocytes. In one embodiment of the invention, DCs are
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process, or the transition between subpopulation states, is characterized by distinct

functional and cell surface marker changes, including downregulation Qf tissue homing
chemokine receptors; antigen internalization, processing, and presentation capabilities;
upregulation of costimulatory surface molecules (e.g., CD80, CD86); and upregulation of

20 - chemokine receptors for lymphoid tissue homing. The rate of DC maturation is modulated
by the peripheral tissue microenvironment, for example, through cell-cell interactions (e.g.
CD40 ligand-CDA40 and Fas ligand-Fas) and through cytokines (e.g., IL-1, IL-3, IL-4, IL-10,
TNF-alpha, and GM-CSF). FIG. 6A and FIG. 6B highlight the areas of the DC module in
one embodiment that control the rate of DC influx to the peripheral tissue and maturation

25 rate.

The capability for an individual DC subpopulation to process antigen and activate T
lymphocytes is dependent on the average maturational state of that subpopulation.
Immature DCs in the peripheral tissue are extremely efficient at internalizing and
processing antigen, but are inefficient at stimulating T lymphocyte activation. In contrast,

30 mature DCs are efficient at initiating T lymphocyte activation, but are inefficient at
internalizing and processing antigen. The highlighted regions in FIG. 7A and FIG. 7B
represent the combined effect of the antigen processing dependence on maturation and the -

kinetics of antigen availability in the tissue.
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obtain a 5 representation of the chronol ogi cal progression of a diseased
adapti ve D@ QytokirsPoorhetionor exanple from a healthy state to a disease

state. At ste 0, a determ.hatign i e. to et her a hi ql oqgi,cal .
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E,C’Q}'%r,tﬁgf’*‘ REREEGRS Stal 2966k ehfrchnRPfal 2465, MwhtEd ProdicedbPDCRLEn a first
J include, for example, MDC, MCP-1, MIP-1a, RANTES, TNF-a, IL-6, IL-8, IL-10, IL-

12p40, and IL-12p70. The nodes in FIG. 8 represent the regulation and production of DC

mediators. The activity attributed to IL-12 is dependent on the concentration of the
bioactive IL-12p70 heterodimer and the antagonists: IL-12p40 homodimer and IL-12p40
20 monomer. The production of the possible IL-12 complexes (IL-12p70 heterodimer, IL- -
12p40 homodimer, or IL.-12p40 monomer) is dependent on the integrated exposure to local
environmental cues during the DC maturational process. The highlighted regions of FIG.
9A , FIG. 9B, FIG. 9C and FIG. 9D represent this maturational dependence of the IL-12
complexes.
25
T Lymphocyte States
' T lymphocytes and B lymphocytes are the two classes of cells that possess
-antigen-specific recognition receptors. The activation and subsequent expansion of
* antigen-specific cells subsequently lead to effector function in the immune response. In one
-30 embodiment of the invention, DC activation of CD4+ T helper (Th) lymphocytes and their
- subsequent expansion and differentiation were modeled.
Presented with the appropriate antigen, in sufficient quantity, and appropriate

costimulatory signals, antigen-specific T lymphocytes can be activated to expand and
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enbodi ment, "the nmethod includes inmune cells that are blood dendritic cells
and bl ood 22 2FIG. 1ashownan example of an Effect Diagram that displays a taxonomy of T

lymphocyte states, according to an embodiment of the present invention. Naive cells enter -
and leave the LNs according to a steady state approximation. They can be made anergic or
activated by antigen presentation. Following sufficient antigen stimulation, T lymphocytes

20 : produce II-2 while in the primary effector 1 state (node labeled “LN primary effector 1’ in
F1G. 10. Cells leaving the subsequent primary effector 2 state (node labeled “LN primary
effector 2” in FIG. 10) will assume a Th1 effector phenotype (node labeled “LN Thl
effector” in FIG. 10) or a Th2 effector 1 phenotype (node labeled “LN Th2 effector” in FIG.
10) according to the binding of their receptors for IFN-y and IL-4. Polarized Thl memory

25 cells (node labeled “LN Thl memory” in FIG. 10) and Th2 memory cells (node labeled
“LN Th2 memory” in FIG. 10) compete with naive cells for antigen presented on DCs, and
are themselves susceptible to anergy. A fraction of polarized effector T cells also traffic
away from the LN, and a fraction of trafficking effector T cells subsequently gain entry to
the peripheral tissue. '

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

effector cells undergo activation-induced cell death (AICD) more rapidly than the modeled
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conpartnents, one conpartnent includes bi'ol ogi cal processes

rel at ed tkinetigseofippéduction eriegsadifiethby therraterat whighceetlbmoye domionostpiaite thent

i ncl udes bi ol ogi cal processes related to a |ynphoid tissue environment.
Furt her, ?‘H‘g- conput er nodel can include a code to define the interaction 25
bet wgen these two conpartnents. . Yet-another enbodi nent of the invention

is a conputer executable software code that _
T Lymphocyte Surface Molecule Expression and Ligation

In one embodiment, the modeled T lymphocytes can express several cell surface
molecules involved in the regulation of various cell populations. The cbmputer model can
accommodate cell surface molecules involved in T lymphocyte regulatory function

20 including costimulation (e.g., CD28), cellular activation (e.g., CD40 ligand), and cell death
(e.g., Fas ligand).

T Lymphocyte Regulation of Expansion, Differentiation and Apoptosis
.. FIG. 12 shows an example of a portion of an Effect Diagram relating cytokine
25 binding and cell-cell interactions to T lymphocyte expansion, differentiation, and death,
' according to an embodiment of the present invention. T lymphocyte expansion and
differentiation are modified by cytokine growth factors, cytokine inhibitory factors, and
- costimulation. T cell death is modified by insufficient concentration of cytokine growth
factors (e.g., IL-2, IL-4) or by activation-induced cell death (AICD). AICD occurs
30 following ligation of death receptors (e.g., Fas) on the activated T cell surface.
FIG. 13 shows the Effect Diagram of FIG. 12 with an overlay that shows the
equation used to calculate LN pe2 expansion function, according to an embodiment of the

present invention. As shown in FIG. 13, an equation for this function incorporates cytokine
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chemotactic mediators and adhesion molecules.

Emergent Regulation of Th1/Th2 Polarization
20 : It has been shown that Th1/Th2 polarization can be influenced by antigen dose, such
~ that moderate levels of antigen produce a Th1 response while high levels of antigen produce
a Th2 response (Hosken et al., J. Exp. Med. 182: 1579-1584, 1995). Similar data exist
linking such trends to increased costimulation and intercellular adhesion.
In one embodiment of the present invention, the computer model does not
25 incorporate explicit signaling for naive cells to produce Th1 or Th2 progeny with varying
antigen levels. Nevertheless, this trend is observable as a result of differences in the rates at
which Thl and Th2 cells expand and undergo apoptosis following activation. For example,
FIG. 15 illustrates an output of the model showing Th1 and Th2 cells after primary culture
as a function of antigen dose, according to an embodiment of the present invention. As
30 FIG. 15 shows, the number of Th1 cells decreases with the antigen dose unlike the number
of Th2 cells which increases with the antigen dose.
In another embodiment, the levels of costimulation and —in a rudimentary way —

intercellular adhesion can be varied within the computer model to produce similar results.
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f orm an arlawyévelsadf antig@ar.esent ati on of bi ol ogi cal state of the adaptive

| mmune response in the context of a 5 peripheral tissue environnment and a
| ynmphoi d tissue environnent. Another enbodi nent of the invention is a

met hod af gey ' ' '

el opl ng, an _anal.ytical. qodel ‘%f t he .adaptivyve inmmune response
wher ei n at A R I O 200 eI 0 ] gﬁhgrgﬁum% gﬁﬁﬁﬂtﬁééﬂt of

i mmupe cells into'the peripheral {olSPargpliyl TRREwENt. I n a further
enbodi nment ,

The following discussion provides an exainple of a method by which the
components of the above-described mathematical model can be developed. As discussed
above, the various elements of the physiologic system are represented by the components
shown in the Effect Diagram. These components are denoted by state and function nodes,

20 which, with the arrows and modifiers, represent mathematical relationships that define the
| elements of the physiologic system. In general, these mathematical relationships are
devélopcd with the aid of publicly available or privately generated information on the
relevant physiological components. The development of the mathematical relationships
underlying the module diagram for DC precursor recruitment into the peripheral tissue will
25 be discussed here as an example.

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

30 model is to calculate the contributions of myeloid lung DC precursor populations, which
exist in the blood, to the homeostatic and inflammatory response of the tissue DC

populations in the human lung. The more detailed mathematical model depicted on page
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15 induce up to 3.5-fold increases in the LDC density (McWilliam, A. S. et al., J Exp Med,

179:133-1-1336, 1994; Jahnsen, F. L. et al., Thorax, 56:823-826, 2001). To represent these

‘dynamics, the precursor populations for LDCs, the processes governing cellular influx into

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

three cellular classifications are:

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

lungs and other tissue compartments

Rate of change of BMo = rate of BMo synthesis — rate of migration of BMo into
lungs and other tissue compartments
30
' Rate of change of LDC = rate of recruitment of BMo + rate of recruitment of BDC —
rate of migration of LDC to lymph nodes.
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DC subpopul at EBE I rRbReEReg AAitBIRBMs Al cRf € T
' .BDCj,, = synthesis rate of blood dendritic cells (cells/hour)
BDC;,,; = total number of blood dendritic cells (total cells)
BMog,, = synthesis rate of blood monocytes (cells/hour)
. BMoy,, = total number of blood monocytes (total cells)
| LDC,r = total number of lung dendritic cells (total cells)
k, = migration influx rate constant (1/(sites hour))
k,, = maturation rate constant (1/hour)

Equations (1) and (2) define the dynamic state of BDC and BMo populations as
. regulated by rates of synthesis and loss to tissue compartments. Equation (3) defines the
dynamic state of LDCs as regulated by influx to and efflux from the lung tissue. The first
10 two terms on the right-hand side of the equation (3) imply that once BMo are recruited into
the tissue compartment they become LDCs. In one embodiment of the invention, the
alternative pathway of monocyte differentiation into other cell types (i.e., macrophages) in
the lung has not been represented. The maturation or efflux rate of LDCs from the lung
compartment is the third term on the right-hand side of equation (3). This rate of maturation
15 of LDCs represents the migration of mature LDCs into the lymphatic system and,
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In general, parameter values can be defined based on appropriate measurements in
15 humans. However, in the absence of specific kinetic measurements in humans, data from
rodent or other studies were used. The estimates for parameter values for which no
experimental data are available can be determined using by the solution of these ordinary
differential equations in conjunction with experimental data that represents the appropriate
general behaviors to be reproduced. Surnmed squared error of measurements can be used to

20 determine goodness-of-fit.

Experimentally-defined parameters
Experimentally-defined parameters are those whose values could be identified or
derived directly from experimental data. These parameters are summarized in Table 1 and
25 discussed below. '
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suggest that.. eyen, undeg_JThl_ or. Th | @rizi C |ti,0ns he | ynphocyt e
popul at i of* e‘iﬁsp%%%"fwtqeﬂf"‘éy@é‘@ﬁioné’gﬁ#?&fcﬁ’mﬁe@?ﬂé%{eﬁgf’ cs en route
to becom ngzcao,wgasr inZ9Em @) Hdnad:85didtic C@mwad(?l Rlutbef Aesdumit PuBlshRa)whilki on.

Wth this in nmnd, in one _enbodingnt the nodel can stratify the generic LN
T 10 that of BDC density is 17.4+5.4x10 cells/L (Upham, J. W. et al., Cytometry, 40:50-59, :

2000).

Driving function which represents inflammatory stimuli
‘ By executing the mathematical model with a driving function, AM(t), which

15 reflects a dynamic inflammatory sﬁmulué, the equations may be used to determine dynamic
changes in recruitment of precursor DC populations into the lung tissue and to detefmine
_ dynamic increases in the LDC population under inflammatory conditions. The specification
.. of AMy(t) is explained here. Based on the rapid recruitment of the blood cell populations
into the lung, P-selectin is the adhesion molecule with expression kinetics most capable of
20 initiating recruitment. P-selectin is stored in Weibel-Palade bodies in endothelial cells and
. has been observed to increase several-fold quickly on the cell surface, reaching a maximum
. after 5-10 m_inutes (e.g., Tedesco, F. et al., J Exp Med, 185:1619-1627, 1997).
Disappearance of the surface P-selectin via endocytosis has been observed within 30-60
minutes. In addition, P- and E-selectin can both be transcriptionally induced by
25 inflammatory mediators with similar kinetics and peak approximately 14 hours following
stimulation (Vestweber, D. and Blanks, J. E., Physiol Rev, 79:181-213, 1999). To capture
. these kinetic features, the driving function AML(t) has been estimated to have the time-
course shown in FIG. 19. The value of AM;(t) at time equal to zero (AMy(t=0)) was set to
0.05683 sites (Table 2). |
30
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10 | ynphocyte popul ation into subpopul ations di stingui shed by 2
characteristic patterns of cytokine production. Unpolarized, Thl, An‘ffNTFpﬂa .
popul ati ons exi st, but these are subdivided to distinguish, for exarrpl e,
Th2 cell swmi()wﬂlpirloduce IL-4 from Th2 cells which produce POBTUS02/R0622 and
IL- 10. Different patterns of cytokine production by the T |ynphocyte
popul at i orTabl;eZaE tedpwanitmlvelabs ﬁmdndmemtidabmdel d| stributions of cells

anong these 15 tH m:o“" + she a—exarple—eof—an—EfHqct
Di agram t hat di spl a;ga%mﬂi& of T| ny te states, according to an
enbodi nent of the pr (t= pyivention. Nal ve0$glﬁg§sﬁgbter and- reave |t he LNs
according to a steady state approximation hey can_be nmade_ anergijc or
activated by antigen presentation. Follow ng sufficient antigen

stimulatign, T.ynphocytes 20 : produce IL-2 while in the primary effector

1 state (%BHELE%%E-E%FQX@&F%WBW effector 1" in FIG 10. Cells |eaving

t he subsequent a ef fector
S%ﬁlﬁﬁéﬂ/ aefidh &g@%?%ﬁoﬁ@@ﬂ@sé s Sitre %ﬁec‘%db %;1 .

2" in Fl G 10) wll assune tor enot ype (node "LN Thi
ef f edt or " simulticd. resu]ys that vmr&’hﬂ)stahﬁdd:y mnsistqm avitit gxperifentdly kmbmh behavidys Th2

ffector" j |G 10 ' t bi ndi ] .h ' t f
PENCy - andof BCprsiusars i, B8 BideH ETORCE. Jhe fuiess Bribinsting HestormaBror Fu b ror v
in FIG 18koRRd rephdddtmiPépefifileh@l profstald ialied ﬁﬂtheniaﬁcﬁhﬁ’od@?ﬁﬂ?i’ dptirhiRing! G . 10)

conpete with naive cells for antigen presented on DCs, and are themsel ves
suscept i bpgamtea N@]Pg?baSAd pnake gaodness-qfefitafisinaelation resulés to Experihental results.
traffic t f ctor T cells
subsequen?}qg gal n en {b?i;;'e@'ga&ﬂ%ﬁe?s 51&?’?{%@?&?{’ gﬁ&de%%g%ub%pggul ations of T
cells are further distinguished by varying susceptibilities to cell death
in rl®sponse to cytoki ne I'Eahd¢ 8. Simutadion-dedinkd panatreter valies. exanpl e, the
nmodel ed Thi effector cells undergo activation-induced cell death (Al CD)
nore rapidly than the nodeled 28 2 7 JAN 2006 WO 03/ 001891 PCT/ US02/ 20672

Th2 effector celTs. phagndBdgEmean T NCl ude Yhfge and/ of gr oW n
factor-w t hdrawal - i nduced
BMosyn 2526 x 10’ cells/hour
BDCsyn 8.792 x 10’ cells/hour
AMp 0.02632 sites
B 1
o 43.07
.LDCTOT 2.739x 107 cells

Using data from published radiolabeling studies (Whitelaw, D. M., Blood, 28:455-
464, 1966), the turnover rate of BMos was estimated to be 76.8 hours. The experimental
15 data for this radiolabeling study are shown in FIG. 20, and corresponding simulation results
| using this half-life are also shown. Since both the BMo and BDC comé from a common
precursor population, the BDC turnover rate was assumed to also be 76.8 hours.
Using a steady-state approximation with equatlon (1), and this turnover rate, the
synthesxs rate of blood monocytes (BMosyn) was calculated to be 2.526x10’ cells/hour.
20 The same process with equation (2) gives a calculated synthesis rate of blood DCs
(BDCsyn) of 8.792x10° cells/hour.
Values for AMo, B, 8, and LDCrot Were determined from data on steady-state and
inflammatory challenge studies of LDCs (Upham, J. W. et al., Am J Respir Crit Care Med,
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apoptosis (GFWA). T Lynphocyte Cytokine Production 5 Several cytokines
produced by LN T | ynphocytes are involved in regulation of T '|ynpR@cyane 2008
| ynphocyte, and DC LN popul ati ons. These can include, for exanple, IL-2,

| L-4, |L-%wo0bdmwodgo1l L-10, and IFN-y. In addition, T |ynphocpemusadas72traffic
to a peripheral tissue produce cytokines and chenoki nes involved in the

regul ati 9'15??A8§4! WRhMSWREarA A, S.Qk BEIJ B MeR 0199421 79153 1¢ E336; HotER/@pkages,
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at a specithedtaabeto sbhthe pathpdtbroraleds iiM1OIHHE FSllbwing: Uplnt etedl, feportddahatat e
at which cells nmove fromone state to the next. 15T %/rrphocyte Surface

@

Mol edul e BOE ead B dronpad approximately 3796 aad ¥ rerpaetivelis at thsepdiqugs fpllowing
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regul ati oﬁn%ge’\/cgrgif%@g' c%effe?&gé%llﬁsa |e(%3 n@é léf%gﬁ%do{éng%ﬁée:&r%en@o%Pyglg:é%jg%aggﬁ date
cel : 3 ur f asel Wﬁilefhelmoilfve@hu&fbggge?' td ndmhl lb?&éWilliagtﬂtal.obser%MdDCmumB&s

I ncl udi ng caostinulation . g.,. , cellulay gctiyatjqon (e.g., . .CD40

| i gand), ®AK iS.1x bpsghine v @Sd‘!l,ﬂulragww fi dpytro CEM% SHmghsof
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i nt dfact i amsrowo T | ynphocyt e expansion, differenti-ation, and death,

according to a odi nent of .the .pres I n Lon. T,l hocyt.e ansi on
and different %ﬁ{%ﬁe&p@shﬁt&? ﬁ%?‘ﬁ%‘aﬁ@ﬁ.aﬁé‘i@?‘w@ 5 g"tﬁ%ﬁé? %W%E’?l%&

i nhi bi t or ¥qiaiehe % willné sinfeidndrodicoPihat thirkigs thedpbiimbstalFrdidcblst Hult et :
i nsufficient concentration of cytokine growh factors (e. I L | L-4)

or by act luthe 5RG Yalursage incagreeraent vithgheeyperiments] Sindings °§Hg°h,@ﬁ FJO@HZ -
ligation gb gledhlufifhGRlilsTol fotl the B135d afitidsiE paflIhnicHs Gk showhl tb veUr f ace.

15 substantially consistent with the experimental data of Upham et al. and McWilliam et al.
The results are also substantially consistent with other measurements of the dynamic
‘response of the LDC populations to various experimental conditions (Ingulli, E. et al., J Exp
Med, 1997, 185:2133-2141; Lambrecht, B. N. et al., Am J Respir Cell Mol Biol, 1999,
20:1165-1174; Stumbles, P. A. et al., J Immunol, 2001, 167:228-234).

20 |
Useful outcomes of mathematical modeling

Mathematical modeling of DC recruitment as just explained has generated insightful

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

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

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

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

179:1109-1118, 1994; Yang, D. et al., J Immunol, 165:2694-2702, 2000). Hence,
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FIG 13 shows the Effect Diagramof FIG 12 with an overlay that _shows the
equation used to calculate LN pe2 expansion function, according 23 AN 2006
enbodi ment of the present invention. As shown in FIG 13, an equation for
t hi s funcwmos/émgar porates cytokine 29 2 7 JAN 2006 WO 03P00AB0220672

PCTI US02/ 20672 effects, costinmulatory nol ecule effects, cell cycle tineg,
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Populati ons. - 1AL Futeli bbBhrpartofad ol Bfe BB HCHeBRhoPbIBIabOOE |
endot hel i %glﬂéﬁﬁlﬁ%ﬁﬁ&iﬁeﬁblléﬁw&kigéﬂbﬁﬁieﬁge Siggestthf P-seletiib)is thenaestlikelyi on
(0]

gradi ents chenotacti c nedi ators. Cytokines induce endotheljal cell

expr 8ssi oAmeng thelmoxm afhesiemmoiesnlesty mediatasrecrpitment beppuse it Fayke yapidly ect i n,
E- sel ect | ' | : ; ' | ul
manest on SPLEHiL e ke 0ol sfacoToR stmflation (rédiscd. . 80ML Mg '

several ce85:16)pe627,199Ne peri pheral tissues and may include, for- exanple,
IL-8, IL-16, MP-1 p, thynus f\nd activation regul ated chenokine (TARC), and
RANTES. Chenot dstthis exgaplsmads] abDCipgeqursprrepitmentinto pexipherab HSSPR|  and Th2

entry to e, ' [ omdod Hr Efierent
Sot o of O Ehohalfy BELAACHP coippAUAS of e Hifecf Dielilt, difioled 5 (RiE 30 Hlnbic °F
Th210el | thodedsfand theayrews andduddifiend linkingthemptepodsemt mathikrastinab redatibnshipe thiabn

nol ecul es. nmer gent R L.ati,on. of .Thl /Th2..Pol ari.zati,on, 20 1t has been shown
T St T deiehp Ebmen W arRicioeid vt Thésshasfihustiht flaonsBg 64, .
noder at e §Qtdped Withoihb blliesT appRPHER publibly dvalaisle foiltiof onitHérdiéwat s of
antigen produce a Th2 response (Hosken et al., J Exp._ Med. 182: 1579-1584,

1995) . Si Phiysiglogigaleomponents. Ini qihervyordsdhe Effeptdaiagram wdicetes die petofiul at i on
and inter &g{ﬂemaﬁﬁalqgﬂﬁéﬂsﬂfbs that are represented in the model. The publicly available
15 information can be put into a form that matches the structure of the Effect Diagram. In this

way, the structure of the model can be developed.

Simulation of Biological Attributes of an Adaptive Immuhe Response

The following discussion describes the nature of the biological attributes that can be
20 obtained by numerical or analytical integration of the mathematical model. It further
elucidates changes that may be made to the model to obtain simulated biological attributes
that correspond to qualitatively or quantitatively different adaptive immune responses.
The mathematical mode] is equipped with a set of baseline parameters selected to
represent a particular type of adaptive immune response. In one embodiment, the baseline
25 parameters are selected such that the simulated biological attributes are substantially
consistent with the biological attributes of an established immune response to an allergic
stimulus. The parameters of the model can be changed to represent varying manifestations
of the response including for example, acute responses to a bolus exposure of antigen, or
low level chronic responses to low levels of antigen, or quiescent response to the absence of
30 antigen.
The model can also be changed parametrically to represent different contributions of
the involved biological processes to the biological state. Changing the contributions to the

biological processes will yield different simulated biological attributes and enable
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I n one enbodi nent of the present invention, the conputer nodel does not 25
i ncorporate explicit signaling for naive cells to produce Thl or B2 JAN 2006
progeny with varying antigen levels. Nevertheless, this trend is

observabl gygesdigssul t of differences in the rates at whi gar/iRha/Rgsh Th2
cell s expand and undergo apoptosis follow ng activation. For exanple,

15 i || ust Latiesdh o UbW\Pardhetbl VhalBdalres O diflesT Pdr éXathpld) haifidgsthaf t er

primary culture as a function of antigen dose,. according to an enbodi ment
of the pr epmopriatavende] paramateraaich fhatD A biog¢timed - t2produationns erthamesd fguonss

decreases W th the anti.gen dose |i.ke the. nunpber .of Th2.cell s | Gh

i ncr eases T PRIGRIMELIRATIORS a%ig}a%feﬁ I%WSﬁﬁ’Slroné) eﬁ%ﬁ;&cﬁgngeéyg\ﬁgéegfon
costi mul atfi j9mpRBGte pbpulatidnddi mentary way - intercellular adhesion can be
varied within"the cornputer nodel to produce simlar results. 30 2 7 JAN

2006 S\O 03/ 001 ¢lerRaEzusabwit otter Tomponeaigioigeneratsi agraamealer discaspe requi red
to observe,these shifts in Thi/2 ry zat.i ] var.i L QRS L.t
factors. - BhngcReypisi ek calratn Rl S p081 2kt foops Bl B blRubel 1376

Publ i shed jlaiude sespaesito tivatate oF iHeRgstbR\Rt6 tHRfpragressi betwerndisdse statesbf i pl e

outcones in T |ynphocyte polarization under different experinental
condi t i ondiffesentisgyerity, The medel samalse repaesepithe ditfarent stagercof ipmne Jesnopses,

evol vi ng n] T Ui Wt i 4 vitro
cultur o ab b BraprOind ol eROane Ty g aiud of WPl SFLERMEBRRNS 1 [
presEnt i heveltdfantige. Oneugdant bEgenemting tkis vindation inlthé madelicgn frvebresreplading
phenotype, Th2 cell.s. predom pate,throughout ear]|. opul ati.on devel opnent .
hs ant| geRREBEBOTRDIRloEeaL e IAb s BTHARY SEhHe RUEHE sy Wi oRe T B onse 10
occurs | apRiioAtd vhRaies thit dolR GRr ifeWAd dBpdnd@n sbine Jr8RGIMY RaludRd bPBewOI Nt
at which cell” nunbers are neasured, an apparent ThZ response w ||

t her ef or ebisbogital pracesses.dior sutmplei mrmnepmblodynendsihe PG asmexngesd topehinie
Devel opneg,, %@Fﬁog{\égggém%%ﬁﬂ.eﬁﬁé 108038081 o afiti S ehep b Hs IRy in3580e WabdTFéer 19
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15 of inflammation in the peripheral tissue and maintains a chronic low level immune -

response. Altering the immune response, to include for example, acute responses, might
involve replacing a fixed parameter (e.g., antigen level) with a direct function of time, an
algebraic function of other biological variables (i.e., a biological process), or via a
dynamical systems equation such an ordinary differential equation. Alternatively, changing
20 the immune response might involve adding new processes such as exposure to viral or
- bacterial pathogens, influx and dynamics of NK cells and neutrophils, and allowing APC
.behavior to be modulated by these processes.
In one embodiment, the previously fixed values that specify allergen éxposure ofa
peripheral lung tissue by a mild allergic asthmatic, are replaced by a direct function of time
25 or by a function of other biological variables to represent the effect of seasonal changes in
allergic stimuli to the pathology of allergic asthma. The model depiction of acute
exacerbations in a chronically inflamed lung can be used to study, for example, the role of
- the adaptive immune response in acute exacerbations as well as chronic inflammation and
approaches to alter the character of the adaptive immune response through therapeutic

30 changes to the APCs themselves or the peripheral tissue environment.
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The foll ow ng di scussion provides an exanple of a nethod by which the
conponents of the above-described nat hemati cal nodel can be devel o qd Aﬁ‘%ﬂ&
di scussed above, the various elenents of the physiologic systemare

repr esent g conponents shown in the Effect D agra
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. Examples of the calibration of the migration kinetics of DCs into the lymph node are
shown in FIG. 23 and FIG. 24. As can be seen in the FIG. 23, the simulation result is
substantially consistent with experimental measurements reported by two independent
groups in the published literature (Ingulli et al., J Exp Med, 185: 2133-2141, 1997;

20 Vermaelen et al., J Exp Med, 193: 51-60, 2001) in the context of non-productive

interactions with CD4+ T lymphocytes. In contrast, productive interactions of DCs with
CD4+ T cells result in slightly different kinetics, as seen in FIG 24. Productive interactions
induce activation of the CD4+ T lymphocytes, which in turn increases the apoptosis of the
antigen-presenting DCs. The simulation result is consistent with published experimental
25 results (Ingulli et al., J Exp Med, 185: 2133-2141, 1997) and is shown in FIG. 24.
The stimulation of T lymphocytes by APCs also reproduces the experimental data
reported in the scientific literature. In Table 4, the simulation results are compared to a
study by London et al. (London et al., J Jmmunol, 164:265-272, 2000) where the cytokine
production response of various T lymphocyte populations to antigen and costimulation was
30 measured. The model parameters were selected to be consistent with the experimental
protocol described by London et al. in which both memory (mem) and naive T lymphocyte
populations were stimulated with two levels of antigen (Ag) and costimulatory molecules

expressed by APCs. The cytokine production kinetics were measured (Table 4), and in
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publicly available information. Al though not discussed herein, §

remai ning regulation of DC recruitnent and popul ation dynamcs c 7 AN 2006

simlarly derived frompublicly available 10 .information. In the

mammel i an WOH3/00MRE form an overlying network at the | ung PEATLROY20IAt has

been associated with their role in acquiring and processing antigens at the
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quant i t at ir¥flid 18@ AnBRELfoR Bififafisn 8s 8&hoRirafed by tﬁ@l dath OF Dehdorfltal. er enti al
equations using basic engineering principles such as a conservation of

species (Bird, R B. et al., Transport Phenonena, 2a Edition (2002), J.
Wley). In general, the relationships for the popul ati on dynam cs of the
three cellular classifications are: 25 Rate of change of BDC = rate of BDC
synthesis .- rate of mgration of BDC TABRLE 4.ungs and ot her tissue

conpar t mygolias € Of THHentyp& Rl [ SIARIEHOH REMMs SY N REulis frond Bbftiolet
m gration of BM infgimaigs and ot her tlssue conpar ;ﬂem@

of ' changg-of—tBDC—="Tate of Tecrurtm IVU CH 1 BDC
- rate g1'm’gration of LDC to |ynph OEBX Tém#}%]; I\W gl% lf‘:ﬁ%Q
PCT/ US02| 20672 Thesp three cel | popfi ? ns ¢ BRI RSARIVAYEG | RS
Nl A+

total popyrgt+oen " TRaive. lowAg <0.001 n.d.
IL-2 Naive, high Ag 0.053 62 0.04 60
I1L.-2 Mem, low Ag 0.122 58 0.07 60
IL-2 { Mem, high Ag 0.157 56 0.16 60
IL-4 . Naive (high and low) | <0.001 n.d.
IL-4 { Mem, low Ag 0.007 60 0.005 60
[ TL-4 Mem, high Ag 0.008 58 0.008 84
IFN-gamma | Naive (high and low) | <0.001 nd
IFN-gamma | Mem, low Ag 0.015 64 0.018 60
IFN-gamma | Mem, high Ag 0.018 70 0.018 84

10

Initialization of the Mathematical Equations and Numerical Solution of the Computer
Model

' Since the Effect Diagram defines a set of ordinary differential equations as described

15 above, once the initial values of the biological variables are specified, along with the values
fpr the model parameters, the equations can be solved numerically by a computer using
standard algorithms. See; for example, William H. Press et al. Numeﬁcal Recipes in C: The
Art of Scientific Computing, 2nd edition (January 1953) Cambridge Univ. Press. As
jllustrated above in the Example Development of a Model Component: Dendritic Cell

20 . Precursor Recruitment to a Peripheral Tissue éection, one can derive equations, obtain
initial conditions, and estimate parameter values from the public literature. Likewise, other

initial conditions and parameter values can be estimated for different conditions and can be

us¢d to simulate the chronological progression of the biological state.
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~then the rate of change of the popul ations can be witten as the foll ow ng
equations: dBDC BDCsn,, -k, -AM. (t)15 BDC-k, Ao BDC (1) dt BDCT@} 94'5%276
BMosm - k, AM (t) /3 BwMd - k, AMo BM (2) dt BMTOT d LDC = :

t) BDC70T O%/015|?c+ BMbTOT . p. BMb - km LDC (3) dt LDQé\( m@%ﬁﬁ
t 1

where 5 A ="tinme - dependent endotheli al Ilgand in |
facilitates re Sit —en andln r tjssues
which facilital dé’g?F ﬁ’r“r&ﬂ?lpth{gﬁl’ﬁéi‘ﬁ“ i\ Q#W“Eﬁ gperipal VF Xesithen

ot her tlSﬁuﬂﬁm\ahbﬂquﬁafddsIotfaieqﬁo&hﬂana&%mahrafea%( Etinba) conditonSSbg i Livity of
bl ood monocytes to endothelial Iigand expre55|on 8 = sensitivity of blood

dendri t i cexample ane conldmimulatesdn ih ivifem expexiprent by spﬁmmi(;ﬁ t;:?@dmmtlolz efithbl ood
dend | | |

(ool | 5/t oiBeriaipt 51 tE goltd s%&l%&@“@aﬁ {5t ol feica dfblesf BRF b, oy
cells). ﬁ@@%ate(s) ,thﬂay&ﬁf)ﬂmédeh T rapsbey R Shipl dusneﬁtésf(e @c ?Hv%/ hour)

BDCTOT = total nunber of bl ood dendrltlc cells (total cel
synt hesi sCP4td lymphoowés, mﬂwgﬁﬂlééyl(ﬂpr}’QﬂShwm)g ’IWymphocﬁes)oﬂmlammmbef of

bl ood t t el | nunber ritic
cel | (¢ omeetetiefe Rutofiie citiscomait (3, eidbidpa F sEhashons P FRCsmnf)
K" = mat ulLa4). The hatrRricalnslutith wolldiaulute Howdlhdifor ﬂlﬁhe@ﬂgerﬁﬁéntdw megsurdte
dynam c state of BDC and BMb pul ati ons as requl at ed rat es of

synt hesi scehoppigéions and mgéla@r@af L8 ErBHmd Ep&msggg lymphogyfes) at

dynagi c %grtlﬁeggl%é}%e@ﬁeaﬁﬁga' mms farid¥atbi. méd&lﬁoﬁrtﬂe filrhinta 5810634 Ssud Ung

tissue.
generate the complete chronological progression of all biological variables in the model

over the course of the experiment.
Furthermore, the computer executable software code can facilitate visualization and
manipulation of tﬁe model equations and their associated parameters to simulate different -
15 patients subject to a variety of stimuli. See, e.g., U.S. Patent 6,078,739, entitled “Managing
objects and parameter values associated with the obj ects within a simulation model,” and .
U.S. Patent 6,069,629, entitled “Method of providing access to object parameters within a
simulation model” the disclosures of which are incorporated herein by reference.
In one embodiment the invention can be used to model therapeutic agents such as
20 steroids, B-agonists, or leukotriene antagonists. Thus, the model can be used to rapidly test
hypotheses and investigate potential drug targets or therapeutic strategies. For example, a
therapy can be modeled in a static manner by modifying the Parameter Set of the
appropriate tissue(s) to represent the affect of the treatment on that tissue(s). Alternatively,
' therapeutlc treatments can be modeled in a dyna.rnlc manner by allowing the user to specify
25' the delivery of a treatment(s) for example, in a tlme-varymg (and/or penodxc) manner. To
do this, the computer model has the ability to include pharmacokinetic representations of
various modulatbfy classes of treatment (e.g., anti-cytokine antibodies, adjuvant-like
mediators, steroids) and how these treatments can interact with the various cell types in a
dynamic manner. Further, when the model is integrated with a disease model, there is an
30 ability to include pharmacokinetic representations of various therapeutic classes (e.g.,
anti-cytokine antibodies, altered forms of antigen, adjuvant-like mediators, steroids) and
evaluate how these therapeutics interact with the elements of peripheral and lymphoid tissue

to generate a clinical outcome.
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10 two ternms on the right-hand side of the equation (3) inply that once BMW
are recruited into the tissue conpartnent they becone LDCs. |7 chidl 2006
enbodi ment_of the invention, the alternative pathway of nonocyte

di fferent iWO03M038t 0 ot her cell types (i.e., nmacrophages) PET/HS622060hg has
not been represented. The maturation or efflux rate of LDCs fromthe |ung
conpartnent is the third term onValidationof thedWiddel de of equation (3). This
rate of maturation 15 .of represents.the mgration of ture LDCs into
the |ynphatic Y;t‘ﬂﬂ?bggsn?d7 IEK@%%£W@B£W1%¥W%WPWBWSGS

ul timatel o réf@rehg@?iﬁéml_msbﬂﬁ&%%iolggbﬁ pr&éeRiddl GRliddioh ¥ Bis bR cRAbOWES 0! OF

the elimnation o such as apoptosis. The nurerical output of these
cal cul at i yalidate bethnthe eemputer mefleltand ¢hajanatytiopl mpdel @bodidD@}s efitlie BMention.any

ot aie of arergee dtinBhnd BFEligkly 5 1Rati e PoBuiCnioftor A e
model . Theolnaeing sidelited bidlogishasiiNiied O B6 HloBo P ReRAHbO pat e FIABIRIHal ON

the inflammatory state of the lung. In the short term the endotheli al
adhesi on feMpeRsrEs oLthe adapiive Ammyne resppnse o3 4@ esfergned patiemnsiod the ¢nsise aduptiyet he

| i nfl . Ki i fr [t ther
tHoSucs. o SRS krbBRP AR e e O 1o (AR hE aflenp 860 MAITAF b BafBelE

el i m nat ednmmina gespondectadymadehd Lanottpep bivlogiol sgﬂeﬁ&hattiﬂermmeafbpﬁve .
Do Mo BRrains Fe0gest: e oxaple spedet o & AlEiC EAratiA e el ofintegiioal .
(t =0) +b6@eﬁ@§éa@élmgé, SPmBY STScAistohdomAYrarisba iitfebiort, ahBbdidbaret = 0) +
AND .BMb (5) dt BMOTOT 8 AM. (t :(%) + AMO dLDC Al (“t’) BDCsty 8 , BDC +
BVosm f | SinBNgfiongtofghe ommubined mogel ta-referenexparterrisfioy the combined system.

In one embodiment, validation of the model of the adaptive immune response is

performed by linking it to a model of a peripheral tissue whose function depends on the

15 adaptive immune response, and comparing simulation results for the linked model to
reference patterns of the peripheral tissue biological function. The model of the adaiative
immune response could also be integrated with any number of other components to
represent a healthy or diseased physiological system. Validation of the model would be
done by comparing simulated results of the linked model to reference patterns of the

20 components, which could be tissues or entire organisms that are dependent on the adaptive
immune response.

To use linking of the adaptive immune response to a peripheral tissue model for

validation, the following process can be used. The method of validation can involve having
a model with the attributes of a peripheral tissue of interest in a particular biological state.

25 Specific characteristics of cell types, cellular abnormalities, physiological abnormalities,
and the chemical mediator environment of the peripheral tissue can be modeled
appropriately. In particular, the peripheral tissue modeling is necessary to reflect the impact
of peripheral tissue constituents on cells of the adaptive immune system and conversely, the
impact of immune cells on peripheral tissue constituents. In one embodiment, the adaptive

30 immune response model can modified to reflect the nature of APCs and lymphocytes that
are associated with specific biological state of the selected peripheral tissue. The
interactions of the immune cells with each other and with cells or chemical mediators of the

peripheral tissue result in simulated biological attributes that can be compared to
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- AM (t = 0) - (BDCsm 8 + BMosr, ,0) LDC (6) LDCTOT . (8AM(t=0)+AMO)
I'n general, paranmeter values can be defl ned. based on appropriat®y jan 2006
measurenents in 15 hunmans. However, in the absence of specific kinetic
maasurerreg#(g _4‘/ rrans data from rodent or other studies oMaggsh The
esti mat es r par arreter val ues for which no experinental data are avail able

be det | ut i £ f |
caquat one AP A PEr K jesR s Pri@hs AveHES For et of b A defs
appropri ahe dee@maﬁah aﬁ%bﬁﬂdaﬁbﬁ eﬁméae‘mﬁmdmﬁnweﬁém \ﬁemdaﬁﬂgia Ebhputedf

measur enents can be used 0 determ ne goodness-of-fi

Exper i rrenl\/éﬂdeis" @éﬁd mMaydﬁamzeAQPM@nleb@fl 104154 ¥8il declpér awerperatedhr e
t hose whosge v ‘c;rﬂ&ld be identified or derived directly from

experi nmen 3“1}1 516 €Se paraneters are summarized in Table 1 and 25

di scgssed bel 0Whe 3daplivé itAlind 9€kpo¥e i %Wm?ﬁﬁdﬁ@%é&%&lﬁdﬁﬁll&fks 10
X

Experimental | y defined paraneter val ues Paraneter NanmeVal ue B

cel | s BDCRiTDamhgumatpd arehritis, ipflammeatenry Wd@ﬁ@ssma@perbml indertioys es
BNVbTOT d
g 4x12)7&fcggﬁa %@g ﬁr %Es dyon p bI | gagl Hﬁgﬂgggl ﬁinét]agls 5@9}%

denS| ty, mmddpmmmugﬂnmcotﬂmmmaghsmmé}ﬁ aBer@mI iters
of bl ood 0 kg n, .8% of. .body wei ght is bl ood (GQuyt Text book
of Medi cagsthrpﬁyéfﬁ om?fﬂn%aons ﬁ@gﬂéap mﬁgé\m foR REATRRIs | t y
of RQlood pRvidedhEhroperd Sifnuli to produce known reference patterns in asthmatic patients

including elevated IgE levels, partial degranulation of mast cells, airway

hyperresponsiveness, and elevated levels of cytokines associated with a Th2 adaptive
immune response. The model can also reproduce appropriate reference patterns of patient
responses to bolus doses of antigen, including compromised airway function and elevated

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

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

25 . . While various embodiments of the invention have been described above, it should be
understood that they have been presented by way of example only, and not limitation.
Thus, the breadth and scope of the present invention should not be limited by any of the
above-described embodiments, but should be defined only in accordance with the following
claims and their equivalents.

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

skilled in the art that various changes in form and details may be made therein without
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published estimate of BM density is 5.0x 108 cells/L (Rich, I.

Monocyt es and Macrophages in Prima,y Henatopoietic Cells (1999) IZI7U\JAN 2006
Academi ¢ Publishers) while 10 that of BDC density is 17.45.4x106 cells/L
(Upham J.wow3ee18a1 ., Cytonmetry, 40:50-59, 2000). Drivi ngPCHAISO2/2067Ni ch
represents inflammtory stinuli By executing the mathematical nodel with a
driving f uleparting frofdMbetspirit\end stopeof thef ineerttiona Rwynmanmlej aiﬁlbaglnaccrtgm

sti mul us equat i.ons be usedtod rmn yn eS|n

e ui ¢ e AMDATHR 0GR CORPBISr SEUAIR B GeSRADB o HEer Ao Res A Hassi e
determ ne kIAIﬁlg i agmdPr y

condi ti onssugﬂegﬁ?gtg{:%#zg??%g&ﬂﬁﬂﬁﬁ( BI?E explbg?%gg@ﬁggg?mgased cgn t he
rapi d recrcomputanisyséms he bl ood cel | popul ations into the lung, P-selectin
is the adhesion nolecule with expression kinetics nost capable of 20
initiating recruitnment. P-selectin is stored i'n Wi bel -Pal ade bodies in
endothelial cells and has been observed to increase several -fold quickly
on the cell surface, reaching a maxi mum after 5-10 mnutes (e.g., Tedesco,
F. et al., JExp Med, 185:1619-1627, 1997). D sappearance of the surface
P-selectin via.endocytosis has been observed within 30-60 mnutes. In
addition, P- and E-selectin can both be transcriptionally induced by 25

i nflammatory mediators with simlar kinetics and peak approxi mately 14
hours following stinulation (Vestweber, D. and Bl anks, J. E., Physiol Rev,
79:181-213, 1999). To capture these kinetic features, the driving function
AML(t) has been estimated to have the tinme- course shown in FIG 19. The
val ue of AM_(t) at tine equal to zero (AM(t=0)) was set to 0.05683 sites
(Table 2). 30 35 2 7 JAN 2006 WO 03/001891 PCT/ US02/ 20672 Tabl e 2.

Estimat ed paraneter values for mathematical. nodel
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Paranmet er Nanme AML(t = 0) Value 0.05683 sites Sinulation-defined paraneters
Si mul ation-defined paraneters are those whose val ues were sel ect egyt gayioggd
5 simulation results that were substantially consistent with experinentally
known behavwores/omsdr1 DC precursors in the blood and LDCs. Thecpusneaes2of

sel ecting these paraneter values involves reproducing experinental
protocols in the mat hemati cal nodel and optim zing paraneter val ues based
on the goodness-of-fit of sinmulation results to experinental results. The
sinmul ati on-defined paraneters are listed in Table 3 and descri bed bel ow. 10
Tabl e 3. Sinulation-defined paraneter values. Paranmeter NanmeVal ue
BMbSYN2. 526 x 10 cell s/ hour BDCsnB. 792 x 10 cell s/ hour AMb0. 02632 sites pl
843. 07 LDCTOT2. 739 x 10 cells Using data from published radi ol abel i ng
studies (Wiitelaw, D. M, Blood, 28:455- 464, 1966), the turnover rate of
BMbs was estinmated to be 76.8 hours. The experinental 15 data for this
radi ol abeling study are shown in FIG 20, and corresponding sinul ation
results wusing this half-life are also shown. Since both the BvMb and BDC
conme froma conmon precursor popul ation, the BDC turnover rate was assuned
to also be 76.8 hours. Using a steady-state approximati on with equation
(1), and this turnover rate, the synthesis rate of blood nonocytes (BMsn)
was cal culated to be 2.526x10" cells/hour. 20 The sanme process with
equation (2) gives a calculated synthesis rate of bl ood DCs

APPENDIX FIG. A-1

Adaptive Immune Response

Summary Diagram
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(BDCsyn) of 8.792x 105 cells/hour. Values for AMo, 0, S, and LDCTOT were
determined fromdata on steady-state and inflammatory chall enge 2 udiaas o
LDCs (Upham JMwowyoompial., Ain JRespir Crit Care Med, 36 RCTUSRRI6Z0D06 WO
03/001891 PCT/ US02/ 20672 159: A854, 1999; McWIlliam A S. et al., JExp Med,
1994, 179:1331-1336; Holt, P. G et al., Jlnmunol, 1994, 153:256-261). The
accuracy of the simulation-defined parameters is evaluated against the
ability of the mathematical gnodel to reproduce the experinental data. The
data used to set the par arrgrﬁef val ues include the follow ng: Uphamet al.
reported that 5 BRK and BIVBw&ropped approximately 37% and 5% respectively,
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Mat hemati cal nodeling of DC recruitnent as just explained has gergey q@
insightful observations on this area of biology. Uphamet al. denDns 9%@
that at 3 houweodwldoowi ng antigen chal | enge, BDC densi t ycausered:2 by 37%
while BMb density dropped by 5% In 25 reproduci ng these experinental data
with the nodel, it was also found that BDC account for 20% of the

post -chal I enge ti ssue DC popul ation. So, while BDC conprise only about 3.4%
of the total DC precursors in the blood .(i.e., BDC plus BW), they
conprise a much larger percentage of the lung tissue popul ation. The
functi onal consequences of preferential BDC recruitnent may be profound
BDC and BMo are functionally dm.tl‘at, their antigen 30 p and
presentation abilities (Caux, € Bl ood, 90: 1458- 147

Garrett, W S. et al., Cell £28)2000; Sal | us¢
Lanzavecchia, A, JExp Med,& ‘ﬁf 1994; Yang,
JI mmunol , 165: 2694- 2702, 200 7 2 7 JAN 2006

PCT/ US02/ 20672 preferenti al one cell may
dramatically influence antig on to T | ynphooy

addi tional useful observatig ki netics of

tissue DC popul ation respo RSef g antlgen t hat
P-selectin is the nost likely $1t he know ‘ \

medi ate recruitnment because it ean be rapidly :' to~t he endothelia
cell surface upon stinulation (Tedesco, F. et =Rl ) Med,

185:1619-1627, 1997). As this &X m sor recruitnent
into a peripheral tissue genefal i It rateg _

Ef fect Diagram denoted by@giat &: b1 on dws and
nmodi fiers |inking : Ri=hne
the el enents of thg q bitds
can be develo

information o t he

Ef fect Diagra

APPENDIX FIG. A-3

Dendritic Cell States and Properties

Airway Dendritic Cells



mat hematical rel ationships that are represented in the nodel. Thep pupinN gy
avail able 15 information can be put into a formthat matches the structure
of the EffectwDiocagrissn In this way, the structure of the REHE$02R206M2 be
devel oped. Sinulation of Biological Attributes of an Adaptive | nmune
Response The foll ow ng di scussion describes the nature of the bi ol ogi cal
attributes that can be 20 obtained by nunerical or analytical integration
of the mathematical nodel. It further elucidates changes that may be nade
to the nodel to obtain sinulated biological attributes that correspond to
qualitatively or quantitatively different adaptive i mmune responses. The
mat hemati cal nodel is equipped eth 3, set of baseline paranmeters sel ected
to represent a particular type gf~\agRptive i nmune response. In one
enbodi ment, the baseline 25_param ‘3' are sel ectad such that the

l

si mul ated bi ol ogi cal attgrbut traIIy gnsi stent with the
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physi ol ogi cal system (e.g., allergic asthma), the nodel can repre t @hgbﬁ
contribution of the imune response to the state of the system or
progressi on betoemnstii sease states of different severity. PTMRBMMMﬂb can

al so represent the different stages of immune responses, i.e., primary and
secondary exposure to g given antigen, as well as exposure to varying 10

| evel s-of antigen. One ffeans of generating this variation in the nodel can
i nvol ve replacing one nor e bi ol ogi cal varlables formerly fixed at a

i i variabl es that evol ve over
new bi ol ogi cal processes.
gxposed to a chronic | ow

dnti gen exposure results in
pdt)pheral tissue and maintains
t he i mune response, to
vol ve replacing a fixed

time and depend om
For exanple, in on
| evel of antigenic
sone basal |evgl
a chronic | owHeved
i ncl ude for exanpl el responses, m g
parameter (e.gg8, a vevel) with a di
al gebrai c funckion gf ofRer biol ogical v
process), or vea &6
equation. AlteRnat |
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influx and dyngm
. behavior to b€ no
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lung tissue byga m ¥ Li;t, are
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effect of seasonal yag in allergiC stfuli T
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hanging 20 the yie response m ght involve
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exacerbations in a

chronically inflanmed | ukg/can be used to stdy, for exanple, the role gf
t he adaptive inmmune response in acute exacerbations as well- as chronig
inflammation and approaches to alter the character of the adaptive ingune
response through thétgpeutic 30 changes to the AP&~ hensel ves or the i©
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WO 03/ 001891 PCT/ US02/ 20672 Model Calibration Mddel calibration rESe%N@@
the estinmation of paraneter values based on quantitative and quafitati
experinment al wossowadi ons that correspond to biol ogi cal vapchbb®R0672

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

mat hemati cal nodel. Paranmeter values 5 are estimated fromboth in vitro and
invivo data fromthe literatuge n the nodel calibration process. Wth
parameter val ues estimated .. 5 way, the nogdufesPof the mathemati cal
nmodel show behavi or sulﬁgt Y consi st ent | g% perimental studies that
focus on specific aspégts— he/ adaptive i nmdMe\!t esponse. For exanpl e,

t he nodel can/riproduc&® th& ti/m ng and nunbers @ cells involved in DC
recruitnment i peri pheral Yissue, and the 10 rggponse of different T

| ynphocyte popuf\ati ons to AHGglwi th varying ant [' gn | oads. As shown in-the
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reported in the scientific literature. In Table 4, the sinulation sults
are conpared to a study by London et al. (London et al., Jbnmunol ! JAN 2006
164: 265- 272, 2000) where the cytokine production response of various T

| ynphocyte popul ations to antigen and costimul ati on was 30 nmeasured. The
nodel par anet ewo om®ise1 sel ected to be consistent-with the eR(RUSORRI6T2a
protocol described by London.et al. in which both nmenory (nenm) and naive T
| ynphocyte popul ations were ¢ ith two |levels of antigen (Ag) and
costimul atory nol ecul es ' The cyt oki ne production

(7

i mul at eg

ki netics were neasured (Table 4{1“ | ‘5“»0‘2 7 JAN 2006 WO 03/001891
PCT/ US02/ 20672 some instances S£Y (dh\ ftifes were not observed above the
detection limt (n.d.). /& - o=t ) l{elif s denonstrate that both naive

and nenory popul ations ;e
terms of theggel ative cybkinds
anti gen. Thé‘general behavi ¢r al
| ynphocyt e sponses are al so [cHRiS|
menory | ynphocytes reqU|re | essit}
the data of LondOa :

~Fodel respond appropriately in
apd timng to different |evels of

0 a7 with the under st andi ng t hat
geafor stinulation as denonstrated by

’f,iokineT Cel | phengtype and
5 Jstinmul ati onal . 63?0 Nornalize Tine

Regulation
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peak (h)peak val uepeak (h) value IL-2Naive, |ow Ag<0.001ln.d. IL-2Naive,
hi gh Ag0. 053620. 0460 | L-2Mem | ow Ag0. 122580. 0760 | L-2Mem hi
Ag0. 157560. 1660 | L-4 . Naive (high and |ow)<0.001n.d. IL-4Mem | 0\%7 JAN 2006
Ag0. 007600. 00560 I L-4Mem hi gh Ag0. 008580. 00884 | FN- ar omaNai ve (hi gh and
| ow<0. 001n. d. | Ghs Mem | ow Ag0. 015640. 01860 | FN- gamma J—'ﬂ
A0. 018700.01884 Initralization of the Mathemati cal Equatlon% é‘ﬂ?&z’?{lﬁﬁen cal
Sol ution of the Conputer Model Since the Effect D agram defines a set of
ordinary differential equatijops_as des¢r gbed A5 above, once E initial
val ues of the biological var{aplrgs are Jemfl d, along with g&E val ues
for the nodel paraneters, the .. ed nunerigatty by a
conputer using standard al g ‘ .‘ 3 il e, WiJfamH Press et
al. Nunerical Recipes in C { »SQnpuiAng, 2nd edition
(January 1993) Canbri dge Uni v, AS ¢ afove in the Exanple
Devel opnent of a Mddel Conponeft'#)Dg J ecur sor Recr ui t ment
to a Peripheral Tissue sectiony Of "' ‘3"’ ons, obtain init®al
conditions, and estimate par #mu . pubI ic literature. <

@m be estingfed

Li kewi se, other initial condit¥ions w ,
‘fwoatsu .w

o
>
=3
o

Q
o
R

for different conditions and canf p®/~NSe
progression of the biological st@ fg :
PCT/ US02/ 20672 '

901891
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I n one enbodi ment, the conputer executable software code nunerically sol ves
the nmathematical equations of the nobdel under sinulated experinental
conditions. For exanple, one could sinulate an in vitro experinment by
speci fying the duration of the experinment and the following initial
conditions for the biological variables: DC density, the 5 DC st&l eJ(AQJ)ZUO& he
T | ynphocyte density, the T | ynphocyte popul ation states (e.g., naive CD4+
T l'ymphocytes, yhashdig Thl |ynphocytes, resting Th2 Iynphonmmﬁﬁyumhhe
anount of antigen, and t he cytokine environnent (e.g., endogenous or
exogenous |L-12, IFN-gamma, |[L-4). The nunerical solution would include
the val ues for aII the experinentally nmeasured cell popul ations and

medi ator |evels (e.g., nunber of IL-2 expressing Thl |ynphocytes) at 10.
the tine's" they were neasured in the |aboratory. In addition, the
nunerical solution could generate_the conplete chronol ogical progression
of all biological variables in th&ldodel over the course of the
experiment. Furthernore, the conpaejyy executabl e software code can
facilitate visualization and '44 pul™agy on of the nodel equations and their

associ ated paraneters tg ffergr 15 patients subject to a
i i i Pat ent\5+078, 739, entitled "Managi ng
{ed wit!h --\o- within a

si mul at i gm\nod€la, 'S, Pat il (8069, 629 f}l ed "Method of
provi di 'ﬁb 5 14 t par ang}le tvvl thin Wi ation model " the
di scl osurgs Merd k 3§ hereln b‘ lerence. In one

eutlc agents such as

enbodi menyy ‘% i A g o nodel ;
20 steroi Bdfoni ! | or | euk iy} L4y e ant ag[ﬁ 54Hi) Thus, the nodel can be

used to ragi vesti gate t ntial drug targets or
t her apeuti y herap nodeled in a static
manner by %-g’ @ @.ml g- tissue(s) to

: -:‘.u Ik Al ternatively,

represent Faf e A3
t her apeut\omrigagmn Q be u”{ ina dyn anner by all owing the
user to ,__ ellvery treatme ] or exanple, in a
time-var yf o (a ¥or od| C) ZEhE Ql To do t{ Jhe conput er nodel dhas
t he abil i [to i\ Iude ) har rracokl Rt represent atl ons of various

nmodul at ory cI asses of treatnment (e.g., anti-cytokine antibodies,

adj uvant -1 i ke
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medi at ors, steroids) and how these treatments can interact wittz NEANY i OUS
cell types in a dynam c manner. Further, when the nodel is integrate ith
a di sease nodel , Wh&08189s gn 30 ability to include phar macokPEBU$02/20672
representations of various therapeutic classes (e.g., anti-cytokine

anti bodies, altered forns of antigen, adjuvant-|ike nediators, steroids)
and evaluate how these therapeutics interact wwth the el enents of

peri pheral and |ynphoid tissue to generate a clinical outcememsy

2006 WO 03/001891 PCT/ US02/ 20672 Val i dati on of the Mdel Th
the nodel is validated by conparing simulated biol ogi cal CeSX
reference patterns of those biol ogical processes. Validat#zo& in t
can be used to validate both the conputer nodel and the &n3l yticq
enbodi ments of the invention. 5 For exanple, one method of walid ‘
behavi or of the conputer nodel is validated by conpari ng%’sﬁrrul at ed
bi ol ogi cal attributes of the nodel to reference patterns GF=i ndi vj a
conponents of the adaptive immune response or to reference patt er{ag|
entire adaptive 1imune response. An alternate nethod is to link ¥
mat hemati cal nodel of the adapti ) (i
bi ol ogi cal syst eprt hatr J
exanpl e a nodel '@

di sease (1BD), oM
.simulations of t}

peri pheral tiss
response coul d-g

represent a hfgllt 8y | H
model woul d b&d 4 L DA\

I mung
ot her conponents tg'

Val i dati on of thecj
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done by conparing sinulated results of the |inked nodel to refe®engN 2008
‘patterns of the 20 conponents, which could be tissues or entire organi $ns
that are depende™O G/fo18fle adapti ve imrune response. To use PCTKSopeperef t he
adaptive i mmune response to a peripheral tissue nodel for validation, the
foll ow ng process can be used. The nethod of validation can involve having
a nodel with the attributes of a peripheral tissue of interest in a
particul ar biological state. 25 Specific characteristics of cell types,
cellular abnormalities, physiological abnormalities, and the chem cal
medi at or environnent of the peripheral tissue can be nodel ed
appropriately. In particular, the peripheral tissue nodeling is necessary
to reflect the inpact of peripheral tissue constituents on cells of the
adaptive i nmune system and conversely, the inpact of imune cells on
peri pheral tissue constituents. In one enbodi nent, the adaptive 30 i mune
response nodel can nodified to reflect the nature of APCs and | ynphocytes
that are associated with specific biological state of the sel ected
peri pheral tissue. The interactions of~he imune cells wth each other
and with cells or chemical nediators ohe peripheral tissue result in
simul ated biological attributes that caude conpared to 43 2 7 JAN 2006 WO
03/ 001891 PCT/ US02/ 20672 experi nment a e vabl e reference patterns.

A 8. described in an application

%% Qonputer Model ," filed on

is incorporated herein

D

May 16, 2002, Application Nunbep:
by reference. 5 The adaptive i my ponse T's Inplicated in many di seases
including allergic asthma, rheumat&id arthritis, inflammatory bowel

di sease, cancer, and all infectious diseases. As an exanple of validation
by linking with another nodel, the adaptive inmune response nodel can pe
val i dated t hrough incorporation in a disease nodel of allergic asthna.
Under chronic conditions, the adaptive inmune response nodel can, for
exanpl e,

APPENDIX FIG. A-1
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10 provide the proper stimuli to produce known reference patter &l iJAN 2005
ast hmatic patlents including elevated IgE | evels, partial degranul ation of
mast cells, airwX¥003R98¥r r esponsi veness, and el evat ed | evel sSPEFUMYRWGRE nes
associated with a Th2 adaptive immune response. The nodel can al so
reproduce appropriate reference patterns of patient responses to bolus
doses of antigen, including conprom sed airway function and el evated 15
cell and chenical nediator levels in the airways. Cory i
modul e-specific reference patterns nmeasured in in viy
studies, as well as reference patterns of clinical ou
incorporated within a full disease nodel, provides vc'
conput er nodel. The mathenatical nodel of an adapti .
be considered a valid nodel i) L

obtained is substantially coRgf [} th a correspond®ng Bi ol ogi ca
attribute obtained froma cé ¥t whol e ani mal nodel of an adaptive

i mmune response. As the under § i of the adaptive i mune response, and
t he di seases associ ated wi g AdRpiLWe i mmune response, evolve in the
art, the responses agalnsn ‘ ) &dl is validated can be nodified.
25 Wil e various enbodlnen’ ‘ vent i on havef:psén Ydescri bed above, it
shoul d be wunderstood that thes ‘ been present et pyitjay of exanple only,
and not limtation.. Thus, the h and scope of {t h& present invention
should not be Iimted by any of above-descri bed egpodi nent's, but
shoul d be defined only in accédarte’ with the fol | ellfids) clainms and their
equi val ents. 30 The previous description of the enRadiiignts is provided to
enabl e any person skilled in the art to make or use the invention. Wile
the invention has been particularly shown and described with reference to
enbodi ments thereof, it will be understood by those skgNed in the art
t hat vari ous changes in formand details may b made ti n wWthout 44%2 7
JAN 2006 WD 03/001891 PCT/ US02/ 20672 ]
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departing fromthe spirit and scope of the invention. For exanpl €2 7alahQ@epgh
a certain enbodi nent of a conputer systemis descri bed above, other

enbodi ments are possible. Such conputer system enbodi nents can be, for
exanple, a networked or distributed conputer system 5 45 2 7 JAN 2006 WO
03/001891 PCT/ UsOspQ&I2 46 2 7 JAN 2006 WO 03/001891 PCT/ SO0 26722 27.
JAN 2006 WD 03/001891 PCT/ US02/ 20672 48 2 7 JAN 2006 WD 03/001891
PCT/ US02/ 20672 2 7 JAN 2006 WD 03/001891 PCT/ US02/ 20672 50 2 7 JAN 2

03/001891 PCT/ US02/ 20672 52 A~J A 2006 MO B3
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PCT/ US02/ 20672 52 2 7 JAN 2006 WO 03/001891 . ~<WJ02~./~66q PCT/ UggZUX@ggu%
53 2 7 JAN 2006 WO 03/001891 C 0 a) v 0O PCT/US02/20672 54 WO 03/001 C

N C 0 .17 JAD EnwessdPCT/ US02/ 20672 55 2 7 JAN 2006 WO 03/ 00¢89%02/20672
PCTI US02/ 20672 Q)
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a) C 0 Q U (3) ry PCI/us02/20672 Q 5 EO a) >N tBE 70 Q(U)]Al@bws
ki 7 JAN WD 03/001891 PCT/ US02/ 20672 62 2 7 JAN 2006 What is clainmed is: 1.
A nmethod for deW @@ a conputer nodel of an adaptive i MUPET/USBIRBNSE,
conprising: 5 identifying data relating to a biological state of the
adaptive i mmune response; identifying a plurality of biological processes
related to the data, the plurality of

APPENDIX FIG. A-16
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bi ol ogi cal processes defining at | east one portion of the biol ogical Bt PN 0
of the adaptive immune response in the context of a peripheral tissue

envi ronnment afP e/Pispiohoi d ti ssue environnment, a first bPET/EYREI2 process
fromthe plurality of biological processes being 1 o associated with

regul ated recruitnment of bl ood dendritic cells and bl ood nonocytes into

the peripheral tissue environnent; and conbining the plurality of

bi ol ogi cal processes to I:BnL-_sinu ati gg of the biological state of the

adaptive inmmune response.f st .o of clai mly fa rei n the

bi ol ogi cal state of the pt{Ve i iffynd¥ response i 1Y BHPI ogi cal state of
an acute response. 3. The jnet hod of claim1, mhereirlﬁbui”-iological state
of the adaptive inmmune respopnse is a biological stag/pk a chronic
response. 20 4. The nethod off claim1, wherein the 'n;sfgﬁyty of bi ol ogi cal
processes are conbined soj that the peripheral tissigyeRilronment is
nodel ed with preferential |recruitnment of the bl ood degdtgtic cells over

t he bl ood nonocytes. 25 5. a second
bi ol ogi cal process fromthge plurality of biological QCESSes IS
vari abl e that represent
¢ sel ect ed j;rom
goni sts. 7g The

associated with a biologic
6. The nethod of claimb5, erein the therapeutic agang
R-agoni.st, and | eukotrie a H
onprising: 63 2 7 JAN 20486 oducing a X
hut e associated with the bhigposdigal state 8f the

the group 30 of steroids,
nmparing the sinul ated biE idal attribulle with

nmet hod of claim 11, further
si nmul ated bi ol ogical attri
g 5]
attribute in a referenca®p iﬁrn of the &

708

adapti ve i mmune response;
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5 identifying the conputer nodel as a valid conputer nodel of the aggpyAN Qs
i mune response if the sinulated biological attribute is substantially
consistent with the biological attribute associated with the reference
pattern of the adaptive immune response. 10 8. The nethod of claim1,
wherein theW?lonbiﬁgk ng the plurality of biological processes includes:
formng a f 1S F4H tical relation anong bi ol ogical variabl es associ at ed
with a first biological process fromthe plurality of biological

processes; and form ng a second mat hematical relation anong bi ol ogi cal

vari abl es aksociAtethodifer dévelopiiga éomsittetanodad of emhdqptioe eamuanttsporakogi cal
vari abl es associ ated with a second biological process fromthe plurality
of bi ol ogi ccé’FnP&SB’@esses. 9. The nethod of claim8, further conprising:
creating a set QqHefayiaBdafal rélafR@AEBioldgidalRaikiof fle MBPHEBhER] reffngd;i on and
the 20 second mathenatical relation; and producing a sinulated biological
attribute based identdyingepluralityef|bialogieal precessshaglated to thmdatagthelurelity of

parametric S§ t i ol ogi.cal attribute bein substantial ly
ono st ent GDReabrpletfs Usfdiabfea POl qrfie LoBEAL AF s ng iRl

ref erence painheenegonsdia theloqitéxt of h FetistRrdl eisaRE@iromhent And ANEmpRSid Gidsuef
claim8, further conprising: .converting a first biological variable into a

converted Rnyireynend; a fiest b1 'CaéPYP&P’E?effOIBﬁhWP@Ht)t?féﬁ@}ggicél\mquF%ézeiﬂghe

first bjsol agi ' Wale ' | 4t .1 he
R R L A
produci ng aheperipherabtissierenyimorederttj avidogi cal attri butes based on the

converted biol ogical. vari abl the series of simylated bjol ogical
attributes bei n9°%§&’6%‘f‘%ﬂleﬂg¥_“la ty @&H@P@P@lrﬂm‘ﬁﬁ% tgy‘%%’rar%@b‘ nRgtheeri es of
bi ol ogi cal RélbichIkAS PR AR ImMUNB réspbRieer ence 64

15 2. The method of claim 1, wherein the biological state of the adaptive immune

response is a biological state of an acute response.

3. The method of claim 1, wherein the biological state of the adaptive immune

response is a biological state of a chronic response.

20
4. The method of claim 1, wherein the plurality of biological processes are
combined so that the peripheral tissue environment is modeled with preferential
recruitment of the blood dendritic cells over the blood monocytes.

25 5. The method of claim 1, wherein a second biological process from the plurality of

biological processes is associated with a biological variable that represents a therapeutic

agent.

6. The method of claim 5, wherein the therapeutic agent is selected from the group

30  of steroids, B-agonist, and leukotriene antagonists.

7. The method of claim 1, further comprising:
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2 7 JAN 2006 pattern of the adaptive inmune response, the series of27 JAN 2006
sinmul ated biological attributes representing the chronol ogi cal progression
of the biological state of the adaptive i mmune response. 5 11. The net hod
of claim@8, further conprising: converting a paraneter into a new

bi ol ogi cal variable a value_ of_ which changes over tine, the paraneter

bei ng associ at ecdrofucne:a simulpied Riplogicabatiritve assocatedutithdhmbiological ptateti on
and the se ' ation; and producing a series of sinmulated
bi ol ogi cal qﬁ??‘%ﬁ&?g@gg?&p‘%ﬁh he new bi ol ogi cal 10 variable, the series
of simul at ed bi aloagiariag tletsimulateddsolbgicalgitisibbetvaith a adrkespomding biokoglical t h a
correspondi ng. ser.i es trjbuytes associated with a reference

q(‘gf bi ol o icgl aé

pattern of AHEUCIRZFEITRCE O} e JHFRIYS TN §75paRseoAnds | at ed

bi ol ogi gal at t ri;jhefiFPink MY GHGtkdrBodel8s a CAICRRMAMIGRIdPELBEGINRR Of the
bi ol ogi cal state of the adaptive imune response. 15 12. A conputer nodel
of an adaptimpeunerayponse i€ Seoimulateddngipgisalagtributede substaggallneonsistent with the

conpart ment,s,, wher ei n first co rt nent include bi ol 0ogi.cal processes
related to bé“B%‘F?‘p"‘E{éﬂbé{fe %Sf%céﬂ%&é’ﬂgi{ﬁ?e %%é?ﬂceé’ﬁ%ﬁergé’ig}%ad% A i ncl udes
bi ol ogi cal pspeassses related to a |ynphoid tissue environnent; code to
define a set of biological processes related to a biological state of the
20 adaptive imune response in the context of the peripheral tissue

envi rongente and Ld ti Vi [P ol ogj cal

proces slr61?r 08r'n t heﬁ{séépethéwgf]%lfugbli ’c‘gﬁ&ag ﬁ}gecéeogng@gﬁgté?en@ Jfglégéﬁ @%@5%\% th

regul at ed rpeocessesimsliidesf bl ood dendritic cells and bl ood nonocytes into

t he peripheral tjssue epnvironment; and code tq,define a set of .nathemati cal
rel ationships r e’tjpa?@a aifysy rﬂ%tgwa%tﬁabFﬁéatmngggociagleﬁld@r%lﬁs gprigled egth

associ at ed pthhibRsiSe ' [ als ipation of the code
to define th(la selt fb%% b rgl {:)Sgsilh::a 9% océlé eog%g(ﬁ?iﬁ?ﬂﬁ%% e ’tdgladefi ne the set of
mat hemat i cal r elfatmhingsisegmddedthematipahreditionlaatongbidbgitdlevabinblenagsocibtedt at e of

the adalr%t ' Vith {hrgﬁ%&ebicglggi%glnpsrgéess and biological variables associated with a second

biological process from the plurality of biological processes.

9. The method of claim 8, further comprising;:
creating a set of parametric changes in the first mathematical relation and the
20  second mathematical relation; and
producing a simulated biological attribute based on at least one parametric
change from the set of parametric changes, the simulated biological attribute being
substantially consistent with at least one biological attribute associated with a reference

pattern of the adaptive immune response.

25
10.  The method of claim 8, further comprising:
converting a first biological variable into a converted biological variable a value
of which changes over time, the first biological variable being associated with at least
one from the first mathematical relation and the second mathematical relation; and
30 producing a series of simulated biological attributes based on the converted

biological variable, the series of simulated biological attributes being substantially

consistent with a corresponding series of biological attributes associated with a reference
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30 13. The conputer model of claim 12, wherein the set of biologicgly JAN 2006
processes are conbined so that the peripheral tissue environnent Is

nodel ed with preferential recruitnment of the blood dendritic cells over

t he bl ood nonocytes. 65 2 7 JAN 2006 14. The conputer nodel oflcl aim 12,
wherein a second bjol ogi.cal process fromthe set of biological processes

i s associ atR&HCTH qfﬁh%la%%avwmgane TPEPNSH)| the saxies of aiprudatedibiglogical plaibytesut i c )
agent. 51 | ' : i S t he
code, o sieRaruRemR I endTBtIe pRlerfis it e viBlaBleal BT HEEN e
produced, trgponsg.mul ated bi ol ogi cal attribute being substantially
consistent with at | east one biological attribute associated with a
reference pattern of the adaptive inmune response. 10 16. The conputer
nodel ofs cl@gi m Ipghe glahg@gfclgm’rfuﬁhaggonﬁﬁgglggo define a first _
conpartnentrelated to the peripheral tissue environment, and code to define
a second conpar ta9arertiag aparanetertinto al nemphiological ewiablesnvalvoohimeith cifmgey. The

conmput er np of elaiml wher ei n. econd bi ol ogi ¢ rocess fromthe
et of bi orist o8 G Bkl bR SRR A et Pug o e iR SRR or ¢ ne
bl ood dendrrelation at®theSe@nd rhdiRerRdtRAlrelmidacatides between the first and second

conpartnents. 20 18. A conputer, executabl e software code, conprising: code
to define a pl urkipducings sesics phgjmuatedibiglogicabattritartesthaged on the pewibigjogigal st at e

of an  gdapfk¥le! MBS FSRANEEA bItd el Wributes being substantially consistent with a

corresponding series of biological attributes associated with a reference pattern of the

adaptive immune response, the series of simulated biological attributes representing the

chronological progression of the biological state of the adaptive immune response.

15 12. A computer model of an adaptive immune response, comprising:
code to define two compartments, wherein a first compartment includes
biological processes related to a peripheral tissue environment and second compartment
includes biological processes related to a lymphoid tissue environment;
code to define a set of biological processes related to a biological state of the
20  adaptive immune response in the context of the peripheral tissue environment and the
lymphoid tissue environment, a first biological process from the set of biological
processes being associated with regulated recruitment of blood dendritic cells and blood
monocytes into the peripheral tissue environment; and
code to define a set of mathematical relationships related to interactions among
25  biological variables associated with the set of biological processes, a combination of the
code to define the set of biological processes and the code to define the set of
mathematical relationships defining a simulation of the biological state of the adaptive

immune response.

30 13.  The computer model of claim 12, wherein the set of biological processes are
combined so that the peripheral tissue environment is modeled with preferential

recruitment of the blood dendritic cells over the blood monocytes.
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code to define a first set of mathematical relations associ ated 't7h AN 2006
first set of 25 biological processes fromthe plurality of biol \(,)\3' Cg|
processes and associated with interactions anong biol ogical variables
associated with the first set of biological processes, the first set of
bi ol ogi cal processes being associated wth recruitnment, nmaturation, and
antigen processing of antigen-presenting cells in a peripheral tissue

envi ronmenty4 an 0) %39‘35 i foo 0 tical ~relations
associ at ed m't hdgl%sceoc n rse(f&?é#aglflg}%gls}%g%n%s%%og’gsbggggg (rgo RaiE %P?}rt fi ty of
bi ol ogi cal set oflsislgiabprdcasssis assoerdtediwith a biolapiad Vardible aDRErebéms #9i cal

vari abl es sociated wwth the second set of biological 66 27 JAN 20
processes, PHEPEREAANset of bi ol ogi cal processes being associ ated with
recruitnent, expansion, and differentiation of T |ynphocytes in a |ynphoid
ti ssue environment. 19. The conputer executable software code of claim 18,
wher ei n at 1eastThewemmitdsinpddelpelhinpt 2 odwsein upon exeeutfion sfths eddeph bi ol ogi cal

processes i s _a i.ated wWith recryit t of blood dendritic cells and bl ood
nonocyt e | nst‘lgufaﬁegjcbdgwlﬁﬁleﬁllbuh é’éﬁ’@ aqE%ﬂWeHB‘HHB’ﬁF?Sp%S.e lfrHEdBB?PEmeer

execut abl e sighlawrolegidel fribateteinglshbstdhPIRi ddnkiS@nidhith & b4y of bibBgical

bi ol ogi cal processes are conbined so that the peripheral tissue environnment

i s nodel ed atigibute aspeciatedyith gireferance pattesm of B adepdivislimovindeesponsei ¢ cel | s over
the bl ogd nonocytes. 21. The conputer executable software code of claim 18,
wherein at | east one biological process fromthe plurality of biological
processes K. assHa angmitatichddebof dsinbi nfodha @bmpesingbl e that is a
t herapeutic agent. 22. The gconputer executable software code of claim18,
further conpri sifge Retfireafinseonrpstmentrglatedda theeripheral tissue pryironment,
representatj,gn froma set of predefined |ink representations, each
predefined link representation in the set of predefined |link 20
repr esent at i ons dode tydefinecqeetyndosmyeirtateatielaietitio thertptnipboid ttissuad envigbademn f r om
the fir gt set
17. The computer model of claim 16, wherein a second biological process from the
set of biological processes is associated with regulated trafficking of the blood dendritic
cells and the blood monocytes
between the first and second compartments.
20
18. A computer executable software code, comprising:
code to define a plurality of biological processes related to a biological state of an
adaptive immune response including:
code to define a first set of mathematical relations associated with a first set of
25  biological processes from the plurality of biological processes and associated with
interactions among biological variables associated with the first set of biological
processes, the first set of biological processes being associated with recruitment,
maturation, and antigen processing of antigen-presenting cells in a peripheral tissue
environment, and
30 code to define a second set of mathematical relations associated with a second set
of biological processes from the plurality of biological processes and associated with

interactions among biological variables associated with the second set of biological
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of mathematical relations and the second set of mathenatical rel iltll QAN 2006 he
user-selected Ilink representation being associated with the
interrelationship between a first biological variable and a second _

bi ol ogi cal variable, a first link representation fromthe set of predefined

link representations being a 25 representation of the first biological
vari abl 6 heRFPHGSEn i sFeR seirpftaelogilgmecesies bsigaatociajed wibrasruineécond | i nk
repr esent aty : . ' b _ heing a
Fapr csont at o age And BT aialon B E SEhbESiek 1S OREARL bR,
converted to instances of the second biological variable. 30 23. The

conmput er exgcutapl e software e qgf clai 8, .further conprising: 67 2 7
JAN 2006 colls tgﬂﬁ’e Fute; ef‘?‘i"g{i’?“c%’&\‘? ﬁ%‘{ao,]fciaﬁ’é‘ : PEEreg, &t Pt

i ncl udi g tHi6logichBiro8dt froff thRifidt QB 6FbioRERALHDESses iRASEOERHA With define a
second conpartnent, the second conpartnent including the second set of
bi ol ogi cal TeeEEESEE blepddendritie cellsrndthéoodenensytebinto tefpeviphaalciedes of cl ai m
23, wherei Rhrohfidgt one bi ol ogi cal process fromthe plurality of

bi ol ogi cal processes is associated with trafficking of the

antigen-presenting cells and the T | ynphocytes between the first and second
conpartnents. 10 _25. A nethod for devel opi ng% a conput er nodel of an

adapt i ve i Mfune Theosmuiter exeeutable saftwpre pedecaliviaig 19, pheiein the plusality of
user - sejpect bLighi | | Y| £ hi i.cal,. pr ses,
each bieﬂc()) I ogt?glgFﬁglrlggéeés? g&?af %%O@ﬁgé&pgou@g%%l ? Qljééﬁe\éﬁﬂ g’lssc')g i eglgﬁg%rp%éss glé) gglg I ng
based with preferential recruitment of the blood dendritic cells over the blood monocytes.

21.  The computer executable software code of claim 18, wherein at least one
biological process from the plurality of biological processes is associated with a

15 biological variable that is a therapeutic agent.

22.  The computer executable software code of claim 18, further comprising:
code to receive a user selection of a link representation from a set of predefined
link representations, each predefined link representation in the set of predefined link
20  representations being uniquely associated with a mathematical relation from the first set
of mathematical relations and the second set of mathematical relations, the user-selected
link representation being associated with the interrelationship between a first biological
variable and a second biological variable,
a first link representation from the set of predefined link representations being a
25 representation of the first biological variable having an effect on the second biological
variable,
a second link representation from the set of predefined link representations being
a representation of instances of the first biological variable being converted to instances
of the second biological variable.
30

23.  The computer executable software code of claim 18, further comprising:
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15 on data that relates changes in a biological state of the adap@2ndAN 2006
I mmune response to biological attributes of a reference pattern of the
adaptive inmune response, a first set of biological processes fromthe
plurality of biological processes being associated with recruit rrentl,

mat uration, and antigen_processing of dendrjtic cells in a periphera
tissue environngde o ge t cemppagiment.dhe dirstLompaimenisiagluding the fiest set

plurality offihigbigi . cesses being associated with recruitnent,
expansi on, anggblg?f?le@génetslgéagt’%ﬁ of T Iynphocytes in a |ynphoid tissue

envi ronment ; pr oehdeitndefnesi senbmt eonpirmengithasecand compirends dwbidiigtewi t h at
| east one bi ol ogi at. ttribute of the reference pattern of the adaptive

i mune resp%ﬁ%‘gpﬁfgg I&IO%ICPL@OC%%i ned plurality of biology processes; and
25 assessing validity of the conputer nodel based on a conpari son between
the sinulated biological attribute and a correspondi ng biol ogi cal
attribute associted Whadompwer exegusabie saftware cedenfalaimis, adersin stdedstmumne

response. : f. an,adaptive immne response. .c Lising:
50" 8 comput PIoBisAERTRIS bromy e PR By 38 bRAGHA Piocs SR Rt S B
processes refltht axtigen-presohtngdells ahd tedll Bnifhocytbs bethadeh thefilsfaRdRcsREPONSE, A
first biological process fromthe set of 68 2 7 JAN 2006 bi ol ogi cal

processes DEMRIEEHei ated with a biological variable that is a
therapeytic agent; code to define a first conpartnment related to the

peri pheral tissue environment and a second conpartnent-related to the

| ynphoi d tiZsue A nethod fondevelopisg s eenputehmod« @f anbdgptive dasmuhe esspbie, set  of
bi ol ogi cal processes being associated with regulated trafficking of blood
dendritic cOMESHEY bl ood nonocytes between the first and second

conpart ments; andedieig alfurdily oT®isé-2RctellindBARATRS d&fle o SHhilityoS11b1Bical
related to interactions anong
processes, each biological process from the plurality of biological processes being based
15 on data that relates changes in a biological state of the adaptive immune response to
biological attributes of a reference pattern of the adaptive immune response, a first set of
biological processes from the plurality of biological processes being associated with
recruitment, maturation, and antigen processing of dendritic cells in a peripheral tissue
environment, a second set of biological processes from the plurality of biological
20 processes being associated with recruitment, expansion, and differentiation of T
lymphocytes in a lymphoid tissue environment;
producing a simulated biological attribute associated with at least one biological
attribute of the reference pattern of the adaptive immune response based on the
combined plurality of biology processes; and
25 assessing validity of the computer model based on a comparison between the
simulated biological attribute and a corresponding biological attribute associated with the

reference pattern of the adaptive immune response.

26. A computer system of an adaptive immune response, comprising:
30 a computer-readable memory storing:
code to define a set of biological processes related to a biological state of

the adaptive immune response, a first biological process from the set of
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bi ol ogi cal variables associated with the biological processes, a 3 JA
conbi nation of the code 10 to define the set of biol ogical proces Js a'Hc?mG
the code to define the set of nathematical relationships defining a

simul ati on of the adaptive i mune response in the cont exéI of a peripheral
tissue environnment and a | hoid tissue environment; and a processor

coupl ed to the cl?iﬂ%ﬁ{cékprpﬁ%g%the@grﬁémﬂ%ﬁ?d wib apiJegisalofaripllie dpt ivonf i gured to
execute the COdecﬁeraééjti%% enine computer system of claim 26, wherein

t her apeuti c agent i gct éd fromthe group of steroi ds, (3-agonists, and
| eukot ri ene ant agoni sdtodle t@8efinthefirsrompaetimeny seled 0fthe paipher tissdeer ei n upon

' f th de, 0 sinmul ated biological attribute for the
Sdapti ve. | nmune PEUBGHER 0 AseescOUPALMET- ST Wb EIROPLGIEE artri but o
bei ng sybst ant i alnkitofas $5&0Bhd Bloldpidi pf(ﬁ:@s%tfacﬁfgﬂle@epbf)ﬂbﬁ)glcﬁg]g%rzésgé’st e

associated with a reference pattern of the adaptive I mune onse. 29. A
met hod for develbsiigasseniatedwithregidatedrraificking ol blandalendritic ¢etirane bloedponse,

25 conprising: i tifying data Lel ating to a biological state of the
adapti ve i mmune Ig(glgoﬁg{n%é?&eleag}ﬁfi&ls{ﬂ“ﬁgse c_’“é‘l“l?%mngfa‘ld ol ogi cal processes
related to the dadato ddfthepl sof 6ff hitheiRhticalidAtRASEBS raditRERSARFacHBhd AthHT at

| east one portion of the biological state of the adaptive |nmune response,

a first bi Qlogeical vagiableaassogiptsehvrithethp biplegi¢al prasesses,al wgibindtioprofteswds 30

[ | ' : . ' l,ect fromth oup..of
orer o a5, (4 efhe el dF tdlH Bt debeeR AT IneRBUE R K et BEm IR R R 00
conbi ni ng trhlatiphshipsldefiyingfa shholadgn ofihe pdgtiae IMeune réspomsedn tiy@nixk 684 nodel

of the adapt.iyve jmmune response in the context of a peripheral tissue _
envi ronnent egﬁherﬁll thSW&OBQFP%%@@ lympheigriseys envigonmentyard net hod of cl ai m

29, wherein a seqRBeksRirQofpled & the'cBmBaRr-tdaATbIE Renril B bfotessor being
configured to execute the codes.
15
27.  The computer system of claim 26, wherein therapeutic agent is selected from the

group of steroids, B-agonists, and leukotriene antagonists.

28.  The computer system of claim 26, wherein upon execution of the code, a
20  simulated biological attribute for the adaptive immune response is produced, the
simulated biological attribute being substantially consistent with at least one biological

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

29. A method for developing an analytical model of an adaptive immune response,
25  comprising:
identifying data relating to a biological state of the adaptive immune response;
identifying a plurality of biological processes related to the data, the plurality of
biological processes defining at least one portion of the biological state of the adaptive
immune response, a first biological process from the plurality of biological processes
30 being associated with a therapeutic agent selected from the group of steroids, f-agonists,

and leukotriene antagonists; and

69



of biological processes is associated with regul ated recruitnent (f7 AR oo
dendritic cells and bl ood nonocytes into the peripheral tissue
environnment. 31. The nethod of claim 30, wherein the plurality of

bi ol ogi cal processes are 1o conbined so that the peripheral tissue
environnent is nodeled with preferential recruitnent of the blood
dendritic cells coubiningtheqlwglityrasihielggisal prosessevite forpt ananabyticall modal 26the

wher ei n t he,4hi ' f ' ' response ig.a

b1 ol ogi cal dpbieinile b Hnd MinBAPH bl e OB Al 0

wher ei n t hdyiphoidgisosl ensiratmentf t he adaptive i nmune response is a

bi ol ogi cal state of a chronic response. 34. The nethod of claim?29, further
conprising: 20 producing an anal ytical representation of a biol ogical
attributse asoCi PeGHetibd Br &ifieh 2R dRREdN S 4 PhoEe | afilye

anal ytical repr es.ent%ti on of the’q@}%o‘%logai (?a at ?{Olggjgtgr%\%stshl%gpa% rlrgé ondi ng
bi ol ogi cal dibiolpgicalerocesses isdssocated withtregiatedfectuitment ap hlood dendnitiecells
response; an 5 jddentifvi t he anal ytical nodel as a valid nodel of the
adaptive i r‘?ﬁar]i’ﬁo‘)drlggrboc%&é "?qg tl}e%erlgﬁgrlai//tﬁsggpn\pm%m ation of the

bi ol ogical attribute is substantially consistent with the biol ogical
attribute associated with the reference pattern of the adaptive immune

response. 3035 Therpethed plrlaist 3¢ vdiersin the phiratiti of bidlegicalmypedssag arhe

pl ural ity I i,cal Lnel. .40 2 2006 formng a
PLrCE o, Yorbhtdd the BErBHERF ASue 8 Vo‘§°g’§‘§ﬁm bapfacladath SEedlT 00 0
first biol agiraamemrafcksblobd dendritie cpllsiowr ithe/blodd Rioabs@dscal processes; and

form ng a second nmat hemati cal rel ation anong biol ogi cal variabl es
associ at ed

32.  The method of claim 29, wherein the biological state of the adaptive immune

response is a biological state of an acute response.

15
33. The method of claim 29, wherein the biological state of the adaptive immune
response is a biological state of a chronic response.
34, The method of claim 29, further comprising:

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

comparing the analytical representation of the biological attribute with a

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

25 identifying the analytical model as a valid model of the adaptive immune

response if the analytical representation of the biological attribute is substantially
consistent with the biological attribute associated with the reference pattern of the

adaptive immune response.

30 35.  The method of claim 29, wherein the combining the plurality of biological

processes includes:
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with the first biological process and biological variables associ étcEd 2t(]5]6
a second 5 biological process fromthe plurality of biological pr .7es’ st
36. A nethod for devel oping a conputer nodel of an antigen-presenting cell,
conprising: identifying a plurality of biological processes rel at eddt]?_ t he
anti gen-presenti .10 cell, the plurality of hiological processes defining
at | gast IOone porngrBWg&ffgrPHBamﬁ‘Pétl‘iﬁ relafton amangduelogic ‘é‘ﬁ@bh@aﬁﬁéﬁlﬂtleﬁmllﬁh f
adaptive i JHREDL ' Ft]),!“,g | o] the plurality o
bi ol ogi cal pr ogtélgg%g& gglﬁﬁgggsds{%g{e te il%%tf%%e{o@{:@ﬁ)g(?%ﬁ{e%’a&dr esponse of
| ynphocytes to dormimgiagecordanatticrnatiaal raldtionainiongdiolsgiailevacibblefigssociated

and 15 c the plurali of bi ol ogi cal

ti - ' ell:. nbj ni n ty |
orocesses. B0 B Eeingicaliioress i Helogial ralassesdtyite apteond { ho
cont ext sof BibiegRaAIRRbEME fTofMB BlurfIRp O BRlogidal pidesssa®t hod of claim 36,
wherein a second biological process fromthe plurality of biological

processes is associated with a biological variable that is a therapeutic

agent. 20 . Th | m 36 erein the antigen-presenting cell
ig a dendr ?jl%i'c clgl | @%r%vgfé@g{r%%o%glﬂ%xg? lgngm &8 es’teﬁtén%%etlnn]d_rltlc cel |
s a nyel oicdnopeisthpt tic cell. 25 40. The nethod of claim 36, wherein a

second bi ol ogical process fromthe plurality of biological processes is
associ at ed wi t h 16entifEing amlyrglity of binlegiea! peocehses related i the gatiganapriesentingnd

medi at ofy PrRAUGE ipﬁﬂalﬁg' of Bﬁ)l@gri]éail 9%6&%?3&‘%1&@9( 15k bne }Zolrtion of the role of the
antigen-presenting cell in an adaptive immune response, a first biological process from
the plurality of biological processes being associated with a differential response of
lymphocytes to an antigen based on a maturational state of the antigen-presenting cell;
and
15 combining the plurality of biological processes to form a simulation of the

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

37.  The method of claim 36, wherein a second biological process from the plurality

of biological processes is associated with a biological variable that is a therapeutic agent.
20

38.  The method of claim 36, wherein the antigen-presenting cell is a dendritic cell.
39.  The method of claim 38, wherein the dendritic cell is a myeloid dendritic cell.
25 40.  The method of claim 36, wherein a second biological process from the plurality

of biological processes is associated with one of antigen processing, migration,

maturation, and mediator production of the antigen-presenting cell.
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