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While collecting information about multiple aspects of pharmacologic activity is
useful because it provides a more complete analysis of the compound, it also makes the
data analysis more difficult, because multiple parameters must be considered.
Developments in computing technologies can provide solutions, but must be tied into the

30 matrix of biological information.

In addition, cellular physiology involves multiple pathways, where pathways split and
join, redundancies in performing specific actions and responding to a change in one
pathway by modifying the activity of a different pathway. In order to understand how a
candidate drug is acting and whether it will have the desired effect, it is necessafy to know,

35 not only the target protein with which the drug reacts, but whether the inhibition of the
protein activity will result in the desired response. The development of screening assays
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Proteomics techniques have potential for application to pharmaceutical drug
screening. These methods require technically complex analysis and comparison of high
resolution two-dimensional gels or other separation methods, often followed by mass

35  spectrometry (for reviews see Hatzimanikatis et al. (1999) Biotechnol Prog 15(3):312-8;

Blackstock et al. (1999) Trends Biotechnol 17(3):121-7. A discussion of the uses of
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25 and expense, as well as compensatory mechanisms, redundancies, pleiotropic genetic

effects, and the lethality of certain mutations.

Another approach for discovering the function of genes utilizes gene chips or
microarrays. DNA sequences representing all the genes in an organism can be placed on
miniature solid supports and used as hybridization substrates to quantitate the expression

30 of all the genes represented in a complex mRNA sample, and assess the effect of a
perturbation on gene expression. Methods utilizing genetic sequence microarrays can be
applied to pharmaceutical target validation. In these methods, genetic modifications are
evaluated for their effects on the expression of particular genes. A few examples include
U.S. Patent no. 6,013,437; Luria et al., “Method for identifying translationally regulated

35 genes”;. U.S. patent no. 6,004,755, Wang, “Quantitative microarray hybridization assays”;
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BRIEF DESCRIPTION OF THE DRAWINGS
35 Figure 1. Assay combinations for screening inflammatory modulators. A.
Expression of selected readout parameters on selected assay combinations of HUVEC
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Figure 2. Assay combinations for screening inflammatofy modulators. Confluent

30 cultures of HU VEC cells were treated with combinations of TNF-a (5 ng/ml), IFN-y (200
ng/ml) and IL-1 (1 ng/ml) or base media. After 24 hours, cultures were washed and
evaluated for the presence of ICAM-1 (1), VCAM-1 (2), E-selectin (3), IL-8 (4), CD31 (5),
HLA-DR (8) and MIG (7) by cell-based ELISA performed as described in Figure 1. A. The
relative expression level of each parameter is shown along the y-axis as average value of

35 the OD measured at 450 nm of triplicate samples. B. A color-coded representation of the

data shown in A. For each parameter and assay combination, the square is colored light
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| evel measured in the first assay conbination). C. A tree diagram
representation of the biomaps prepared fromdata shown in A and B.
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is'?(r:(r)ﬁglsgdi gzrzgg%g%t%igﬁ%t ofé‘ﬁéﬁtﬁa};hﬂg'a%ﬁ;rt‘?\?h% |n I"cat es tw ar arreter
measur eneparamstend drethet |eﬂarnjmtczmasda)( corQIﬂ%tinmt corﬁa]mhg tlhﬂea(factprsdalleat'EN F-tod‘tat
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( NHGA) andggm roli dﬁle di t hi ocaKEamt e EPDTC MAP ki nase i nhi bitor
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| FN-y). Confluent cultur were treated with T

ngi )+ TR (@007 bY cell Prsseb BLiSy PATETIR Eh GeB IS E'aH db b
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color-coded representation of biomaps prepared from the data shown in A. For each
parameter and assay combination, the square is colored light gray if the parameter
measurement is unchanged (<20% above or below the measurement in the first assay
30 combination (IL-1+ TNF-a + IFN-y) or p > 0.05, n=3); white/gray hatched indicates that the
parameter measurement is moderately increased (>20% but <560%); white indicates the
parameter measurement is strongly increased (>50%); black/gray hatched indicates that the
parameter measurement is moderated decreased (> 20% but <50%); black indicates that
the parameter measurement is strongly decreased (>50% less than the level measured in
35 the first assay combination).



surface expression of ICAM1 (1), VCAM1 (2), E-selectin (3), I1L-8 (4),
CD31 (5), HLA-DR 10 (6) and MG (7) by cell-based ELI SA perforned as
descri bedwigyifsgwse 1. A col or-coded representation of theiwiep®o
prepared fromthe data is shown. For each parameter and assay conbinati on,

the square is Fi@hfy&dAlarﬂm Eiftéot o'fNFkB%fﬂﬁfo?é‘ﬁér@fhyH%ﬁHé%%hd‘ NHGK)Cé?ﬂnged
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3_r ?Pc hes meaf)urementtuesmmw mpaa‘atsed (>5094) Usiatidgran bafened rrﬁlfdafésttﬁ%ttth@p@mh@fér %
i fference _between.the att re.t stered together. e
1 gure || PERRFETES! i arcerale, diedRar (1 00 e TAPG HERCINIoRrs ogh e
t r eat ment paraindter nsea“sgfem@lﬂutgstrdhgwédr@sed (5’50%)|éh‘s/ A& {3 e T MddSUddd0 HLHe
experi rreft and thgse e)sulti ng frommltiple drugs that target the sane
si gnal i ng™{RSSARGYTPRAIOMe 5. Effect of neutralizing anti-TNF-a antibody or
NFKB 20nhi bi tors AA861 and 5 nordi hydroguai aretic acid (NHGA) on readout
atterns in rTU.tI Ie ass I nation anu nt cultures of HUEC, cells
\a/er e treated Fé’eﬂg%c)omgogﬂﬁ% c('bcglbe rf& qfgryce Ir?ac{%‘% (PBUSE) ) e he
conbi nati |ﬁﬂarﬁﬁ1aw~a§sdy b&hbmatldri_cdntalﬁuhgm@eaactarst (fIIQ1PTNE%CIEN% @b‘hﬂﬂ@rﬁ of
5 g/mM neutrali zi anti-TNF-a (R&D S stem;)
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expr essi Orﬁg?/ﬁuﬁ) ih W/Eﬂeséﬁée orlQbeéﬁeMoi cbripourtesSst Rfehtsad Rted In-Tabld 4) AfRPSaM G
(5) bg/ cell-based | SA perfornmed as
5 hours, cultures were washed and evaluated for the cell surface expression of parameters of

ICAM-1, VCAM-1, E-selectin, IL-8, CD31, HLA-DR and MIG by cell-based ELISA performed
as described in Figure 1. The resulting biomaps were compared (Table 1) and analyzed by

hierarchical clustering. Biomap relationships are visualized by a tree diagram in which a)
each terminal branch point represents the biomap prepared from the indicated assay
30 combination; b) the length of the vertical distance from the upper horizontal line (no change
and control patterns) to the termini are related to the extent of difference in the readout
pattern from the reference pattern (IL-1+TNF-a+ IFN-y); and c) the distance along the
branches from one terminal pattern value to another reflects the extent of difference
between them. Similar patterns are thus clustered together. The figure illustrates the
35 reproducibility of patterns resulting from treatment with a single drug in multiple
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described in Figure 1. A color-coded representation of the biomaps prepared
fromthe data is shown, coded as described in Figure 2B. Figure 6. Effect
of a neutwa dids@3anti - TNF-a anti body on readout patterns gagyimshorobe 15
assay conbi nations. Confluent cultures of HUVEC cells were treated with

TNF-a (5 Ainknts, ldrdltHoke N@salting frsin aRbtiMEt drdgs andt Rpget B@akaHRE $iGal
TNF- a- recéa@?or ?)55 (Act - gntl p;% g/rITF1M %s Systerrg?t or medi A&?anm?he

presence M@%sence of neutrali zi ng TNF a antl body (Anti-TNF-a, 5 g/m,
R&D Systens). After 24 hours cultures wer e washed and eval uat ed for the
cell surface expression of CAMl (1), VCAM 1 &?9), E-selectin (3),

(4), and 20 MFRi9Y8)5.nffee af nesalizing argiaT NEwr ey a5 NEsB dnhibjiogs MSF‘ﬂ @nﬂe 1.
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shown, coded as described in Figure 2 wg)ure : fect of soluble
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igure 1 PLS n.of eac s_shown
vaxis oS g iolR A e e e b e TR omips PRl et e O
sanpl es. igkkowmanded asdBscribredrin Figupd 2Bat e sanpl es are shown. * indicates p
< 0.05 conparing results obtained with anti- TNF-a to the control. B.
Confluent cultures of HUVEC cells were treated with TNF-a (5 ng/m), IFNy
(100 ng/m ), Ifigdre(6l Bffgchdf)a néthalizingtinthaNFanantibodiNon aeadoubpatiernd in- n’hultlpie

nmedia 35 in the presence_or. absence of pb5- 50 ng/n, Pharmn Af ter
D held o assay SaPBEStE A SHaB G eser HIBED Gelbatero Sente it I nb/mb,
eval uat ec1L-f10(1 ‘h?ﬁnl):eéﬂ &Wﬁlﬁﬁﬂ%rﬁﬁ@&ﬁ%&ﬁ& ke T@Mr@céﬁtﬁr pymcl—aﬁﬁ)p% Es
selectin (3), | by cel |l -based ELI SA ﬁ)er orned as

descr i beckg/mi, ﬁ&ﬂ:ﬁnst@mS) AT mdmlndb@e@sem@rse@ﬁemq ofheytrakizing DNloraprtibody

d f
Cont 1 uon APETNEES b ReR St AR 22 nodtS AR yqel vids el End Byafsted,
(1 ng/ m )for &re eelt surtecenaxpeessidnoatylCAYAT 1($), CAM-TNE), &E-selectep(3pr CPSD (46 agg/ m,
Ph d j ith 5 / Af t
cul t %es TG 457 HEeiodber Splapaibtingd” ah Sesnped by Hbrthrac &t
| CAM 1 ( Irppresrtstidn (02 )the Biovedpacirepared Jjom @ie8 diaiadis ,shawd, bbded 83 degcribed in
cell - base,gi perfor med as described in Figure 1. A col or-coded

ELI
r epr esent agi's the bi omaps prepared fromthe data is shown, coded as 10
described in Fi gure 2B. Figure 8. Effect of an activating anti body agai nst

combi nat | ons. BRI (et OB SNPRIGEEBE PPET o EreS el sriteh hRes (5
ng/ m2s, |dxidressioh regdout pardnbetdrs(id muiipd assaly kembimatiomsat A.cCordilient cultures of
HUVEC cells were treated with TNF-a (5 ng/ml) + IFN-y (100 ng/mi) + IL-1 (1 ng/ml) in the
presence or absence of p55-Fc (50 ng/ml, Pharmingen). After 24 hours, cultures were
washed and evaluated for the cell surface expression of ICAM-1 (1), VCAM-1 (2), E-selectin
(3), IL-8 (4), CD31 (5), HLA-DR (6) and MIG (7) by cell-based ELISA performed as
30 described in Figure 1. The relative expression of each parameter is shown along the y-axis

as average value of the OD measured at 450 nm of triplicate samples. The mean +/- SD
from triplicate samples are shown. * indicates p < 0.05 comparing results obtained with anti-
TNF-a to the control. B. Confluent cultures of HUVEC cells were treated with TNF-a (5
ng/ml), IFN-y (100 ng/mi), iL-1 (1 ng/ml), the combination of TNF-a + IFN-y+ IL-1, or media
35 in the presence or absence of p55-Fc (50 ng/ml, Pharmingen). After 24 hours, cultures
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15 TNF-a + IFN-y + IL-1, or nedia in the presence or absence of
Act-anti-p55 (Act-anti-p55, 3 g/m, R& Systens). After 24 hours, cultures

wer e washed @ndreyal uated for the cell surface expressi op@iudoghiod (1),
VCAM1 (2), E-selectin (3), IL-8 (4), and MG (5) by cell- based ELISA
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25  After 24 hours, cultures were washed and evaluated for the cell surface expression of
ICAM-1 (1), VCAM-1 (2), E-selectin (3), IL-8 (4), CD31 (5), HLA-DR (6) and MIG (7) by cell-
based ELISA performed as described in Figure 1. The relative expression of each
parameter is shown along the y-axis as average vaiue of the OD measured at 450 nm of
triplicate samples. The mean +/- SD from ftriplicate samples are shown. * indicates p <

30  0.05 comparing results obtained with Act-anti-p55 or Act-anti-p55 + p55-Fc to the Control,
n=3.

Figure 10. Effect of neutralizing antibodies against IL-1 or TNF-a on the expression
of readout parameters in the optimized assay combination of Example 1. Confluent cultures
35 of HUVEC cells were treated with TNF-a. (5 ng/ml) + IFN-y (100 ng/ml) + IL-1 (1 ng/ml) in
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expression of 1CAM1 (1), VCAM1 (2), E-selectin (3), IL-8 (4), CD31 (5),
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decreased (>50% | ess than the | evel neasured in the first assay

conbi nation). 15 Figure 14. Assay conbi nati ons containing HUVEC and T cell
co-cul tures. Koukl 12 nConfluchticeitires of HINAEL wellewenedrdatddlitwedrhbineiibre ofNo-
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performed as described in Figure 1. A color-coded representation of the biomaps prepared
from the data is shown, coded as described in Figure 2B. For each parameter and assay
combination, the square is colored light gray if the parameter measurement is unchanged
(<20% above or below the measurement in the first assay combination (IL-4 + TNF-a + HIS)
30 or p > 0.05 n=3); white/gray hatched indicates that the parameter measurement is
moderately increased (>20% but <50%); white indicates the parameter measurement is
strongly increased (>50%); black/gray hatched indicates that the parameter measurement is
moderated decreased (> 20% but <50%); black indicates that the parameter measurement
is strongly decreased (>50% less than the level measured in the first assay combination).
35
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20 ELI SA performed as described in Figure 1. The relative expression of
each paraneter is shown along the y-axis as average value of the OD
measur ed @io @ald7iopn Figure 15. Schenmatic representation ofpdratgoewrioal
vector constructs (not drawn to scale). LTR Ilong term nal repeat; |RES,
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Fi 1. |

of °1 act ai S oG/ HBEEREACIRABE A E e el RRNKTER dethy bitfiRERnf P

of LDH in culture supernatants from ceIIs treated with TNF-a or ceram de +

TNF- g ghas lncrﬁ§§@d1 -TohAg ngorﬁb%aﬂéﬂs C tHl)\Péd arty &F déetl]ecd-ﬁﬁflﬁlrés.lo

rreasured in untFeated or ce e freat ed A col or-co
r epr esentGenfienbéultvnes ofdﬂld\ﬁéﬁswqje mbe‘@dfthhrmedie (N2 Cells) sTNRowh ng/odde tFNxs

of 1 gonuct PP ol Srftre &Gl i Al Giharkinedio iRY BoRRNIGRE R T oo

HUVEC cel After@@rhurs anlsfecwed wushbd A elRluateti ferane eell sibface egpretsion oROAMBDI N

ST LoT° T Cho PRRVE R8: ErselonSion 16y 6O3LIE. HLauleh ana nB Enl Gorbede

the ol | EINSAfmsformepraasdasenber inl E@Meh (Ilt)e re\éﬁi@Me&pn(e%}uon bof 2atie paramétd) is and

CD31 (4) Fl ow ¢ erf d _as previously
descri beas%g/@r%on%ﬁ%ardam%ggg\ieragi%lé g}eaé ?4§§P€§ent ation of the
bi omaps prepared fromthe data is shown coded 20 as descrl bed'in Figure

assays are proVPHEdTS PG SFRERENGIRG! By in i) Yartor constie InS @SR 69
scale). LTR, long terminal repeat; IRES, internal ribosomal entry site.
25
Figure 16. Effect of Bcl-3 gene over-expression on readout patterns in mulitiple
BioMap systems of inflammation. HUVEC cells were transduced with either Bcl-3-
expressing retroviral vector (Bcl-3) or control empty vector (control). Confluent cultures were
treated with either TNF-a (5 ng/ml), IL-1 (1 ng/ml), TNF-a (6 ng/ml) + IFN-y (100 ng/ml) + IL-
30 1 (1 ng/ml), or media only (no cytokine). After 24 hours, cultures were washed and .
evaluated for the cell surface expression of ICAM-1 (1), VCAM-1 (2), E-selectin (3), IL-8 (4),
CD31 (5), HLA-DR (6) and MIG (7) by cell-based ELISA performed as described in Figure
1. A color-coded representation of the biomaps prepared from }he data is shown, coded as
described in Figure 2B.
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activity classification of biologically active agents and genes. 25 In the
screeni ng assays for the biologically active agents, the effect of altering
the enviweymegti09f cells in culture is tested with a panglcafsoéetios and
cellular environments. The effect of the altering of the environment is
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are provided that s at oo i_nterest,

o t | cul dipgagmiepar e dath R b ot s descrBetinoded fhe same
type of cells or conbl nations of cells. These cell cultures are created by
t he addition ff f deferet factors to voke a
osponse t hat S THeEreEtRr MFRTRsE! aftaspStrotonaiedid bF MifRcSiing
to all gw doptbitidtionst @onfluent culRiréssof mUVECtaenemce beansfeltéd with TAF-RM ahéiseriseon
to a chan

t. The stat

o1t gl Py Sesey elcARLRsotdes. Ba e Fopsi e SHRSE T 105 of
pa{ arretterﬁgrhr) of RI-K QA Sng/MBNAEY 4 NHbues, rzhﬂ@wey@ﬁamgt@alﬁdedvamdt@d tfé}eth%t@élle of
I Nnteres

e phenotype can be rated by including a pluralit
factors. (WHCR IRIRES S o ehM- kDo dGA Tt (5 Fresifin Gh i G2 1ol g by
the up orcwb?mstry eGIdvv’J\E:yt@ﬁIeﬁf/ wefso;bémrm@a asf pFebi@uﬂWo%B’@i@"ch(%ﬁg @b@@twﬁe
products or be based on the nature of the 15 Iastlc

primary c15919t5§ E‘é?’l‘cqqeﬁé%P"e%?'Eat""\mé’?%b'PWéP? REPgrad f@ﬁ‘hﬁ]‘?ﬁ‘gat? P\é@p?%’?g of

the cgl | sad desétibédintMgure2®. cl osel y approxi mate the response of interest.
The factors are naturally occurring conpounds, e.g. known conpounds that

have surface nenbrane receptors and induce a cellular signal that results

in a nodified phenotype, pescitidedbE ¢HE spmgumobn@mm mc the naturally
occurrlng fact I n sone instances, the factors

e heel Tul af 19t dbie AulP e Schenig sy A% Pruler b eLSErerIE aRd BiSlPgFaing

t he cylt losa’.dtmty%laémftuandm agbubmgréanmmnatageme anbigenyé.osol , nucl eus or ot her
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one fovi des t'ﬁéﬁ%égge\gﬂpﬂﬁsa E‘/’ﬁr Ong‘ép’gfc??& %gtﬁg%eb%fr{eg%m f%[ﬁ%rf% I CS
nat ur al | YerWt6hheht s el inuftureris tdstad with apanel of célis andfcellilangnhvironments. The
effect of the altering of the environment is assessed by monitoring multiple output
parameters. The result is an analysis providing “function homology,” where comparison of
two different environments, particularly differing by different compounds present in the
30 environment, can be directly compared as to their similarities and differences. By being .
able to compare the effect on a family of parameters as to the degree of change in the
absence of the compounds, the function of the compounds can be compared, the pathways
affected identified and side effects predicted.
In the screening assays for genetic agents, polynucleotides are added to one or
35 more of the cells in a panel in order to alter the genetic composition of the cell. The output

parameters are monitored to determine whether there is a change in phenotype affecting
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factors, it is understood that it is the activities of the factors that are
of interest and not 25 necessarily a particular naturally occurring factor
itself. Th® nakwine and nunber of paraneters neasured generpdiysoieflogcts t he
response of a plurality of pathways. The subject approach provides for
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a plurality of pathways. The subject approach provides for robust results having enhanced

predictability in relation to the physiological state of interest. The results may be compared

to the basal condition and/or the condition in the presence of one or more of the factors,

30 particularly in comparison to all of the factors used in the presence and absence of agent.

The effects of different environments are conveniently provided in biomaps, where the
results can be mathematically compared.

For screening assays with genetic agents, the same approach will be used as

above. The genetic agents are added to cells, which are placed in a medium where one or

35 more factors may be present to provide a desired environment, namely an environment of

interest, such as a physiological environment involved with an aberrant, e.g. diseased,
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greater assurance of the effect of the change of environment in the
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physiological state or physiologic pathways of interest and allows for reliable responses that
can be correlated with in vivo cellular responses. Alternatively, factors can be employed
that simulate the environment of the cells in vivo (particularly a living animal, but may be

30 cells, tissue, organelles, etc.), so that the cell physiology of the cells in culture more closely
approximates the cell physiology in vivo.

Combinations of factors are employed where pathways involved with a particular
cellular status are active, resulting in the modulation of the formation of various products,
such as RNA, e.g. mRNA, tRNA, etc., proteins, metabolites, functional states of proteins,

35 etc., where different products are associated with different pathways. All of these products
are detectable and can be analyzed by appropriate assays. Specific products are selected
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pat hways. presence of the agent of interest and at least one other state, usually the control state

which may include the state without agent or with a different agent. The parameters include
cellular products or epitopes thereof, as well as functional states, whose levels vary in the
30 presence of the factors. Desirably, the results are normalized against a standard, usually a
“control value or state,” to provide a normalized data set. Values obtained from test
conditions can be normalized by subtracting the unstimulated control values from the test
values, and dividing the corrected test value by the corrected stimulated control value.
Other methods of normalization can also be used; and the logarithm or other derivative of
35 measured values or ratio of test to stimulated or other control values may be used. Data is
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Optionally, a biomap can be annotated to indicate information about the
sources of information for the dataset. Annotations may include, for
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25 in modulating the individual pathways.

Optionally, a biomap can be annotated to indicate information about the sources of
information for the dataset. Annotations may include, for example, the number of assay
conditions in a panel (n); controls used for normalization (N); parameters (P), which may be
designated for the number and identity of the parameters; environmental changes, such as

30 the addition of factors and/or agents or a change in the physical conditions (V); cell type (C);
and the like. The annotation may further specify specific factors or conditions present in
one of the assay combinations, e.g. n1, n2, n3, efc., where the presence of factors in the
assay combination is designated (F), temperature may be designated (T), pH, efc. The
parameters may also be designated in this as, e.g. P1=ICAM-1, P2=VCAM-1, P3=E-

35 selectin, efc. Written out, the annotation may be set forth as: (v) B {n; N; P; C; F}.
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phenotype. For example, both the culture and the in vivo physiologic condition could
involve T-lymphocytes, where the culture would involve a T-lymphocyte cell line or primary
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35 substantially different from the cells of the physiologic state of interest. Where itis known or

can be shown that the pathways of the cells in culture are paradigmatic of the pathways of
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35 antigen-presenting cell, etc. can be employed. Where a family of related factors are
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and transformed cell I|nes, transduced cells and cultured cells. The present invention is
suitable for use with single cell types or cell lines; or combinations thereof. In assays the
cultured cells may maintain the ability to respond to stimuli that elicit a response in their
30 naturally occurring counterparts. Cultured cells may have gone through up to five passages
or more, sometimes 10 passages or more. These may be derived from all sources,
particularly mammalian, and with respect to species, e.g., human, simian, rodent, efc.,
although other sources of cells may be of interest in some instances, such as plant, fungus,
etc.; tissue origin, e.g. heart, lung, liver, brain, vascular, lymph node, spleen, pancreas,
35 thyroid, esophageal, intestine, stomach, thymus, efc.
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the Cre-lox system), or other method for directing the target gene alteration. -
The genetic construct may be introduced into tissues or host cells by any number of
30 routes, including calcium phosphate transfection, viral infection, microinjection, or fusion of
vesicles. Jet injection may also be used for intramuscular administration, as described by
Furth et al. (1992), Anal Biochem 205:365-368. The DNA may be coated onto gold
microparticles, and delivered intradermally by a particle bombardment device, or "gene gun"
as described in the literature (see, for example, Tang ef al. (1992), Nature 356:152-154),
35  where gold microprojectiles are coated with the DNA, then bombarded into cells.
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are cardlovascular diseases; almost any type of cell may be associated with neoplasias, such

as sarcomas, carcinomas and lymphomas; liver diseases with hepatic cells; kidney
diseases with kidney cells; efc.

30 The cells may also be transformed or neoplastic cells of different types, e.g.
carcinomas of different cell origins, lymphomas of different cell types, efc. The American
Type Culture Collection (Manassas, VA) has collected and makes available over 4,000 cell
lines from over 150 different species, over 950 cancer cell lines including 700 human cancer
cell lines. The National Cancer Institute has compiled clinical, biochemical and molecular

35 data from a large panel of human tumor cell lines, these are available from ATCC or the
NCI (Phelps et al. (1996) Journal of Cellular Biochemistry Supplement 24:32-91). Included
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PHYSIOLOGICALLY RELEVANT ASSAY COMBINATION
30 Cell culture conditions that reflect multiple aspects of a physiological state are
termed herein a “representation” or “simulation” of the condition of interest, normally the in
vivo condition. There are several important, and inter-related variables to be considered
when setting up the in vitro counterpart conditions. These include the types of cells that are
involved, the media employed, the conditions for the culture, the presence of biologically
35 active factors in the cell’'s physiological milieu; and the phenotype of the cells, which ma3; be
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usually not more than about 10, that have similar response patterns in the in vitro and in
vivo conditions. A larger number of shared parameters indicates a greater relevance of the
30 cultured cells for the disease state and will usually be indicative of a plurality of pathways
associated with the physiologic state in vivo. The parameters selected will permit the
readout of at least 2, more usually, at least about 3 or more cell pathways.
If desired, the parameters of the biomap can be optimized by obtaining biomap
parameters within an assay combination or panel of assay combinations using different sets
35 of readout, and using pattern recognition algorithms and statistical analyses to compare and
contrast different biomaps of different parameter sets. Parameters are selected that provide
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provi di ng.t hese factar hances the approximation of the cells in culture
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The cell surface expression of various surface and intracellular markers, including
protein, lipid, nucleic acid, e.g. genetic markers, and carbohydrate is known for a large
number of different types of cells, and can be used as a reference for establishing the exact

30 phenotype of cells in vivo; for determining whether that same phenotype is present in the
cultured cells, for determining the effect of an agent, particularly a pharmacologic agent, on
the cells, and the like. The manner in which cells respond to an agent, particularly a
pharmacologic agent, including the timing of responses, is an important reflection of the
physiologic state of the cell.

35 For example, one might determine by histologic and antibody staining the
phenotypes of cells in a biopsy sample from a chronically inflamed tissue. This information
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cells will be perfused with different factors based on the different cells in the environment of

the tumor, as well as other factors in the blood induced by factors secreted by the

neoplastic cells. Since the physiology of the cells is influenced by these factors, which in
30 turn will influence the regulation of the parameters to be measured, providing these factors

enhances the approximation of the cells in culture to the cells in vivo, providing for a more

accurate readout of the effect of an agent on the cells. Many of these factors will be the

same factors described above, but additional factors include factors associated with

angiogenesis, such as angiogenin, angiopoietin-1, HGF, PDGF, TNF-a, VEGF, IL-1, [L-4,
35 IL-6, IL-8 and fibronectin.
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associated with the additional information that is engendered by the

i ndicated 30 variations. The variatio can include the addition of known

i nhibitors of specific pathways. Werrd™FHR presence of the inhibitor and
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also information that has been previously developed under comparable conditions. In one
embodiment of the invention, a panel is comprised of at least one assay combination that

30 provides for a representation of an in vivo state of interest, while other assay combinations
in the panel are variants thereof. Frequently a panel will be used that is comprised of at
least one assay combination that provides for simulation of multiple pathways of interest,
while other assay combinations in the panel are variants thereof. In other embodiments, a
panel may be comprised of multiple, different, in vivo representations; or multiple different

35 environmental conditions designed to stimulate multiple cell functions and pathways. The
number of combinations in a panel may vary with the particular use. For example, the
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25 variants comprising targeted genetic changes, efc.

In another embodiment, the panel comprises culture conditions where multiple
specific changes are made simultaneously to the representative environment, e.g. two or
more changes, usually not more than about 6, more usually not more than about 4. Such
changes are associated with the additional information that is engendered by the indicated

30 variations. The variations can include the addition of known inhibitors of specific pathways.
Where the presence of the inhibitor and the candidate drug result in no change in the
modulation of the markers as compared to the absence of the candidate drug, then the
candidate drug is in the same pathway inhibited by the inhibitor and the candidate drug will
usually be at or upstream from the site of intervention of the inhibitor in the pathway. Where

35 adifferent result is obtained with the presence of the candidate drug, then it is assumed that
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physiological condition that one is simulating with the assay combination; the parameter is
modulated by a factor that is available and known to modulate the parameter in vitro
30 analogous to the manner it is modulated in vivo; the parameter has a robust response that
can be easily detected and differentiated and is not too sensitive to concentration variation,
that is, it will not substantially differ in its response to an over two-fold change; the
parameter is secreted or is a surface membrane protein or other readily measurable
component; the parameter desirably requires not more than two factors to be produced; the
35 parameter is not co-regulated with another parameter, so as to be redundant in the
information provided; and in some instances, changes in the parameter are indicative of
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oli golsjgccharlcrié nqu I%Xsp%rylateg protein, such as a STAT transcriptional protein; or
sulfated oligosaccharide, or such as the carbohydrate structure Sialyl Lewis X, a selectin
ligand. The presence of the active conformation of a receptor may comprise one parameter
while an inactive conformation of a receptor may comprise another, e.g. the active and
30 inactive forms of heterodimeric integrin B> or Mac-1.

A parameter may be defined by a specific monoclonal antibody or a ligand or
receptor binding determinant. Parameters may include the presence of cell surface
molecules such as CD antigens (CD1-CD247), cell adhesion molecules including asR7 and
other integrins, selectin ligands, such as CLA and Sialyl Lewis x, and extracellular matrix

35 components. Parameters may also include the presence of secreted products such as
lymphokines, including IL-2, IL-4, IL-6, growth factors, efc. (Leukocyte Typing VI, T.
29
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structures substituted with one or more of the above functional groups. Candidate agents

are also found among biomolecules, including peptides, polynucleotides, saccharides, fatty

acids, steroids, purines, pyrimidines, derivatives, structural analogs or combinations thereof.

30 Included are pharmacologically active drugs, genetically active molecules, efc.
Compounds of interest include chemotherapeutic agents, anti-inflammatory agents,
hormones or hormone antagonisis, ion channel modifiers, and neuroactive agents.
Exemplary of pharmaceutical agents suitable for this invention are those described in, “The
Pharmacological Basis of Therapeutics,” Goodman and Gilman, McGraw-Hill, New York,

35 New York, (1996), Ninth edition, under the sections: Drugs Acting at Synaptic and

Neuroeffector Junctional Sites; Drugs Acting on the Central Nervous System; Autacoids:
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Compounds, including candidate agents, are obtained from a wide variety of
sources including libraries of synthetic or natural compounds. For example, nhumerous
means are available for random and directed synthesis of a wide variety of organic
compounds, including biomolecules, including expression of randomized oligonucleotides

30 and oligopeptides. Alternatively, libraries of natural compounds in the form of bacterial,
fungal, plant and animal extracts are available or readily produced. Additionally, natural or
synthetically produced libraries and compounds are readily modified through conventional
chemical, physical and biochemical means, and may be used to produce combinatorial
libraries. Known pharmacological agents may be subjected to directed or random chemical

35 modifications, such as acylation, alkylation, esterification, amidification, efc. to produce

structural analogs.
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cDNA cl ones for worldw de use. The clones are conmercially available, for
exanple from 32 WO 01/067103 PCT/US01/ 07190 Genone Systens, Inc., St.
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stability_and binding affinity. A nunber of such nodifications have been
descri bed® T PRE Ie?cferature, which alter the chem stry of the backbone,
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there may or may not be a corresponding homologous sequence.
A large number of public resources are available as a source of genetic sequences,
e.g. for human, other mammalian, and human pathogen sequences. A substantial portion
30 of the human genome is sequenced, and can be accessed through public databases such
as Genbank. Resources include the uni-gene set, as well as genomic sequences. For
example, see Dunham et al. (1999) Nature 402, 489-495; or Deloukas ef al. (1998) Science
282, 744-746.
cDNA clones corresponding to many human gene sequences are available from the
35 IMAGE consortium. The international IMAGE Consortium laboratories develop and array
cDNA clones for worldwide use. The clones are commercially available, for example from
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Poi nt nutation re. e have n effect n, fusion of
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complementation.
Antisense oligonucleotides can be chemically synthesized by methods known in the
art. Preferred oligonucleotides are chemically modified from the native phosphodiester
30 structure, in order to increase their intracellular stability and binding affinity. A number of
such modifications have been described in the literature, which alter the chemistry of the
backbone, sugars or heterocyclic bases. Among useful changes in the backbone chemistry
are phosphorothioates; phosphorodithioates, where both of the non-bridging oxygens are
substituted with sulfur; phosphoroamidites; alkyl phosphotriesters and boranophosphates.
35 Achiral phosphate derivatives include 3’-O’-5-S-phosphorothioate, 3'-S-5-O-
phosphorothioate, 3’-CH,-5-O-phosphonate and 3'-NH-5-O-phosphoroamidate. Peptide
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protein function. 34 WO 01/067103 PCT/US01/07190 Methods that are well
known to those skilled in the art can be used to construct expression
vectors comi@iogtig codi ng sequences and appropriate transaidmpido@oadoo and
transl ational control signals for increased expression of an exogenous gene
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Weeren (1998, J. Biol. Chern. 273: 13150) Mutations that alter adapter function also create
dominant negative mutants, as for example dominant negative mutants of the SH2/SH3
adapters Nck and Grb2 (Gupta, 1998, Oncogene, 17:2155) and a deletion mutant of
STATS5A (llaria, 1999, Blood, 93: 4154).
30 Preferably, the mutant polypeptide will be overproduced. Point mutations are made
that have such an effect. In addition, fusion of different polypeptides of various lengths to

the terminus of a protein, or deletion of specific domains can yield dominant negative

mutants. General strategies are available for making dominant negative mutants (see for
example, Herskowitz (1987) Nature 329:219, and the references cited above). Such
35 techniques are used to create loss of function mutations, which are useful for determining
protein function.
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see Bowrgm16t12) . (1998) J. Biol. Chem 273:28040-28048.
In cases where an entire gene, including its own initiation codon and adjacent
sequences, is inserted into the appropriate expression vector, no additional translational
30 control signals may be needed. However, in cases where only a portion of the gene coding
sequence is inserted, exogenous translational control signals, including, perhaps, the ATG
initiation codon, must be provided. Furthermore, the initiation codon must be in phase with
the reading frame of the desired coding sequence to ensure translation of the entire insert.
These exogenous transiational control signais and initiation codons can be of a variety of
35 origins, both natural and synthetic. The efficiency of expression may be enhanced by the
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det ect abl e Igct?osngase alka‘me pf?ospha%a%g etc) fluorescent genes (e.g. GFP, RFP, BFP, YFP) or
surface markers (e.g. CD24, NGFr, Lyt-2 etc). A preferred marker gene is biologically
inactive and can be detected by standard immunological methods. Alternatively, an “epitope
tag” could be added to the test gene for detection of protein expression. Examples of such
30 ‘“epitope tags” are c-myc and FLAG (Stratagene). A preferred viral vector will have minimal
or no biological effect on the biomap apart from the genetic agent being tested. An example
of such viral vectors are retroviral vectors derived from the MoMLYV or related retroviruses,
as listed above. By gating on the population of genetically modified cells, the unmodified
cells in the culture can be excluded from analysis, or can be compared directly with the
35 genetically modified cells in the same assay combination. For example, see Bowman ef al.

(1998)_J. Biol. Chem. 273:28040-28048.
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A plurality of assays may be run in parallel with different agent concentrations to
30 obtain a differential response to the various concentrations. As known in the art,
determining the effective concentration of an agent typically uses a range of concentrations
resulting from 1:10, or other log scale, dilutions. The concentrations may be further refined
with a second series of dilutions, if necessary. Typically, one of these concentrations
serves as a negative control, i.e. at zero concentration or below the level of detection of the
35 agent or at or below the concentration of agent that does not give a detectable change in
the phenotype.
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provides dramatically reduced nonspecific backgrounds, leading to clean signals that are
easily detected. Such extremely high levels of specificity enable the simultaneous use of
several different fluorescent labels, where each preferably emits at a unique color.
Fluorescence technologies have matured to the point where an abundance of useful dyes
30 are now commercially available. These are available from many sources, including Sigma
Chemical Company (St. Louis MO) and Molecular Probes (Handbook of Fluorescent Probes
and Research Chemicals, Seventh Edition, Molecular Probes, Eugene OR). Other
fluorescent sensors have been designed to report on biological activities or environmental
changes, e.g. pH, calcium concentration, electrical potential, proximity to other probes, etc.
35 Methods of interest include calcium flux, nucleotide incorporation, quantitative PAGE
(proteomics), efc.
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otherwise tagged reporter molecules Cell based ELISA or related non-enzymatic or

fluorescence-based methods enable measurement of cell surface parameters and secreted
parameters. Capture ELISA and related non-enzymatic methods usually employ two

30 specific antibodies or reporter molecules and are useful for measuring parameters in
solution. Flow cytometry methods are useful for measuring cell surface and intracellular
parameters, as well as shape change and granularity and for analyses of beads used as
antibody- or probe-linked reagents. Readouts from such assays may be the mean
fluorescence associated with individual fluorescent antibody-detected cell surface

35 molecules or cytokines, or the average fluorescence intensity, the median fluorescence
intensity, the variance in fluorescence intensity, or some relationship among these.
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Both single cell multiparameter and multicell multiparameter multiplex assays, where
input cell types are identified and parameters are read by quantitative imaging and
fluorescence and confocal microscopy are used in the art, see Confocal Microscopy

30 Methods and Protocols (Methods in Molecular Biology Vol. 122.) Paddock, Ed., Humana
Press, 1998. These methods are described in U.S. Patent no. 5,989,833 issued Nov. 23,
1999.

The quantitation of nucleic acids, especially messenger RNAs, is also of interest as

a parameter. These can be measured by hybridization techniques that depend on the
35 sequence of nucleic acid nucleotides. Techniques include polymerase chain reaction
methods as well as gene array techniques. See Current Protocols in Molecular Biology,
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target specific pathways, as well as references from the analysis of cells treated under

environmental conditions in which single or multiple environmental conditions or parameters

30 are removed or specifically altered. Reference biomaps may also be generated from panels

containing cells with genetic constructs that selectively target or modulate specific cellular

pathways. In this way, a database is developed that can reveal the contributions of
individual pathways to a complex response.

The effectiveness of pattern search aigorithms in classifying biomaps can invoive

35 the optimization of the number of parameters and assay combinations. The disclosed

techniques for selection of parameters provide for computational requirements resulting in
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mathematical/statistical methods for discriminating between them can accomplish this.

A database can be compiled by preparing biomaps using different combinations of a
plurality of biologically active factors, in conjunction with biomaps involving the use of known
agents having known effects and/or the use of genetically modified cells, where the genetic

30 modification affects one or more of the pathways affected by one or more of the factors
used to create the phenotype. For example, if the culture conditions selected to produce a
specific in vitro reference pattern contain four biologically active agents, in addition to those
present in the basal conditions of the normal or basal environment, a biomap would be
generated from a panel of cells treated under all possible combinations of the 4 agents (15

35 assay conditions), typically using constant concentrations in each of the combinations. The
extent of the database associated with assay combinations to screen candidates for specific
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i nfl uenci ng tmeprmeﬂe@kmweage databasd beht@iny sefotedge bwmamruéiﬁphemgmsa fromen

t abl he wel | i | that d t
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st ag HgRASShysF o PR MEBRI PPN 0N . MAR FRFYE LT o BPPRE; 'Hteée§tt AGe
and fi nalexs:tualge drhiacluded @r quantitativety alteredhiay orbeeaimpies, esaeenfratiom abtme ¢f t o
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rmdlflcat?’%ﬂ SYP 8%t he basal medium (e.g. the addition or renoval of
particular growth factors, extracellular matrix conponents etc.) to
reflect differences between phy oI O%(@ @/Masr (?\I interest. 44 WD 01/ 067103
PCT/ US01/ 07190 For the nost par BHEMINASN on of the factors for
proviahi ng t he Bibmabslabguseful for pathway discrimination where the biomaps associated with

agents that have a common target and mode of action are reproducibly and robustly similar,
where biomaps are associated with agents that stimulate or inhibit different pathways of
interest reproducibly, and with biomaps that discriminate at least two, preferably three, and
more preferably four or more different pathways in a common set of assay combinations.
30 Providing an agent to an assay panel results in a biomap that reflects the cellular
response to that agent, produced by the stimulus acting on a target, or biosite, and through
a signaling pathway, producing a change in the phenotype of the cell. A pathway may be
defined for the purposes of the invention as a set of interacting cellular events that produces
or contributes to a specific phenotype. Pathways are mediated by sets of interacting
35 molecules of the cell. Variables that act on the same cellular pathway result in similar
biomaps. Similarly, variables that act on different cellular pathways result in different

43



condition will be known and frequently the response will not be sensitive
to small changes in the concentration. Where the concentration has not
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until the BTW (Ifed u& a? ect ed di sease-rel evant environnment
i s suffi CCENYAY e %HF? ?glﬂ‘ 9’?'5?5 AR BYChSingFes 1RiC-nibdicale ipitiabintaresd
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endot hel i°3P'® Etgrqlsmgatb g?EfBI B%Jrqrﬁpgﬁemain%’&l RSP 'CtY%u‘F i) efArdigiascytar
t hese celdiszasespond to a |large variety of cellular stimuli. Endotheli al

cells are highly sensitive to their environnent, and they contain a |arge
nunber 30 of signaling pathways. This provides an opportunity to eval uate

the effect of conmpounds on W&F@Ppﬂtzhm@NS'E@mtggts pat hway i nteractions.
In inflammtion,

Endo el ial S t|c ate in. man cesses
t hey Eont rol ﬁf’é"ﬂf"g‘{ 5% C%mkd‘“?tfﬁf’él %lai’at’ IPPE‘F 2’56@8?3"'“9&5‘@0‘899%"%&?
Idyrrphocyttﬁmgl mframte?r readberg mogdsbehsé hﬁ stieuii fmt?flh@fsélédi@i :Ejls%ﬁlge-relevant

i ssem nati.on of ne an ir sregul ation is centra
to cardi GPHEANMENtIS gtgf?apg@a@gereagatg@f@m %‘87’?%@ arAnotst Felesisd C?Hé't'ﬁ'i‘ @E@nt
i nvent i Oranltmtlumﬁtﬂarémételrdeﬂﬁ iséi¢tteg. regul ators of inflanmation using human
endot hel i al

as. an Jjndicator cel the i al |1 s are found in

i nfl ammat ory ﬁﬁ“@é lé)n iy aﬁ?@hF?mE’égﬁ% et d %ﬁ%qt'g?ﬁ@ﬁt‘éfl oRtimatul i ;
and they caneendratiend of ggded biblogically active agents, the timing of their addition, addition or
deletion of factors, and selection of an optimal time course. The time course will depend
upon whether one is interested in the effect of an agent prior to the addition or at the time of
the addition of the factors influencing the parameters or after the physiological condition has
been established, as well as having cells that do and do not present the physiologic
30 condition. The factors may have been present from about 0 to 72h or longer prior to the
addition of the agent, usually from about 0 to 48h, and frequently from about O to 24h.
Where the cells may be at various stages of the physiologic condition, e.g. unchanged,
intermediate stage and final stage the factors will usually have been present from about 2 to
48h or longer, more usually from about 6 to 24h. Optimization also includes modification of
35 the basal medium (e.g. the addition or removal of particular growth factors, extracellular

matrix components etc.) to reflect differences between physiologic states of interest.
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which primary cells can be readily isolated and cultured such that they
retain 5 responsiveness to nmany of the biologically active factors
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reduced epgpametrestiseerkctedof | CAM1; VCAM 1; and E- selectin; and increased
expression levels of CD31. 46 WD 01/067103 PCT/ US01/ 07190 Assay

conbi nations that include genetically nodified cells are also a preferred
sour@s of reference patterns. For egaopkaviLiEdNF-a signaling in HUVEC

I nvol ves the NFKB signaling path | i 1995, Faseb J, 9:899).

Bl ockade of this pathway can be %}SOQ%'AL&LS

As exemplary of the subject situation, primary endothelial cells are employed in one
embodiment of the invention, as these cells respond to a large variety of cellular stimuli.
Endothelial cells are highly sensitive to their environment, and they contain a large number

30 of signaling pathways. This provides an opportunity to evaluate the effect of compounds on
many pathways and/or pathway interactions. Endothelial cells participate in many disease
processes. In inflammation, they control the migration and localization of effector
leukocytes and lymphocytes; in cancer, they control the nutrition of fumors and
dissemination of metastases; and their dysregulation is centrally important to cardiovascular

35 disease.
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acconpl i shed by overexpression of |KB-a, for exanple, through adenoviral
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IFN-v; IL-10 and MIG which are induced on endothelial cells by IFN-y; or GRO-a or ENA-78

which are induced on endothelial cells by iL-1 and/or TNF-o< [Goebeler M, J Invest Dermatol
1997, 108:445-51; Piali L Eur J Immunol. 1998, 28:961-72].
30 For assay combinations representative of chronic inflammatory diseases, the

cytokine IL-1 is often found in combination with TNF-a and IFN-y in such diseases, for
example, in Crohn’s disease (Autschbach, 1995, Virchows Arch. 426:51-60). For this
inflammation model of endothelial cells, an inhibitor of TNF-o, such as a neutralizing
antibody against TNF-a, provides an example of an active compound. Adding anti-TNF-o to

35 the assay combination was shown in reduced expression levels of ICAM-1; VCAM-1; and E-
selectin; and increased expression levels of CD31.
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5 i nmunosuppressives for |ocalized i nmune pathologies, as in inflamuatory
bowel diseases, psoriasis, nultiple sclerosis, arthritis, and the |ike;

nodul at i nygoatdseiops of | ynphocyte hom ng/targeting nol ecyl@asudo@yiowoul d
nodul ate in vivo i mmune responses therapeutically wthout the side effects

associ at ed W tRssagneomthihatmsi mummapgmbap. mobifie@rcefie re idee At praferedn be
el ect
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rotocols I n . nol o , Or .ce ne sSel ecl e or elr, 111
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known si gnal i ng pat hways or specific signaling pathways inplicated in
di sease states. 20 Assay conbi nations and reference biomaps are identified
for a“variety of diseases, includi H‘&UﬁgBﬁEgsi s, arthritis, Crohn's

gi seasg, dul cergy ia/|65imﬂéﬂ ti%&éiv?sbms €4sC .thaty dékﬁrilb'eﬂeégtb\ie(eapmbﬂgaiésaﬁéayl
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Dar anmet orcoThIBAS 5 eridptaafeaid roitesththg e MRl At RS (o R EplgaR
co%ar i nostatee a;meMFblishedaﬂﬁFk@ cdrhdlﬁbrhiimmml ps@wsis,‘r"rhs'ungatcbihertﬁﬂmw chronic

combi nat i nd sel ection an opti 5 paraneter. set_.. T i sea

envi ronrreﬁ{b aﬁeﬁ%ﬂ’ﬂgqnén%’ﬁ%ﬁﬁgb?gﬁf‘%v q%lg@yorawaerfl 2 §°|(tl§a\l\§l(%@?r,"cs@98,
J.h | m]:sestassé)mﬁmbmbtiori&én Boaefinefiusttha cullh® 8f HOVEC Wit TNFeamnardral-1 ahtidL-452) ,
t her ef or '

e o o 2R BT A ARARSY PO T2 B RSt bk BE e i, +
celI's in ipsthiel presencexpl ENE-ohiligh dneMvields baf nbhiEN3P [Ribdnson, 11968, J.aAllergy Clin.
e Rl R OB S i Bl A S Ly B St oo
for psor I \AGAN andi MCPehinailan t6 the iflvAoasittatiper{Ohkawatas ¢286 Aemy.i ResprSet! Mah
(oai 0" 19985 7985 Rt 1885.4mmiunel Y6t 588G, bt 2ar ro, 1090! ontel bone, 35
1999), t her ef dryengtokinesaydudndiactvated [fraphdsytdsn’(GD4SREas €DM4hi, efo)| ae aone
o oror e Rt ARSI REHage b aRl bR Kbl debrre
with at |desttieneoliit, bsthma, @fcl Tipeading arethesdiseasenéménomateat gnddiselie ditsease
e e ek S1hpegtes o5 1 BB R e s B80S whieisn e
di seases gihef eceptbrsalak welicast iaithair produdtion ofi vatiess cgtokines ane other faatdrs u ridneoi d
arthriti SabiiIR)(/: k98 %ct-il\_lgﬁf Block ,Sl?nlphoézﬁé Qctivarion Fssddrated with the inflammatory disease
without inhibiting or suppressing lymphocyte activation associated with the ability to fight
infection and neoplasia is a goal of inflammatory drug therapy. ’
Specific homing and adhesion receptors, as well as chemokine receptors,

30 expressed by lymphocytes differentiating into effector and memory cells target the involved
regulatory and cytotoxic T cell populations, as well as B cells responsible for humoral
immunity. Upregulation and modulation of homing receptor expression patterns is observed
when lymphocytes are activated in defined microenvironments comprising specific
cytokines; and in some environments multiple homing receptors (e.g., asB7, the cutaneous

35 lymphocyte antigen (“CLA”), inflammatory chemokine receptor such as CCR5 and CXCR3
and bonzo, etc.) are induced. Multiplex analysis of each of these homing receptor
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5 15, MP1l, MCP-1, and TGF (Robi nson, 1995, din. Exp. |Inmunol. 101: 398;
Thur kow, 1997, J. Pathol. 181:444; Suzuki, 1999, Int. Inmunol, 11:553),
t her ef or ewy1@8%@y conbi nation for arthritis will includecanes@ordore of
these factors, generally including at |least two of the IL factors and at
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r heumat onﬁhnarnbhfouhlasorprc@ﬁ@bamg édgaple SramifmdIpatterd ofiehing FEsbptortexprlissas e
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Condi i orREOPHF o LIPSO, AL RIS 46k THs. MEdURERa RS B Pavihogyte

treated vndrdﬂng/ea”rgletd@ moldcugs they des moemmermwmnmmmadesmseetrmamucauy
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drugs wi tWthousiheg, ?ﬁt%ﬁﬁ?r& |tlége@q@ Z8GdMMUNPERATBIP'YY  dr ugs t hat
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activati di %:X{n; rvx‘iet"hl'nets‘h'ftﬂ?(’teéf?oéép%'r 8&"'&?}85&?‘9?@'"& sggl%éifa%qq 854 t he
living rammaseeusy@ﬁ(ﬁmmeukl zed. As an exanple, in its sinplest
enbodi nment , uman r b Q0 S are 25 lncuba ed in
an activati ngQQ??d/at?Fa&WQF'QH? |f§f? '?sr H#@??[ %%cgrr\?"&r&taé; V%ﬂophc%% W ¥nt |
ang fshe ( (m?mnatmgtdnantup@m & Ns2 eﬂnmar e@l IPNtyh+£ ef-dperic antpit-4 er raatlmman) ned
under co condi tion Wi np, re
pr ot ot yplé%ﬂ?1 SNGtionsarg df li]%'n%t?[ﬂ?&% : @%"e‘gﬁﬂ’ |a§%a{%{l'8 M é\ﬁe@ﬁo%@m
d}gzvel Iolm rMoIécxﬁiat Btw@ aB4y, eearsy) & bmmm Presse ROp@j (agcuﬂtummddwtlomsahatsi s
of cells treated der,. envi ronnent al ch_si.n ent s
are renoVEATESERL ‘f’Ho Rissare FPYFRIMSNUS: qrg%gqndgt&éwg%vﬂeragte %ér disCimRatE
Al t er nat lmwh sngh@llfr@r ﬁamWabs Qﬂreqcpfecmc esngmneg Flatrovays |tﬁpdacqi1eesmdiseaeé satest i c
constructs that selectivel sti mul ate it_or.o
modul 2% e /&Y ?‘?rﬁb'Bﬁtﬂ‘?ﬂﬁaﬁgg r,aher? © bwps ad'§at nglneed 2 r ar‘éﬁrgﬁ e%’ivH sfﬁagﬁ%ps
i s devel dpeldding psénasis raetheitis Grolat’s disphse; aldetativefcotitise asthwen eicoby the |temahvrerrune
deviation. Certain, in n ory .dise s.r.esult.or a
pol ar i zatR"BRE%5 aﬁnd?ﬁ?f'{)%(ﬁf%i’xmiﬁvﬁsgf?rﬁ%gil%%“r rﬁ%b%?%%%&% Eﬁg nse
t owar ds Tﬂsalraméteﬂsats ffom irewieopai, testimglassagrentbirations mnmitre cﬁhtparlmtmnee's‘ro
(e.qg. ystemc.tr atrrent wi.th. I F exac e S
i 01 pl & S ah oafe SRR, e M R SRERsfel 4 sBofd ™81 i, BHirhar
scr eexsed ﬁarémbtueisét ability to shift biomaps from"Thl" to "Th2", vice
versa, or f ron:‘_hél' lseager en\-ll;Poznmetn m%a?c?nras%qﬁag&é/so 212, IFN-y and TNF-o (Yawalker,
1998, J. Invest. Dermatol. 111:1053; Austin, 1999, J. Invest. Dermatol. 113:752), therefore
an assay combination for psoriasis will include one or more, usually at least two, and

frequently all of these factors. Inflammatory T cells in psoriasis express high levels of the
30 CLA antigen, a carbohydrate antigen related to Sialyl Lewis x (Berg, 1991, J. Exp. Med.
174:1461; Picker, 1990, Am. J. Pathol. 136:1053). Therefore a parameter set for psoriasis
will contain the CLA antigen.
The disease environment in Crohn’s disease includes IL-1, TNF-q, IL-6, IL-8, IL-12,
IL-18, and IFN-y (Daig, 1996; Woywodt, 1994; Kakazu, 1999; Pizarro, 1999; Monteleone,
35  1999), therefore an assay combination for Crohn’s disease will include one or more of these
factors, generally including at least two of the IL factors, by themselves or in combination
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5 The invention is al so useful for screening conpounds for drug
I nteractions. For exanple, nethotrexate is a current therapy for

r heumat oi oagldgfidoi S and inhibits T cell proliferation. SrTeE1O8190
conpounds in the presence of nmethotrexate can reveal unexpected toxicities
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el 1 onmRErencabigidps EMnbies s BB icAte] bEHLs SRR NfehPols Fshonsesto

ItOL g::ressreg%omme* ledmngwmemf,lt zﬂmb?x’t thetar msbeidifzﬁernMemdrdmeair?g:gthr?t tacbwghen
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di sease e‘ﬁér%%ﬁ%‘gﬂ??%&f ]f/tﬁ ?fggt[s C%ﬁé’%%a%@@%oﬁé‘%ta?aﬁe}éIrgcg's\;%%ﬁ)gy o‘?rgrln ec ed
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Sel et ed B SR B R BerRe i 1 8 SPERB IR ER

pat t ez5ns iacubdied mnaraactivating aed/er diffeenbatngesrwiroMoént; eontactpd mitbransggenglamndi n a

knowl edgethga;[e%gg steoutpu{ Lﬂ:gﬁerns compared with reference patterns obtained under control

conditions (without the compound) and in the presence of prototypical anti-inflammatory
compounds etc.
This is accomplished by developing a database of reference biomaps developed
30 from the analysis of cells treated under environmental conditions in which single
components are removed, or with known drugs that target spécific pathways. Alternatively,
reference biomaps are generated in the presence of genetic constructs that selectively
target, stimulate, inhibit or otherwise modulate specific pathways. In this way, a database of
reference biomaps is developed.
35 One preferential application of the invention is in immune deviation. Certain
inflammatory diseases result or are exacerbated by polarization of an inflammatory
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t hose devel oped fromthe analysis of cells treated under environnmental
conditions in which single conponents are renoved, or with known drugs
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el yor s Sfttide € BrblWMuBGTes ShAIBRE et o dahe AR e i8R e
conpotientiadarecapaptasieth panticulat teliktppem Boruganphatratiatigetindpson bf Eaglainhthays.
Al t er nat i%ﬁl E/ 30t Eeeferet:nscei ?i olmagsen(ian be aenera edoi 'I}atlgﬁ @é seengeess%f
genetic cOI¥tS QEPIDCL ARRPURIlY DTN Agenty @ diqUCe SPORIRSIS L FapR P By D) &pressing

ot her w seT pelthy ITAlFex sae diduce apaptbsia yader spetific Sondifionsa admhédymatored chargecinence
bi omaps i el oped. .and, conpounds . are sel ect ed their ability to

or oduce. ACAYESTERERs uRRSnERR 1063 BiEfer RO oBta Tt AhadPhegelebibton
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bet n papels _of cell t . hplds.th otentjal to provid .

Cher dbeutad BpriESs R Spaicaiors s hetiy dh bBrolathi era csavel s
drugs andagemesurichdisease. efiningthidmapsrasspdiatet wdthaploptosisare Lisefal fooidentiflyingr

t he i mmunggenicity, or nodul ate other critical features for cancer therapy.
A panel o?cgi%%cﬁ@é%ﬁ‘%@sfi c cell lines at the NCI has been used to exam ne
the effects of hundreds of anti-cancer and ot her conpounds on neopl astic
cell proliferation (Winstein, 199KAAC§8L|§KEEE 275:343). While the responses

of any i ndividual cell ,
25 The present invention can be applied to the identification of compounds that inhibit

or alter macrophage activation. Peripheral blood monocytes, tissue macrophages and
related cell lines are a preferred cell type for screening for pharmacologically active
compounds/interventions due to their ability to discriminate pathophysiological
environments. Monocytes/macrophages in different physiological settings have altered
30 responses. IL-4 reduces production of IL-10 in LPS stimulated blood monocytes but not in
synovial monocyte/macrophages (Bonder (1999) Immunol. 96:529; Ju (1999) Int. Rev.
Immunol. 18:485). In addition to being highly responsive to their environment,
monocytes/macrophages participate in a variety of disease processes, including
inflammation, fibrosis, and wound healing, through their production of mediators, growth
35 factors, phagocytosis and antigen presentation functions. Assay combinations, e.g. IL-4
and other IL factors, M-CSF, and GM-CSF are used in combination with each other or other
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line carried little information about the nechani smof inhibition of
proliferation, the patterns 10 of responses anong the 60 cells of the panel
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reference biomaps. Reference patterns, held in a knowledge database include those
developed from the analysis of cells treated under environmental conditions in which single
components are removed, or with known drugs that target specific pathways. Alternatively,

30 reference biomaps can be generated in the presence of genetic constructs that selectively

target, stimulate, inhibit or otherwise modulate specific pathways. In this way, a database of
reference biomaps is developed, and compounds are selected by their ability to produce a

desired biomap.

35
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preferentially express a0l and | ess a213j, a313, and a0l (Chanbers 1993,
Crit. Rev. Oncol. 4:95; Dedhar, 1995, Cancer Metastasis Rev. 14:165; Tuck,
1999, Oncowen®ei®34237). Simul taneous mul tipl ex anal yses pfr/owidoo and
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161: 2595, nucleoside analogs, topoisomerase inhibitors, mlcrotubule function inhibitors efc. Such

g

compounds are given in Weinstein, 1997, and The Pharmacologic Basis of Therapeutics.
Reference patterns that distinguish compounds that are cytostatic or cytolytic versus
apoptosis-inducing are developed using a panel of primary tumors and tumor cell lines with
and without functioning p53 pathways. The procedure of simultaneous multiplex analyses

30 of normal and cancer cell lines allows discrimination of agents selective for cancer cells.
The invention is also useful for screening compounds for drug interactions and
synergies. Drug interactions are highly important in cancer therapy. For example, while
steroids control the edema that occurs with glioma, they also interfere with chemotherapy
efficacy. Cytotoxic drugs are a main treatment for cancer and interference with the
35 chemotherapy efficacy may offset the anti-tumor effect of an apoptosis inducer. On the

52



Ma (1998) Eur. J. Hematol. 61:27; Pober (1998) Pathol. Biol. (Paris)

46: 159). Once a reference biomap for endothelial cell apoptosis is

i denti fiegio aagpoesnds are screened for their ability to ipidugsi@7®ym | ar
bi omap fromtunor, but not normal, endothelial cells. Test patterns are

conpar ed bthephatd, apﬁagy @%meﬁ‘nqmmaealmr@g"@nsula fb@thugmybék%@lal%eﬁ?éﬁseéuaﬁnn
obt ai ned from ae a%ﬁ%wpy@gﬁﬁl | s treated under environnental conditions

in which "egPg 'HEHBUR ErAUSINORe RidR BHRASIr ugs t hat target
specific pathways. Alternatively, reference biomaps are generated in the

presence of genpetic_constructs that selectively target specific pathways.
In this w§ lr?raggcg§8[)g1§éas t'crpg‘FB?té‘H%e bi omaps is devel oped that can reveal

the cantri but | T préseérdinvértionl cmtﬂw\@bﬁlléd) t& tﬁ@Wﬂbﬁ!ﬂflcéﬁ@rp(bfisébmp&(ﬁds or
ANG OGENES{S II}IHI Bl T The tg 6 ﬁ (gventlon can b a&% f?é to the

i dent i fi cAEANGIGRS ¢ {Phdeetasiatc PRRASYRes of cansgliratse Nitashiefageers have
Ppar macol sigred abedivd 'ena |mfasa:agur3@1;me.slMetagtatuapau!mewhr@%sdc@ted Ath tdeﬁatnrre nt
of cancer cularizatiop of tunobrs contriputes to cancer K gro

Por 35 rieptem N1 ieb R e o OB YEHos OBRPPR) SR BSOS Vel Son
supports pmfdowmhwmes cath as mPAuaﬁSsue@wsdnrlmg@hla@@vat@i}ltﬂ:r&dd@ﬁé@ofdsterwmgﬁ of
biolo caI,I‘% ﬁgents re known t ufc pronot e a gene3| S

i nclu ernggd fiorg melpcyle Wl’?%l?é‘ @53 é’@@tl'q"u ror ﬁ’éﬁrﬁ’ » OB s,
etc., Mhepiréf@ént@ﬁ%kpr%s?] ugmae}ddueai ?Jls%‘éb] andbisl fo@ﬁ@nﬁ@@tmes OmyREE Osesl 1N
an assay {10 Sio ica el evant_state ivo are

cont ai ni n‘gjggbbé 3395'0 angir 3@?@? é‘ﬁ‘ﬂ Bfﬂéff- mdﬁ?ég <§"°°ﬁﬁee W/&%ment
of r heurTB$|mLﬂiaﬁd§dthr mitiplexi amalyabs (blﬂ nargalcgntahceaeéIp livestalRWI! @S&ifinatibniof

pr oi nflam*rang é}agnvll rtong(e | Eh be  di II n UI shed from tunor environments
that may PEECHUPLEEEFYVEYIM ‘§P?t8 IR gt 5%( the presence of various
growts factors in conmbination with a pro- angl ogenic environnent. Culture

environnents for e hel. i el that refl ect these di sease or
physi ol og‘i‘c%fiu%@sé’ﬂa&ﬁtﬁ ﬁ‘fes&éﬁ”@iﬂ’&?el oped through an iterative process of

(a) i dEnt i fyi n'mére(ié agm?r’aamv@te relkm\\sﬁh |pt®m§mm%rdg?%gb;%gmlg§+%@8ﬁ?@l90
site. For arizing arthritis

envi ronne?ﬂcéﬂ%ﬁ?tﬁﬁl Waﬁégpff’"fﬁ@'og‘nﬁ’ Si nSeyfitk AfhCINger geeats ?tlfm‘iatel%

| L- 10, | Ldifférentidfidnl aRdaimdleC&dfeﬁ‘éﬂdm P Ihalighant ke sihcluding: @Bﬁoldéﬁovmouls-

o, Gnes 3t aaies FoneminD @I, 1904.gnoCaP BochEin SRR T 1 AldiEins

The di seafeﬁn@t)\acrd)ramag@mihathn@jdey differentistionz gite$ @ninigis rﬁeloi(dom]bMe lyipicali a,

VEGF, f|br| nogen. and, TG-- R (Senger., 19 nva i on as

Shwe! ki ot et RSSAE binrRlb DR R LB, ARRS. smin Hiekiatet e
a set of 3136(8&th 8).38)t iﬁq;entmmaldﬂsnulétesdlffEMtlamre aknowh dasilpeletected using

di fferent at ed e.ar the factors identified in (a),
or paranet{%ﬂéc}/qai@ltf ﬁasaé(aﬁ’ég r%ﬁ%?‘été‘”tyrecept ors, chenokines, etc.
that 2&re known to be di fferentlal |y expressed by angi ogeni ¢ endot hel i um 10

a]'E tgﬁ d'%eﬁggptglsé%?tun;rohree%%o{mPfal'cg s! ude the expression of functional forns
of adhesi

The present invention can be applied to the identification of compounds that induce
apoptosis of tumor endothelial cells. For this application, environmental conditions that
induce a tumor endothelial cell phenotype on cultured endothelial cells are selected.

30 Typically these environments are proangiogenic and contain a variety of growth factors,
such as TGFB, VEGF and basic FGF, as well as other tumor or other cell derived factors,
where these factors can be used in the assay combination. Tumor endothelium differs from
other endothelium by increased expression of o,Bs. A set of conditions that induce
apoptosis of these cells is evaluated and a set of parameters that defines a biomap

35 diagnostic of apoptosis is identified. Apoptotic conditions are identified as those that induce
DNA laddering, and other well described features. These include simple culture conditions
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wi t h cheniptitey apyromote angiogenesis including VEGF, FGF, IL-8, IL-4, various extracellular

matrix components, efc., where at least 2, usually at least 3 of these factors may be used in
an assay combination. Physiologically relevant states in vivo are complex, containing
30 combinations of factors and other conditions. The environment of rheumatoid arthritis, in
which angiogenic factors are present in a proinflammatory environment, can be
distinguished from tumor environments that may be characterized by reduced oxygen and
the presence of various growth factors in combination with a pro-angiogenic environment.
Culture environments for endothelial cells that reflect these disease or physiological
35  environments are developed through an iterative process of (a) identifying factors that are
known to be expressed at the disease site. For example, vascularizing arthritis
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ar e i dentddvekgbelly These include reference biomaps from cells treated under environments that
include known drugs that target specific pathways, as well as reference biomaps from the
analysis of cells treated under environmental conditions in which single or multiple
30 components are removed. For example, for an assay combination representing endothelial
cells in a vascularizing arthritis environment, reference biomaps are developed from assay
combinations in which single components (e.g. VEGF) might be removed. Reference
biomaps are also generated from cells containing genetic constructs that selectively target
specific pathways. In this way, a database of reference biomaps is developed that can

35 reveal the contributions of individual pathways to a complex response.
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normalize the results with the results froma basal culture and/or the
basal cul ture including thédmrATORS OFIBONEXPERI MENEME. EXAMPLE 1.

ECLATCRS, O R e e 35 s AP e B o
osteoporosis, atherosclerosis, and rheumatoid arthritis, all situations where undesired bone
destruction, bone formation or morphogenesis occurs. Bone-forming osteoblasts are
derived from a common precursor in bone marrow that differentiates into osteoblasts or
adipocytes depending on the differentiation environment. Factors associated with

25 osteoblast development include estrogen, bone morphogenic proteins and TGF-p.
Differentiation of osteoblasts is associated with the production of alkaline phosphatase, type
| collagen, osteopontin and the ability to mineralize calcium. Factors associated with
adipocyte development include FGF and glucocorticoids. Differentiation of adipocytes is
associated with their production of PPARy2, lipoprotein lipase and leptin. Optimized culture

30 environments are defined for the relevant disease or physiologic states as described above
and a set of parameters that distinguish adipocyte and osteoblast differentiation are
selected. For screening compounds for inhibitors of osteoporosis, test compounds are
screened for their ability to promote osteoblast development in the relevant disease
environment. For example, in the case of older women, that would include low estrogen

35 levels; in the case of autoimmune disease patients on long term glucocorticoid therapy, the
environment may contain dexamethasone, and so on.
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nodul ated in vivo in the disease environnent or condition; 2) paraneters
t hat ar e Régulabocudfdieraatbyoiesie of the conponents in the assay conbination;

3) v aneter s 3Rl TBEML 37 SuRpIoS, bE Hhoi Bt SRemamBY s ebt 1o,
of twes orfibroblestin opieoblastic, ion atiipecyie slifferertiatitn, reaich @ssodigted ith TRl atteais
Dar 1 Pobe g DRC BB iRl SHPLE ARt cbogPRSeb 5L ©
parameters that identifies various lineages of hematopoietic cells (e.g. erythroid, myeloid, T
versus B, NK|, etc.) are selected. Compounds that alter the differentiation of selected cell
types are selected by their ability to produce biomaps characteristic of that population.
30
KITs
For convenience, the systems of the subject invention may be provided in kits. The
kits could include the appropriate additives for providing the simulation, optionally include
the cells to be used, which may be frozen, refrigerated or treated in some other manner to
35 maintain viability, reagents for measuring the parameters, and software for preparing the
biomap. The factors will be selected that in conjunction with the cells would provide the
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15 functional and are downstreamw t hin signaling pathways, so as to
provide information on effects of nmultiple pathways. For assay
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exam ned and chosen by these criteria include ICAM1 (CD54), VCAM1
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nmodul at edinclde e@a:t@rr&ﬁnt&héraa&ﬁ ScomB‘ﬁQﬁdn%t {oP tohfpaiSén. " Oﬁ'\égtsoi%are can
reproduci bl e. th in inflammtion, 1nvolved for exanple in ce uIar

r enodel i n5°rm?"ﬁ%h'ﬁ rﬁéatsa‘g'“\‘/\f@lel resutsfrom EGH%@HEW@@@"&T thekasal eylture inghidings
apopt osi stheRa¢tapget ers of interest also include paranmeters indicative of
cell damage and apoptosis including released cytoplasmc |actate
dehyd?%genase (LDH) or mtochondrial 30 cytochrome c, appearance of APQ2.7
epi tope or active caspase-3 (Zhang, kperiENRL! - 157: 3980, 1996; Bussi ng,
Cytonmetry 37:133, 1999). Paraneters indicative of cell proliferation are
al so of interest and include Ki-67 aR$AWRERAl.(Landberg, Cytonetry, 13: 230,

1992). Strategi es ReGUORIOREIGH ENBOTRELIASERIRESSONERE TG UAAATISR! ecting only
one of any gro_g 35 of ararret ers that are co-regulated under all assay

conbi nati ons %fpé‘?‘?:ﬁﬁ‘ﬁl Yanjor df diseiundor ientitvingeregulaiere ofr flammetion singy

rel event humamendbrAGICcels05E SH mﬂfcﬁfo?réé'nt gél yAs@tQﬁtés@g c%%bmt%é%ﬁ%
PCT/ US01/ 07190 ar anet er i-ve robus r od um% le results In
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wher eas biﬂflémhﬁtd:@pﬂj‘cdséésqsaéeelggéd’mg}#}oat ed under the assay conditions
descri bed, det CtIO of ﬁéathe cell -based EL| SA _as descri bed above is

nore robust, %’F‘@‘Fy | yeiey endothsliah galls (REVEGL arq wsads Oihpt FefisAbat set

of 5 par amay%rﬁaceHQUVE@rlﬁlﬂﬁiﬁfreéehcmlé Ipﬂ?négtm@%vaadﬂéﬁérﬂﬂmellﬂ%feﬁﬁ%csormy
be added t t to stingui sh _assay conbi nati ons

ar ane
Chat fbousteriol spPlieldl ool BERRdeiErtalyfet stioh BF Eawald ScEpir 4520 calk
l\/!c cr oscolpcbrc hodhs&rfélﬁnheﬁasélaévérﬁfﬁtdntils’nﬁ@de‘-éﬂpﬁéss Y ST ce%b'(%ﬁnmbﬁé e.s'lng
of cyt op asm c su e as.|lactate de genase, can be neasure
as an i ngiygle @fﬁ}gxfgcqzt;ﬁ "iﬂorC%sz'aﬂ%?'@s'chéﬁss 1988 eN@pghdiBid Cham.
iaolhea ?n Cz&zd 281411098t 2101 PFadells/anhireé egltired t‘o%dnﬂ@@rhde |ﬁ(ﬂ@\ﬁJ2CICIo%@ﬂcé)0mlhé’f e
0SS O eSSI on in t fromthe
pl at e. Th'@?é’?ogé 'Ef%fef’léc%la%@@f% 'Y%‘éé%%éﬁ@ (%ﬁ?ﬂe(g'ﬁ%n?'ﬂ%r ?fﬁs B gpggium
de- ?da:sesiwppleﬂmt@d(pﬁm ent Mg/ onésieid  Bid FO.gBH0D5L And/fal ldnldUﬁ'kﬁéllt €elf Powth
useful ness o on in co nd._screenin | cat i ops.
Fi gure 18 [ﬁxgen? I‘E& P;S@&Gd%?%g Q€ mediyim WH%S (Elfe ﬁ'echnologgfe c.) containing
20% fetal bovine serum and 2 ng/ml basic fibroblast growth factor (Jaffe, J. Clin. Invest.
52:2745, 1973; Hoshi, PNAS 81:6413, 1984). The disease environment present in chronic
inflammatory diseases, such as Crohn’s disease, differs from the normal condition by

30 increased presence of multiple biologically active agents including IL-1, TNF-a, and IFN-y
(Woywodt, 1994; Kakazu, 1999). Other biologically active agents that may be increased in
chronic inflammatory disease environments include IL-4, IL-6, IL-8, IL-12, IL-13, IL-18,
TGFbeta, and histamine, as well as activated leukocytes and their products (Daig, 1996,
Gut 38:216; Woywodt, 1994, Eur. cytokine Netw. 5:387; Kakazu, 1999 Am J. Gastroenterol.

35 94:2149; Pizarro, 1999, J. Immunol. 162:6829; Monteleone, 1999, J. Immunol. 163:143;
McClane, 1999 J Parenter Enteral Nutr 23:S20; Beck, 1999, Inflam. Bowel Dis. 5:44).
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15 confluent cultures of HUVEC incubated with either of TNF-a (5 ng/m),
IFN-y (100 ng/m) or IL-1 (1 ng/m) or basal nediumfor 24 hours. After 24
hours, culgouies7@se washed and eval uated for the presencem@iudoerio
paraneters ICAM1 (1), VCAM1 (2), E-selectin (3), IL-8 (4), CD31 (5),
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(e.g apoptosis. Parameters of interest also include parameters indicative of cell damage and
apoptosis including released cytoplasmic lactate dehydrogenase (LDH) or mitochondrial
30 cytochrome c, appearance of APQ2.7 epitope or active caspase-3 (Zhang, J. Immunol.,
157:3980, 1996; Bussing, Cytometry 37:133, 1999). Parameters indicative of cell
proliferation are also of interest and include Ki-67 and PCNA (Landberg, Cytometry, 13:230,
1992). ‘
Strategies for optimizing the parameter set include: selecting only one of any group
35 of parameters that are co-regulated under all assay combinations; preferentially selecting
parameters that are functionally relevant to the disease process; preferentially selecting
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15 increased expression of |CAM1, VCAM 1, E-selectin as well as HLA-DR and
MG. However, a particularly useful feature of the invention is that the
conbi ned phenakyPs 1S observed over a wi de range of concetmgdon@n®eof the
i ndi vidual biologically active factors. The results in Figure 1 B
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the 0 nm shown along the y-axis. The mean +/- SD from triplicate samples is
shown. The assay combinations shown in Figure 1 are useful in screening compounds that
modulate TNF-a, IL-1 and IFN-y signaling pathways, however, compounds must be
evaluated separately in all three assay combinations to identify compounds that selectively
30 modulate one or more of these pathways. In addition, compounds that selectively modulate
combinatorial effects of these pathways cannot be distinguished.
An assay combination with improved usefulness is described in Figure 1B. Figure
1B shows the readout patterns from confluent cultures of HUVEC cells treated with TNF-a
(5 ng/ml), IFN-y (100 ng/ml), TNF-a (5 ng/ml) + IFN-y (100 ng/ml) or base media. After 24
35 hours, cultures are washed and evaluated for the presence of the parameters ICAM-1 (1),
VCAM-1 (2), E-selectin (3), IL-8 (4), CD31 (5), HLA-DR (6) and MIG (7) by cell-based
60



conpounds or interventions to the assay conbi nation. Biological responses,
particularly responses in primary human cells can display significant
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(4), CD31 (5), HLA-DR” (6) and MIG (7) by cell-based ELISA performed as described in

Figure 1 and are reported as the OD at 450 nm. The mean +/- SD from triplicate samples

are shown. * indicates p < 0.05 comparing results obtained with the two separate
30 conditions. Addition of IL-1 to the assay combination containing TNF-a and IFN-y results in
increased levels of E-selectin and IL-8 (shown in Figure 1B), in addition to the increased
levels of ICAM-1, VCAM-1, HLA-DR and MIG. E-selectin and {L-8 are particularly
correlated with disease stage in chronic inflammatory diseases, including inflammatory
bowel disease (MacDermotit, 1999, J. Clin. Immunol. 19:266; Koizumi, 1992,
35 Gastroenterology 1992103:840). Thus an assay combination containing IL-1, TNF-a and
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paraneters and assay conbinations that can optimally distinguish nultiple
pat hways of interest. Active conpounds are chosen on the basis of their
ability twoditgtioshe resulting biomap when included in amglewphethoassay
conbi nati on. Such alteration may include returning the |evels of one or
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reference biomaps for each assay combination. The set of parameter measurements under
each of these conditions comprises a reference biomap to which test patterns can be
30 compared. Figure 2B shows a visual representation of this data, where the measurement
obtained for each parameter is classified according to its relative change from the value
obtained in the optimized assay combination (containing IL-1 + TNF-o. + IFN-y), and
represented by shaded squares. For each parameter and assay combination, the square is
colored light gray if the parameter measurement is unchanged (<20% above or below the
35 measurement in the first assay combination (IL-1+ TNF-a + IFN-y)) or p > 0.05, n=3;

white/gray hatched indicates that the parameter measurement is moderately increased
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treated with TNF-a (6 ng/ml) + [FN-y (100 ng/ml) + IL-1 (1 ng/ml) in the presence or

absence of neutralizing anti- TNF-a or control antibody (Goat anti-IgG). After 24 hours,
cultures are washed and evaluated for the cell surface expression of ICAM-1 (1), VCAM-1
(2), E-selectin (3), IL-8 (4), CD31 (5), HLA-DR (6) and MIG (7) by cell-based ELISA
30 performed as described in Figure 1. In Figure 3A, the relative expression of each
parameter is shown along the y-axis as average value of the OD measured at 450 nm of
triplicate samples. The mean +/- SD from ftriplicate samples are shown. * indicates p <

0.05 comparing results obtained with anti- TNF-a to the control.
Figure 3B, is a color-coded representation of the biomaps developed from the data
35 shownin A. For each parameter and assay combination, the square is colored light gray if
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IL-1 (1 ng/m) in the presence or absence of agents or buffers at the
concentrations indicated in Table 1. Conpounds are obtained from

comer ci alvasAuwse®s and prepared in a 20 suitable buffer (watewsoiba®e nedi a,
DMSO, nmet hanol or ethanol). After 24 hours, cultures are washed and

eval uat edtheqrarametet ﬁidas&tﬂrﬁeﬁtﬁ% mﬁhéﬁ Dgzoga‘ ad@%"dl\r/libce;(ogn)? gheVﬁ‘éﬁ\é‘u?erﬁ%at in e
an by cel I - based

selectin (3), IL-8 HLA-
ELI SA per érég ﬁé&%@%@@éi’“ b(Eﬁ t rT NE-¢yut éFli-v))Aorcel drl. @9 ded:r whitedgrapt katehad of
the resul indieetditRamRs péﬁmt@ﬂﬁ@bsufrérﬁéﬂtt;@ﬁoé@ffaﬁe 59 ﬁcéaew(>2’6% b&%ﬁog%m&et er

and assay, conbi nati on, the square is col ored 8 | f ar anet er
nmeasur envej'C??Sutﬁér%ﬁﬁ@'@ﬁte(Wm '6r5tr869|hS\AF‘Qrﬁ%§edn€§ b eblapi/oray hatehed

control amaRutesORBt i paranictdr rhaasUNEmanttis! idHeritedOdedieasel- (Q%%‘b%.t <50%g1

white/gra hatched indi cates that the paraneter neasurenment IS der at

i ncr easedPlagpgnatgsth %@b%ar%wt?@nemr%ra@@@s sienghudearersad (ﬁﬁﬁédﬁﬁibﬁm thes

strongly ||e0@|rrﬁ@§5@¢ed qﬁmwst gggg}ggé,gglﬁgtIMt ched indicates that the paraneter
measur enent i s noder at el decreased (> 20% but <509 ; bl ack indicates

that the parant®hibit Oﬁééé‘{l%l@nMﬂP Kinasesend gioy-stereidakantisdlamssow Ideegs are antivene

| evel meagyh I S

I ncl ude an alf)(g)hrﬂ(gipg)r":i gﬁeéﬁém%eedn%éﬁrIc%hbﬁ%ﬁﬁg&%{f‘?hg%%b uf'?'éerre 4&%%%? ‘8‘%7103
PCT/ USO1/ of7ass@ying genduent criitires of ¢8RO pellsstreatechuith (TNPar 4bragénls + [FNfyi 1Q0or

sterne 5 08 iat (CRBU.HIE Rrebofoslyrantatied of (AT 1M B, 2004 BOTE S5
2. 50 ME$S?7@VHRDAGBOBO o (B) 125 Arg00opdVi dunirofbd3  NEamsdurde yare aested bt A% highestEM
Cor t 605t ETGRIIER SOAIGHL R HER Sotb/osand i AR Fesil mcelitat ioxsy br oss b ey
716 Dexankomahersate. 2Aftéd 24 faurs, tultufes are aakesd aAd &?)u%ﬁ%?tﬁ@?ﬂﬂ@urgadggzM
bt SoreSS AP RURER O ST T SR8, L ) P L BB e s
Mi# <# #HGHT) byCeel-bassd ELIGA ﬁélrﬂonlﬁéedau delsorteed @0 Figurd/! Cor Ai @aﬁﬁ-&ﬁdﬁcﬂ
242, P e ool 2Bl B 05 MhRet SR e IR 2% i At s,
#HHt + a@sayNzttnumﬁdatldﬁr aldel Glqulre  fscbolor@delight . gidy o #vésﬁar##ﬁé? med&iremaht is
Pr oduct 9t?nc %ngeéa %%/1 a%gveo/oplgélg\gv%e Fr;{e%suremen mEﬁ‘\e firs assay combmailon (IL-1+
20 TNF-a + IFN-y)) or p > 0.05, n=3; white/gray hatched indicates that the parameter
measurement is moderately increased (>20% but <50%); white indicates the parameter
measurement is strongly increased (>50%); black/gray hatched indicates that the parameter
measurement is moderately decreased (> 20% but <50%); black indicates that the
parameter measurement is strongly decreased (>50% less than the level measured in the
25 first assay combination).

In the present example, Figure 4A shows how addition of the NFkB inhibitors
nordihydroguaiaretic acid (NHGA) (Brennen, Biochem. Pharmacol.,, 55:965, 1998) or
pyrrolidine dithiocarbamate (PDTC) (Boyle, Circulation, 98, (19 Suppl):11282, 1998) to the
optimized assay combination results in altered biomaps that are distinct from the altered

30 biomaps obtained with the p42/44 MAP kinase inhibitor, PD098059 (Milanini, J. Biol. Chem.
273:18165, 1998). Active compounds that act with a similar mechanism of action as NHGA
and PDTC will give a biomap that can be distinguished from active compounds that act with
a similar mechanism of action as PD09805S.

Obtaining biomaps from drug compounds tested at different concentrations also

35 expands the usefulness of the database. In the present example, ibuprofen gives visually
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v H>' >ddta rafdgbeniédn bosdidigglr 0 uai aretic acid (NHGA) 0.63 Ms' NFKB 720
PAO 50.00 M $##: |~ NFKB 231 PDTC 200.00 M NFKB 233 PDTC 200.00 M NFKB 234

PDTC 200.00 M Beferencebiomaps,froqagsay sempipgtionsihaignciniefsowi dmigcospapnds,

100. 0G5 14agehtsHor witlrtoithet3sp it (md&ificdlidnM dfe .deVBfbed <R ciddidn AR T dafhpale M
##c # ND _NFKB 724 PDTC 50. 00 |\/| ND ND ND NFKB 236 PDTC 50. 00 am NFKB 728

PPV 18 2. BEMaPRHieE these Bsiay gombipatiqps are deygipped amagiongxpgng thepusgfulness aisal D

131 | buprpbetdtde 0Gaé t&Hidivs Q\'ﬁﬁ'd'f)a Sﬂtsbweé&ﬁcemoélﬂgat%s Mvﬁﬁuat%ﬁ ﬁ\clula%%
MAPK 730 SB 203580 80, 00 M, zr F%Mﬁ SB 20358

ND p42144Naspi(ioysteinspiiaseds, 68' 710 ipl. 2732 ﬁb%ﬂbm&é?%l\/ﬂm&%@@mw

9.30 M Nw&@meﬂ%soﬁé%ﬂl%rm%l&i’é é%%é&@%A%ﬁﬂQL%#J m#ﬁédeDlsaO‘éaé%d\ﬁgK
224 PDO98059 %B p42/ 44 MAPK 723 PDCO

9.00 M # %P'ge@%t( rmtsen, Mzﬂmf’%%ﬂﬁ?%&%%Qow'fwquua!@fm agid XNHGA),
SSSSSS (Brennen, Biochem. Pharmacol., 55:965, 1998), phenylarsine oxide (PAO) (Dhawan, Eur. J.

Immunol. 27:2172, 1997), pyrrolidine dithiocarbamate (PDTC) (Boyle, Circulation, 98, (19
Suppl):11282, 1998), PPM-18 (Yu, Biochem. J., 328:363, 1997), the non-steroidal anti-
inflammatory drug (NSAID) buprofen, SB 203580, PD098059 (Milanini, J. Biol. Chem.
15 273:18165, 1998), AG126 (Novogrodsky, Science 264, 1319, 1994), and neutralizing anti-
TNF-a antibody. Color-coded representations of the resultiﬁg biomaps are shown.
- Confluent cultures of HUVEC cells are treated with TNF-a. (5 ng/ml) + IFN-y (100 ng/ml) +
iL-1 (1 ng/ml) in the presence or absence of agents or buffers at the concentrations
indicated in Table 1. Compounds are obtained from commercial sources and prepared in a
20 suitable buffer (water, base media, DMSO, methanol or ethanol). After 24 hours, cultures
are washed and evaluated for the cell surface expression of ICAM-1 (1), VCAM-1 (2), E-
selectin (3), IL-8 (4), CD31 (5), HLA-DR (6) and MIG (7) by cell-based ELISA performed as
described in Figure 1. A color-coded representation of the resulting biomaps developed
from the data is shown. For each parameter and assay combination, the square is colored
25 light gray if the parameter measurement is unchanged (<20% above or below the
measurement in the control assay combination (IL-1+ TNF-a + IFN-y)) or p > 0.05, n=3;
white/gray hatched indicates that the parameter measurement is moderately increased
(>20% but <50%); white indicates the parameter measurement is strongly increased
(>50%); black/gray hatched indicates that the parameter measurement is moderately
30 decreased (> 20% but <560%); black indicates that the parameter measurement is strongly
decreased (>50% less than the level measured in the first. Control assay combinations for

each agent include an appropriate concentration of the diluent buffer.
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Readout patterns are analyzed by

hierarchical clustering techniques, and are visualized as a tree diagram in which a) each

terminal branch point represents the readout pattern from one assay combination in one

experiment; b) the length of the vertical distance from the upper horizontal line (no change

and control patterns) to the termini are related to the extent of difference in the readout

pattern from the control environment pattern; and c) the distance along the branches from

one terminal pattern value to another reflects the extent of difference between them.

Similar patterns are thus clustered together.

Compounds that inhibit the NFxB pathway, such as the 5-lipoxygenase inhibitors

AA861 and nordihydroguaiaretic acid (NHGA) (Lee, J.Immunol.

158, 3401,

1997),

pyrrolidine dithiocarbamate (PDTC) (Boyle, Circulation 98:(19 Suppl):11282, 1998), PPM-18,
a chemically synthesized naphthoquinone derivative (Yu, Biochem. J., 328:363, 1997) and
the flavenoid apigenin (Gerritsen, Am. J. Pathol. 147:278, 1995), have similar reference

biomaps and cluster together. The corticosteroids, dexamethasone and prednisolone also

yield a set of related reference biomaps that are distinct from those of NFxB pathway

inhibitors.
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of action of candi date conpounds, so as to know whet her conbi nati ons of
candi date conpounds act on the sane pathway or different pathways, their
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EXAMPLE 2.
MULTIPLEX ASSAY COMBINATIONS FOR DISTINGUISHING MECHANISM OF ACTION

The following example demonstrates the utility of the invention in identification of the

30 mechanism of action of a test compound or intervention identified in the optimized assay
combination of Example 1. This assay combination is included in a panel that contains
specific and targeted alterations. A neutralizing antibody to TNF-a was selected as a test
agent, as it is active when tested in the optimized primary assay combination of Example 1
(Figure 3A). When the test agent is evaluated in the panel of assay combinations, it can be

35 determined if the active compound is acting on a component(s) unique to one receptor-
stimulated pathway, or on a common pathway component or pathway activity. The
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pat hway but not on the IL-1 or IFN-y pathways. Figure 5 al so shows the test
conpound is distinguished fromactive conpounds that target nultiple

cyt oki ne @ignalktig pat hways, such 15 as the NFKB i nhi bi t gigyuddidefoand
AA861. The mechani sm of action of the test agent is acconplished when
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denonth r AthetfxR isbbitpiseNEIGH anchdABhbsent invention for identification of
mechani sm of agfd %cﬂénlﬁnto‘?ﬁt:tlcﬁ'gﬁ‘%e%ﬁgérﬂqs Qécd'ﬁﬁh erdd \Xlﬁeﬁl%ﬂﬁcal ?I n?aé)s

reconbi nant fusion protein containing t extracel IIuI ar donal ns o
TNF- a - r etrepbiringd from assaymanmiingtions icontamingithedest 4gemb ard assay mmhuneﬁqnsm

is sel eCté‘éjhe??l %Q‘r&ﬁt Iky,swncéﬁéﬁfﬁk!n%txymﬁﬁs lfS é’%sbgy tcP RbMRLSA %ﬁ%ﬁ'@g hles

conbi nation 1 (Figure Oonf uent ‘cultures of
are treatetolive H'NFNFf@rT( Hengrimily assay¢ombinedion mgguils)in-the Isame(Biomag/asd thei n

e DaE el o RS BaMpu R e e B b BT S 1
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Do o3 RO g e S e ey SRl BRSSOl 3y eprc
OD neasuredlis a&ire 42atethwith TNFip(5 nghd), ﬂammt@ag/nim@ﬂmnaﬂdg afiBody against the
TNF-a receptor p55, or media. After 24 hours, cultures are washed and evaluated for the
25 cell surface expression of ICAM-1 (1), VCAM-1 (2), E-selectin (3), CD31 (4), and MIG (5) by
cell-based ELISA performed as described in Figure 1. A color-coded representation of the
resulting biomap, prepared from the data is shown in Figure 6, coded as described in Figure
2B.
Figure 6 shows that among the physiologic and alternative activators of the TNF-a
30 pathway, the biomaps resulting from cultures containing either |L-1 or an activating antibody
to p55 are not sensitive to the test agent, whereas the biomap resulting from cultures
containing TNF-a is sensitive. As TNF-a is the most upstream component of the TNF-a
pathway that is sensitive to the test agent, it is involved in the target pathway step of the test
agent.
35
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fromtriplicate sanples are shown. * indicates p < 0.05 conparing results
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25 hours, cultures are washed and evaluated for the cell surface expression of ICAM-1 (1),
VCAM-1 (2), E-selectin (3), CD31 (4), and MIG (5) by cell-based ELISA performed as
described in Figure 1. A color-coded representation of the resulting biomaps prepared from
the data is shown in Figure 7C, coded as described in Figure 2B.
The p55-Fc fusion protein as a test agent evaluated in these assay combinations,
30 alters the biomap, as shown in Figure 7B. The biomap in the assay combination containing
TNF-a alone is altered, but not the biomap in the assay combinations that contain IL-1 or
IFN-y alone. This result demonstrates that the test agent acts on the TNF-o. pathway but
not on the IL-1 or IFN-y pathways.
Figure 7C shows that among the physiologic and alternative activators of the TNF-a

35 pathway, the biomap from IL-1 is not sensitive to the test agent, whereas the biomap from
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surface expression of ICAM-1 (1), VCAM-1 (2), E-selectin (3), IL-8 (4), and MIG (5) by cell-

based ELISA performed as described in'Figure 1. A color-coded representation of the

25 resulting biomaps prepared from the data is shown in Figure 8, coded as described in

Figure 2B.

Figure 8 shows that the test agent alters the biomaps derived of assay combinations

containing IL-1 or IFN-y, but not the biomaps resulting from assay combinations containing

TNF-a.. This result indicates that the test compound acts through a pathway that is distinct

30 from the IL-1 and IFN-y pathways but that cannot be distinguished from the TNF-a pathway

in these assay combinations. To confirm that the test compound acts through the TNF-a

pathway, and to identify the pathway step targeted by the test agent, the test agent is

evaluated in assay combinations that contain known inhibitors of the TNF-a. pathway. The

recombinant fusion protein, p55-Fc, is an example of a known inhibitor of the TNF-a

35 pathway.
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DRUG | NTERACTI ON SCREENI NG The present invention is useful for analysis of
conbi natorial drug interactions. Drug interactions occur if the presence
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of Exarrple t tures .o |1s are at.ed
wi th TNF- ad%%é 'Eéét% trﬂ?%éﬂ??ﬁ?ﬁ%@&?%ﬁ? test a9‘imv%e Eb‘;)aiﬁ AP Béﬁi'fetﬁ?wo
I L-1 (20 agphtrddes nottinduds Beaas FNBrq.absence of neutralizing antibodies to
IL-1, TNF-a or the conbination. Antibody concentrations are in excess as

i ncr édsed concentrations of antibodies does not further alter the bi onaps.
After 24 hours, cultures are vvashed Braipeval uated for the cell surface
expressi on of | CAM 1 (1), VCA % E-sel ectin P‘§ﬁe IL-8 (4), 5 CD31 (5),
HLA-DR (6) and MG (7) by cell %'é' E'?fl?IT@\\'%e:ﬁEH d as described in Figure

1. I'n Figure Ifife pﬂé@erﬁﬁh@énﬂéﬁ iCYSTAITOF rinlfis ERIMbdREtENER oAlig inferadiioNns. Bhuand
t he y-axi.s, as . avera g‘al ue of the GD rreasuwg{d at 450 nm of tri Ilcate

sanpl es. IgLAGHgns, o¢pUr IS presengs phiwa. drugs PEoFHCES areadeiFRaPonseratiern. ol
showsoa anbraap cife@nt ROmaness [&bd@cﬂedqu éither cdsmp‘wﬁd él@wé)incamap e6mBinatort.r om
t he data coded as escr bed I?é} Igure 2B. Fi 10ej ? nstrat es that
when sat ur'&eF AFY, 886’? SPENGRY agleeyiar tﬁ@?fsr‘é{'l "i Ryt p8a% Eeﬁ%p'”ﬂq,dc%la and
| h 1 are aanﬁ.maﬁcblm;wphémypaghhhs dmganarmcpgimbmlauy prﬁymoaogtmauyaptwesepwheawed
that is eent t.he I omap..obtaln ass

oot ai o frerRa Rt &SR, ot CHaY PRt oy Heve By iR s o RSN S REtS: B o
provi ded waticts @haro@mpwn(i enhancds CrosuppRéssas Itlﬁmsffect%maﬂumds oh aparaf@tdriori n
simlar bioma are qg?atlc of inhibitors that \FI%Et bo htheIL 15{

and TRF- aPap‘i%H' sys?’ra QTSRO ANY sy dpply & ’B?'S ug interacigngte m,
for scrahailegl fofrintactiidias patrgudyshi Ingeradtioh mayibei bereficial if resulting combined

activity is desirable; alternatively, interaction may be detrimental if the resuiting combined
activity is undesirable. The desirability of a particular drug interaction activity depends on

the context. For example, a drug combination that results in increased toxicity compared to

30 either drug alone may be undesirable for an anti-inflammatory therapeutic, but desirable for
a cancer therapeutic. The present invention is highly useful for distinguishing combinatorial

drug activities since the assay combinations described are designed to measure the
outcome of multiple signaling pathways and their interactions. ‘

A neutralizing antibody to TNF-a and a neutralizing antibody to IL-1 are both active

35 compounds when screened in the optimized assay combination of Example 1 (Figure 10A).

Confluent cultures of HUVEC cells are treated with TNF-a (5 ng/ml) + IFN-y (100 ng/ml) +
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EXAMPLE 6. DRUG | NTERACTI ON SCREENI NG 20 The present invention is useful
for the identification of drug interactions or drug conbinations that are

benefi ci alvo fias7lobe present exanpl e, the NFi B inhibitor PRMdi&soietioe M
(Yu, Biochem J. 328:363, 1997) and the tyrosine kinase inhibitor AGL26 (25

M (Novomrpgakig/mfiGh Qﬁ@ﬁre@@ﬁce 3r3dtendd Qﬂﬁe@faﬁzﬁ%aht@ﬁﬁ% IEATAREOL Sy WMaen

screened in the assay conbination of ure 11A). Confl uent
cul tures ?ﬁmm ce‘brvt@oav COPSeRtratigne Arg, INhEXARES AS( mcrﬁﬁsmi)concemtpnéwo

ng/m) + élhrbbd(egQid&/ A8t furttertdh@r Eﬁeeﬁi%ﬁfaﬁsorAftéfl@qeﬁ&ﬁs Oéulﬁjhé’s Aré"APRb dhd
AGL126 (25 PPM 1 %@M or the conbination. After hours, cultures are

washed an@vaated far dhe wizge expression PhHICAM: [!)?)ey@r%/h" 6?) Fesalectin (3)) 1L-8 @bam 1
(2), EBsetpeiis), (—@%—DRL(Gﬁar(qulG g‘??iyré&)basbﬁétm b@ﬁforﬂ@?ﬂ a4 @s@?%acﬂh Figure

cell-baseﬂ ELI SA forrre as bed in ure 1. The rel ative

expressi oh @éﬂﬁ% rtBenEtiaive expeessignRireach Hﬂrﬁﬂ?f@r is1shond 3lorg Meey-xisias of

the OD neagiagslvate 65@|er(5[') @leakliier dt 480 AnPerTRpIRAte sahh|fledTERE ban PR I /B
triplicate sanples are shown. Figure 11 B shows a col or-code

repr esent@f’"‘iﬂﬁngéﬁ AEss §howmg THoWRa B Shewa e golor-eedach EeRiesentation defdthes

descr i bedrestiitingribitfigbs2Frephredtfiing tiex aaml ddel 3N @schSEE MNEiGald 81S F@réhbber
drug (2-fold) when tested alone 35 result in cellular toxicit oget her,

howevt , deraonstistasnivel whed satralingsconsentyations ofthe neyiralizing @n or BNF-ens

produces [ idi
P oaces OB geh AT GIoraNTh B Bombhal S BEdPls WBnednle |

cel I's (Figflierent from) theripiomsare sbiainedyky affay eorabipatians, cotaningeaachntest egont

syst em f OhqHRILER), 'eOQn {Hough eFPRE KNt AE pwd%ltéstumﬁqa (e*d%@ )Qfoheénﬁra%né\lﬂ B,
or with tyrosiné kinase |nh| bitors to produce a desirab Reno ype,

wi t hout re@upeunds that reaylt ini sipilar biqrears,are gliagrastio of mbnmab@ the IL-
ENDUFHEL' *P"apglral: EG%E?U eegé TﬁléA‘H'ééBﬂ §yd 1o S LnbAdRETL QhoviBies Bheskay eﬁyF’Eéﬂmféron

is applied I ng of "conpoun for use'in treating ergic

i nf | amrat $rgenieg foo aed slistingwishing sucheingipitorsst hma, at opic dermatitis and
chronic 10 inflammatory di seases di sposed towards aTh2 phenotype or

nodul ation of Th2 type i mmune responses. Primary human unbilical vein
endot hel i al cells (HUVEC) are used. EXAMALEC®I | s that may replace HUVEC in

arteriolar endothel Lal ool | arueqee Al SHEERNG 05 Loh o EAy926 or
E6- E204- 5- 2G cEhe presenbinveoiirinist esefudfionshe identiication ofeisug iinjeraskonsxer duigi ng
Car ci nogeaifedhs SR Benentil, ESPHE respne il mg PR BB BEM 18 62 o
cell s/ mpMYy €&/ uBibcherd §.0328863, U297 and tEENYDsiOE] ldmesei iakibitotOAG426 (25 puM)
(Novogrodsky, Science 264, 1319, 1994) are both active compounds when screened in the
assay combination of Example 1 (Figure 11A). Confluent cultures of HUVEC cells are
25 treated with TNF-a (5 ng/ml) + IFN-y (100 ng/ml) + IL-1 (20 ng/ml) in the presence or
absence of the tyrphostin AG126 (25 pM), PPM-18 (2uM) or the combination. After 24
hours, cultures are washed and evaluated for the cell surface expression of ICAM-1 (1),
VCAM-1 (2), E-selectin (3), IL-8 (4), CD31 (5), HLA-DR (6) and MIG (7) by cell-based
ELISA performed as described in Figure 1. The relative expression of each parameter is
30 shown in Figure 11A as average value of the OD measured at 450 nm of triplicate samples.
The mean +/- SD from triplicate samples are shown. Figure 11B shows a color-coded
representation of the resulting biomaps prepared from the data, coded as described in
Figure 2B.
In this example, higher concentrations of either drug (2-fold) when tested alone
35 result in cellular toxicity. Together, however, the combination of PPM-18 and AG126 at

non-toxic concentrations produces a combined cellular phenotype that is additive for the
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medi a that may replace EGW 2 include EGM (C onetics) and Ham s F12K medi um
suppl enented with 0.1 ng/m heparin and 0.03-0.05 ng/m endothelial cell
growt h 20wsuppkement (ECGS) and 10% FBS, or nedi um ML99 ( Lidreusbeetme! ogi es,
Inc.) containing 20% fetal bovine serumand 2 ng/m basic fibroblast

growt h faéﬁé’dt ohbidrhap lpéran@tér'% buﬂ!i@\%i toxictd: oell¢ frigurd /3(B) HOPhe Fré@éﬁtss stem,
81:6413,1 The foll ow ng are then applied for 24 hours; |L-4 Zy

ng/m), gr 96 RJOVIGRF FRESTAY CHStRR) Fﬂr)screr%fﬂ'%Bgre‘aﬂmﬂunsaﬁaﬁfssm%g@ %itr e
of I'L-1 (iAnhipaérgl of, NFEBYer (vileerthglk]ndsb iARibitetS to Srodiie JaesiEsié p@l@hbtype

tryptase, or fibronectin are added to the initial three factors or

repl ace owighast resliing e eellular texiciydar d concent rati ons of agents are errpl oyed
as desgcribed inthe literature. Based on the paraneters altered by the

i ndi cated factors, bionmaps are generated for the paraneters | CAM 1,

VCAM 1, E-selectin, IL-8, CD31, P-seF¥MALR 4nd Eotaxin-3. O her markers of

interest for addidgArers B?Ehb@f@lAL&ﬁLM%POﬁ@E@?@ KLL{ERGHHIQFWMA%@ Tarc, 30
MCP-1, and IL-8. Figure 12 shows bi omaps resul tlng* rom conf | uent cul tures
(

of HOWEC cel e Pr@a?@,-fdnwrtt'ﬁnuiaapl@gdorn@erﬂc;eenng compenpds farpse in seationd ) |
and/ or megliefgic Mfieimabry F&sbﬁsescgudwae%uagmmh@d aMEtﬁcS ephatfiseshd eﬁrohr&e

presence of the paraneters |CAM1 (1) electin (3

(4), @Dsl'n@%'?matﬁﬂééll'%‘@ﬁ'ﬁﬁ Ct‘%BOSSﬂcFWBEd&x?TD% P(“?ﬁ‘Otwe | mogyatien o Llf@Atype
per f or medmpsuriéaesparfed. in Figure 1. Figure 12 shows a visual representation
of the 35 resultl ng Dbi omapsplﬁarepared fromthe data, where the measurenent

obtai ned for R¥RAYIMMARYBPIF VeInAngothetal %@%GT'HVEQ) e ‘Hsteg r&lhgt eelis thatange
from the wayj ppiaftiaived uh Ifhet é’t@eéiﬁﬁél)ﬁde Eﬂm\é@ Mikfdladd s é?faaﬂéﬁgldeﬂz J&Quc or

combi nati on containin -4 + TNF-a and represent ed shaded
squar es. Wm@éceﬁdmﬁﬁ‘?%lﬁéﬂ%w %{Fﬁ?t@@h?ﬁ"d@ﬁﬁls%ﬁ AHFANYERE Qhﬁ 4-8-2% a§llsi f

the payangt ﬁumaﬁatéwm ré\fersé“ifahwﬁﬁéjse(é%@@@s \éﬁd&hemldéws t(éﬁnmons J.
measurenent in the first ass?f%/ nbination (IL-4_+ TNF-a S)) or p >

0. 05, n=3MMHMY.e/14BBP hatdHRe h"ﬁdl%?'@%gqr}?éts iB&73ar1 SR8 éflansv H@%‘ur@??é‘ht is

noder at el y74:781492$68b) ( 323@%4%“5/?&%% cuIYd?ééi ﬁb d:d?ﬁlbéﬁ’éeﬁﬁ EGM-ZR@I@@%@ Other
measurenment is strongly increased (>50% ( ack/g hat ched i ndi cates that

the paranBedR thabdJeay drelace |%wa?dé'?%\lﬂ c§ >aQ‘@)%'?ﬂ]§ EESymediumc k

i ndi cat essdpblﬂmén‘@ iAtH Wtrﬁ%/nﬂeﬁépérriﬂﬁaﬁ& 063—‘§)t65)"r\§lj/bhl deRibeREadcélP Hpdwiness
than the |l evel neasured in t first assa conbl natlon?IQ%lo A dat abase of

bi omeg¥s i PglaMas (et @Hﬁzﬂod&ﬁgts of ”}%9&5@/ IordHde &% INGLFRmi@Nnghe

presence zgwl falaf BoGRe @érmahdtz §d/Al basit Ifbrabidst \GPoitA Thétor (Jaffd, ) eCRi. anesst.
h| hitors of signaling pathways such as NFkB

drugs or en Lnclu
and STAT ?ggﬂ‘iﬁ 8%, Hﬁ ?éﬁf‘ﬁ% 198f)-hi st ani ne receptor antagonists; as

wel | as inmuner r%ﬂo%Uvnﬂb%Fé/tr%ﬁ%bﬁed ﬂ&?hmﬂbﬁl@ ILW{Z'@ I§ IS (ﬁ@h ﬁﬁa TNF-a
conponents, that are screened and bi omaps &gnerate t hat show t he

changes i@ natal)ntarsubsequdnt Ranele one for erasaef hagb(it @Q/MMFENYaé@Qt@/fED e'Lg13/@|Q in
The Rharimeg| aag&eﬁq&g&sef %{-'?E:‘?ér‘fb%ﬁHfaFé:Qdde:phﬁ e ffi‘épt%ré/%]egtofrslf'@r rﬁé‘f}’ggléi‘ge”t S

are used to are can at e agents his a recogni
t he pat hveng e thprfgc@ggmﬁtg@g@d concentratlons of agents are employed as descnbed in the

literature. Based on the parameters altered by the indicated factors, biomaps are generated
for the parameters ICAM-1, VCAM-1, E-seleptin, IL-8, CD31, P-selectin and Eotaxin-3.
Other markers of interest for adding to the biomap include:; Eotaxin-1, HLA-DR, MIG, Tarc,
30 MCP-1, and IL-8. Figure 12 shows biomaps resulting from confluent cultures of HUVEC
cells treated with IL-4 (20 ng/ml), HIS (10 uM), TNF-a (5 ng/ml), and/or media. After 24
hours, cultures are washed and evaluated for the presence of the parameters ICAM-1 (1),
VCAM-1 (2), E-selectin (3), IL-8 (4), CD31 (5), P-selectin (6) and eotaxin-3 (7) by cell-based
ELISA performed as described in Figure 1. Figure 12 shows a visual representation of the
35 resulting biomaps prepared from the data, where the measurement obtained for each

parameter is classified accbrding to its relative change from the value obtained in the assay
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agent acts on, by conparing the changes in the |level of the specific
mar kers for known drugs affecting known pathways and the changes observed

with the gendidatos agent. In 20 addition to further add tedinsoghrionty of
t he bi omap, one may include in the database reference biomaps generated

from assasonitsiigtlon coPrdimihg ilng +CENF-& “HIS) a6@ Rsiré sontet 15y sHieled sqlidrak. For each
sel ecti vel%?t arget or nodul ate specific cellul ar_pathways (e.g. NFkB, MAP

ki nase, meted andepssay OMbiRIoNate RMAR igFd if dherReERMeSprsMeasHrEmaRbISE 8.
REGULATORncREngdY ({dokd Abovebbil b titd\NRESsurEmbNhANiE: QB alh@onisiefRAt (1L-4 +

I nventi on |s appli1ed for the screenlng of conpounds that requl ate

epi t hel i alN& r" H&ﬁoﬁ%é’s % 809 f 1aFmubitesgray Netehad inghieatese jhathidiej parameter
ker at ishocybgsurémbRs ﬁéééfgf’el)fﬁ{&eﬂsﬁh)(ﬂé% &H'%‘W’/@dﬁhﬁe 3\8@(&38’%9 trfé)Pre

serum free Keratinocyte Bas dium2 (Cdonetics

wi t h BPE sayrement if E@mqlnmerqag¢¢r{>)50%)nl§a¢lﬁlgfay Batghﬁqi )ndlqat%rtbméh? parameter
(109/ M ), masslireRBhN &P hhddiRated OGELIé48eh- (Qﬂﬁ% &E'i@%)haﬂlacﬂ@Ynfég?ést Ittt fhefl OF

NHEK i nclude the spontaneously |mmortalized keratinocyte cell [1ne,

HaCaT( Boukametey m@éprenﬁﬁrﬁlls StlwmfeaszE(B?O%d%ﬁsrfﬁﬁn thegwelineasueas imthei al
cells (Nm@asséfa&lﬂbm gRomery and intestinal epithelial 35 cells. One or
nmore of the follow ng are applied for 48 hours: |FN-y (50 ng/m), TNF-a (50
ng/ Mm% and I L- "id?@@aﬁ%%‘?'?ma%ﬁﬁ?néﬁ@qﬁf@rﬁé‘r%ﬂﬂé't@r@s%){ ¢pkipations that include

i ndi cat edpbpddnge and %bm&léf%ﬂ%l&g%%%&i\/e%ét%P analreme%ﬁ%%%@d

for the paraneters MG

and E- CadR€pdiAg lrﬂxm&rs 9fa$lmﬁéme ngtfmayﬁ ﬁk‘@‘r %»%NFlsg angd §d| Mdn*Hé'tqfﬁ a@mﬁvﬁa@mear e:
CH40, | P‘érohlsfﬁngefé%%@? arlt D%&lsté La@%l FH&aimlng st%&onﬁ:@ﬁémts-ﬁﬁ%dmg

eotaxin-1, eotaxin-3 ) her factors of I'nterest for
i ncl udi ngoa 'F'ngé@:gf R@ﬁ?ﬁﬁeﬁaﬁoﬂlﬂ‘?@eﬁtsi W@F ﬁ@e’scl‘@fleg and hiomapy gengrated itz shawd

| L- 1745actth¥i dHafges lim thad %’é’rﬁerlamtrpw Hlﬂ%ﬂint Cd%ehfér e%ﬂ&: 't% aR %;ﬁeﬁrlﬁ The
treated with one or nore of ng/ IL-1 (20

ng/ ) arRhamagelegicnBafis of A'h?@PeHECShJGP&OYBEP% Wl*tasthe @@WW@Q@@‘? #Rcused to
eval uat Edcd‘nﬂfar& E@c@r’icﬂ&@c@ﬁa@eﬁfs s ﬂﬁﬂln%rfﬁé ?éc%thGn Q)Hhe da@ﬂ%gs)(t% cahdiddte

(3), IL MCP- and E- Cadherin cel |.- based
ELI SA 10 qu PRMPY a@aearlnsefbeuqh\ang@wefhf Iemlgmrtae fee@%wgrk@rs/ foy enown

repr esent&hg@@ff@étlrbh@\dlﬁ}sbﬁth\lvﬂ% ahd m%n@éﬂaﬁﬁmeé mmtlﬁ@@aﬁm@ﬁe a48Rt ent he
measur ement obtai ned for each parameter is classif according to its

rel at3%e siioetor fsther rrddy i d"@ Hhlitwiah dhe ibornap %&%Wktﬁ‘ﬁ'b‘ﬂﬁdﬂltﬁﬁ database

cont ai ni naféréncjeﬂblsmépseyyﬁera%u %ﬁﬂé%y%néﬁaaﬂ@b.ﬁlﬁg%%wutE@eneﬁ&Bomruaﬁet er
and assay conbi nat i on, @uare IS dgray i f par ranet er neasur emant |1 S

unchangedh E‘QW)G“XBU\;@VQES%’F‘OB AtRFReRiEC ﬁﬁ%{gﬂr%@mysl (B0 NEKB; MAP kdrasg eto),

conbi nat i gHtelld thaltoH\tENlbf%)/ang"enBtlenﬂtéﬂiéns n=3; white/gray hatched indicates
that the paranmeter neasurenent is noderately increased (>20% but <50% ;

white indicates the paraneter nmeasurenent is strongly increased (>50%;
bl ackdsgray hatched i ndi cates that thexpsign®eter neasurenent is noderated

REGULATORS OF EPITHELIAL CELL RESPONSES TO INFLAMMATION

The present invention is applied for the screening of compounds that regulate

epithelial cell responses to inflammation.
Normal human epithelial keratinocytes (NHEK) (5x10* cells/ml) are cultured to 80%
30 confluence in serum free Keratinocyte Basal Medium-2 (Clonetics CC3103) supplemented
with BPE (30pg/ml), hEGF (100 ng/ml), insulin (5 pg/ml), transferrin (10ug/ml), and
epinephrine (500ng/mi).  Other cells that may substitute for NHEK include the
spontaneously immortalized keratinocyte cell line, HaCaT(Boukamp, J. Cell Biol. 106:761,
1988), normal human lung epithelial cells (NHLE), renal, mammary and intestinal epithelial
35 cells. One or more of the following are applied for 48 hours: IFN-y (50 ng/mi), TNF-a (50

ng/ml) and IL-1 (20 ng/ml). Based on the parameters altered by the indicated factors,
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decreased (> 20% but <50%; black indicates that the paraneter neasurenent
Is strongly 20 decreased (>50% 1| ess than the |evel neasured in the first

assay compig@losoiy. A dat abase of biomaps is generated frqom@udpageloo of
assay conbinations that include the presence and absence of each

bi ﬁ' gglt cabibiapstaree gbreratyd, fémthe @ Eﬁn@éién%Ng{l(lBQSCRMS%%%DH& |L-ac:|\{ugisn@|pha

i nhi bitor as an S as we as | "Mmune
sti mul at o%@brqgaknﬂgqﬁ@a%g\%é?rﬂb 8" Eﬁ'raﬁléf%%ngt%ﬁﬂﬁeh@ﬁlﬂlg'"gt"ﬂ§t°”?ﬁﬁ'F§

fﬁ r eg”ﬁ? aadc@ﬂo hpmprieag@&épfoedwhmumat b@gﬂ@ngescmse trltmm%b{éa&rrm Wi ]E h

e | er g n e In e al racol ogl C aSl S O

her aneur saiin 3ELATR RS0 Bl Beior sttt ol dlas i 4se L rphinaians
candi dat eunale@trstng @Mlccms gL R0t dcaties. the pathway(s) the

candi dat e agent acts on, O\WfY conparing the changes in the level of the

speci fic mar kelndig¥p 1306 L@Ph@‘ﬂtuéﬁﬁ‘ HNHRIG cRifoRe trpatad iy oamer mate efHENyes
obser ved trﬁ;/rﬁ@ FRE- occ(%'ﬁ egq'ﬂr’r&y H99€( gg}n'ﬂ hrt b%%t ag dib UAfdYds R6lfls t%lth%%

utility o I onmap, ase referenc€ bl omaps
gener at edarervwashad sang Gpahat%d fas mlneapresagcezeﬂ ﬂhs nﬂrameteg;eM@ (13, ICANB1 (2)c CH4dhat

sel ect i vely, hag9a), Q- STu'E), B (6, Rl Blcaranl HRY By Gghastff G saMP

ki nase tarn enefl c rrut
01/ 0@10@@%%@5/@3@9@‘1 "ERJQUFELE E}QUFRH@SDAWSJRSlﬁl mpesentamBmtmv

CELL- ENDGEELL &by £ L TBES LR vy 885l ENEARY s BB ool o

screening o or alterin I mune Ions
that i nvaQ@lfTed@@bbsiingtowlrﬁ’ahye ehange fronbthei valle chidine@indbe rae$ayaaondnmat@nand

t he human I t UVEC
1 the s -t N Sl e efitedi ol SGlarE) 1S ol nelifiebEBhE S S
endot hel | @mhigdtion, the squﬁahsrgMEit/thmpammeterméasurambrﬁ«s mrmhbhgmh(@éO% abcE@M 2

(Congtic er nedia that ace E d i cs _and
b o151 A ol 5% oThashBett n TR 0B omnaB A b oo 0088
10 endot hﬂhteﬁkj;ray dtcrggdoinditataspiplt nmwbal(aﬁ%) measuréPEnf-BSmoderatayl ununeédb%
(Life i€ Nale 20% taI bovi ne ser um and. 2 ng/
basi ¢ 11 B enaft SB0ih rta REaeS P Sargmefar TneatuBeet RS, iicrdibed
Hoshi, PNASO%);: ﬁlfﬂai:B/,graiW&éﬂched)”lﬁdloatemhet te pbha&nétéﬂ Inmaiso@gn@ne i$ moderpteldi ed:
103 K T25 cel I 2 m and _or di a.
After 24 GRstRAsed(ziA0ss bt 2hdieh Blakk idels 0aP tidthaferhete ieaSipemedt BB 0D e
15 pazoanedia:r&sle%%a/o(lés)s thMCﬂd\élé(é{)neaEu&ell icthe first agsayl dontbiatipn). CD31 (5) ,
HLA-DR (6) and 7 S scribed i.n Fi
Shown i n_Fi gurSatEbate bt ibosEt 5 ebB8Rted iy 2 rBRalF RS s el iRy o
provi des the poesshce aht abssndehafteacio bloloyicatisElive factdr; ‘a'ndeéferemadmgsaar agegtsr e
14 denonstr,at.es .th t he bio s_derived fro a I hat |
cont ai ni BCRgaRBlr &F SRy BBy oo B TAAFERY STRTS.FEHERE ipmupne
cells 20 dtinatlatoryyagentd amhidiKigl gathogers! ordeathogemcqareponznts, alhattdrecsdreleaeﬂmgdt es,
humarh5perbl rﬂgﬁg Igenerated that show the changes in the markers with the different agents. Many
agents are given in The Pharmacologic Basis of Therapeutics. The biomaps with the known
agents are used to compare to candidate agents. This allows the recognition of the
pathway(s) the candidate agent acts on, by comparing the changes in the level of the
specific markers for known drugs affecting known pathways and the changes observed with
30 the candidate agent. In addition to further add to the utility of the biomap, one may include
in the database reference biomaps generated from assay panels containing cells with
genetic constructs that selectively target or modulate specific cellular pathways (e.g. NFkB,

MAP kinase, etc), or cells that contain known genetic mutations.
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blood T cells, human peripheral blood CD3+ cells, and the human T cell
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1992; Rhim_ Carcinogenesis 19:673, 1998; Yang, J.Biol. Chem 274:26141,
1999) . EnhdkRelNEto deNws!L 1?2 @ndiemibrt argiapgliany Hther maskess ef injesert frasding teh 20
r et r 034 I ahe \WGHHAS hclide Mept £apem, %%aﬂe&h@@lmdﬂo%ﬁﬁg:aﬁﬁ?er? (G198 BXORES cEreses.

A marker gene 1S, incorporated in the vecCtor al l ows noni toring of
expr essi ofNF-s, EiN-1.dbellrb tainh@dbeta7valphaizbeta?, and L-selectin. Analytical methods that

distinguish T cells from endothelial cells, such as flow cytometry or image analytical
techniques can be employed. A database of biomaps is generated from a panel of assay
combinations that include anti-inflammatory drug compounds including inhibitors of T cell
30 activation and/or T cell proliferation, calcineurin inhibitors, etc. are screened and biomaps
are generated that reflect the changes in the markers with the different agents. Such
agents are given in The Pharmacologic Basis of Therapeutics. The biomaps with the known
agents are used to compare to candidate immunomodulatory agents. This allows the
recognition of the pathway(s) the candidate test agent acts on, by comparing the changes in
35 the level of the specific markers for known agents affecting known pathways and the
changes observed with the candidate test agent. In addition to further add to the utility of
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Is described in Fig. 15, and is derived fromthe MoM.V-based pFB vector
(Stratagene). Oher standard nmethods for transduction or transfection of
cel |l s forwexprwsmson of genes can be substituted. 25 Testpgen®s/ o6

I nserted dovvnstream of the MOMLV LTR. The marker gene is the truncated

form of tihe Pisiias égﬁ@u@@ irf 8l QdtabSSLrrdrenédNEoMaps dé\@théd @roanes%i/
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in Fi gure 16, the test gene used is human kappa B-rel at ed

(Dechend, "9%‘0@%\%'0 mutatipnsse.01 dayst Cﬁﬂé*ﬂ?é@?ﬁ*éﬂc’k\)@%@ﬂ% ﬁtcaéYﬁfﬂamJi Siol.

t ransfsect ggerh 72 fRYoRegH: 293 cells (A onetech) by nodified cal cium
phosphat e met hod according to manufacturer's protocol (MBS transfection
kit, Stratagene). Cell supernatants are harvested 48 hours
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onto exponentially growi ng HUVEC cells. DEAE dextran (conc 10 35 g/nl) is
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TNFa or Ti¥zg5141! Fiyoy). + F_*Hrdbihehﬁ' Qélfselnl&dp%héﬁﬁalagm\)ﬂhsplﬁ’éser 8 aesuskd anthof
the bi omaps derived fromthe resultin ta. Thus expression of Bcl-

3
yiel & a (eravirah vpsiges %‘tEﬁ?ﬁiFf%WtﬂhB'aa@%‘gﬁ%ﬁsﬂc%?ﬂ Bpboenas; AMAri{sE gene is
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I

bel - 3 as 18 956FERRG I Figai§ednd i deryad: fram dhe MoMLysbageg: pRRYasar (Strata

Thi s exanpiRr Qﬁﬁaa@trﬁaheés fohebinédiRtioh 6NPdhsPSLEbY BF @eusssomgfesblomw genes can
identifying gene function. In this particular case th i omap anal ysi s

shows t hat® 8#stiited j nyolved in 20 regul ati ng expression of | CAM 1 and
VCAM J5 and t hpsstigahbamp@inabited UahRstrednibf (e MBIVEY RITRTBh@RRIKEY igene is the

identifies cellular states in which gene functions alter cell ul ar, responses

truncated form of the human nerve growth factor receptor (NGFR) ) (Mavilio, Bloo
83:1988, 1994) separated from the test gene by an independent ribosomal entry site
sequence (IRES). The IRES is 100bp fragment from human elF4G IRES sequence (Gan,
J. Biol. Chem. 273:5006, 1988). In the example shown in Figure 16, the test gene used is

30 human | kappa B-related Bcl-3 (Dechend, Oncogene, 18:3316, 1999). Retroviral vector
plasmid DNA is transfected into AmphoPack-293 cells (Clonetech) by modified calcium
phosphate method according to manufacturer’s protocol (MBS transfection kit, Stratagene).
Cell supernatants are harvested 48 hours post-transfection, filtered to remove cell debris
(0.45 um) and transferred onto exponentially growing HUVEC cells. DEAE dextran (conc 10

35 pg/ml) is added to facilitate vector transduction. After 5-8 hour incubation the viral
supernatant is removed and cells cultured for an additional 40 hours. Gene transfer
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(e.g. IL-1 versus TNF bi bmap). Information about the function of unknown
genes is obtained by conparing bi omaps of unknown genes to the distinctive
bi omaps deterimsiee by the known gene products, drugs, antpdaggkogsyioand

ot her agents in various cellular states. 25 EXAVPLE 11. DI SCRI M NATI ON OF
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EXAMPLE 11.
DISCRIMINATION OF PATHWAYS: REGULATION OF APOPTOSIS

The present invention is useful for discriminating biologically active agents and
genes that act on different pathways. Pthways involved in cellular apoptosis can be

30 distinguished from those involved in regulation of adhesion molecules and cytokines in
inflammation, and agents that modify these pathways can be identified.

A panel of assay combinations that reproduces aspects of the response of the
endothelial cells to inflammatory processes and stimuli enhancing apoptosis is used. TNFa
and ceramide are factors known to enhance cell apoptosis in endothelial cells (Slowik, Lab

35 Invest. 77:257, 1997). Endothelial cells cultured under basal conditions display a low level

of cell damage as measured by release of cytoplasmic lactate dehydrogenase from cells
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Bcl-xL results in altered biomap paraneters that reflect an effect on the
apoptotic pathway (e.g. Figure 17, paraneter 4, LDH), but not biomap

par anet erwdhamlrogf | ect adhesi on and cytokine regulation mt/mmgo
(parameters 1, 2 and 3; 1CAM1, VCAM1 and MG 25 respectively). This

exanpl e Cinftﬁih@éu@@@l‘é@arﬁ h?hié‘lé\lell kknﬂﬁné&&%@hﬁ@@b&ﬁbﬁsﬁ@fNﬂ loS Eér'&ﬁh'dé I B

gene effects on multiple cell functions and pathways," and 'n t present
exanpl e, ?Qiﬁb'ﬂﬂté?ﬂﬁf%ﬁfﬁmldeg’éﬁé'éqﬁ@sdul ating apoptosis pathways. 30 EXAMPLE

12. FUNCTI ON efSNEP E
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| | |
ol i gopuc §’&E+n?|ﬁé? F{)"?)Acé Qfrled t)ﬂilrjlféuglbgog c% %% uéed %Illg‘(?rg? tdWintd'98! el ¢

acid (MOE uor o- ar abi no pepti de nuclelc aclds
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plates at Bq»@xeammn@étetesi/ hiemep pesinteiersthatwatidnt dn@fiect an the apoptotic fpathway
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37C for 3 hour énove regul-ar me
Medi a wi t ¢yicided erpgmlatggn fpaﬂ@rym (parameters 1, 2 and 3; ICAM-1, VCAM-1 and MIG,

25  respectively).
This example clearly shows the utility of biomap analysis for distinguishing gene
effects on multiple cell functions and pathways, and in the present example, for identifying
genes modulating apoptosis pathways.

30 EXAMPLE 12.
FUNCTION OF GENES IN CELLULAR RESPONSES IN INFLAMMATION: ANTISENSE APPROACH
The present invention is useful for identifying functions of genes and their expressed
gene products using antisense approaches. For example, genes whose products regulate
inflammation can be identified in an inflammation model using human endothelial cells as
35 an indicator cell type. A panel of assay combinations that reproduce aspects of the

80



Clonetics) is added and cells allowed to recover overnight. The efficiency
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25 wnth morphino i |s monitored in cells incubated with a fluorescent morpholino, and is typically
essentially 100 percent. HUVEC cells are then treated with either TNF-c. (0.5 ng/ml), or IL-1
(1 ng/ml), or media only. After 4 hours, cells are harvested and evaluated for the cell
surface expression of ICAM-1 (1), VCAM-1 (2), E-selectin (3), and CD31 (4) by flow
cytometry. Figure 18 shows that TNF-R1 antisense gives an altered biomap that is distinct
30 from the control oligo biomap (with control morpholino) upon treatment with TNF-a, but not
upon treatment with IL-1. The TNF-R1 antisense specifically blocks induction of ICAM-1 and
VCAM-1 by TNF-a, while it has no effect on induction of the same markers by the
independent cell surface receptor for [L-1.
The results illustrate the utility of the invention in identifying the function of genes in
35 different assay combinations in an assay panel. This example clearly shows the utility of

biomap analysis for distinguishing gene effects on multiple cell functions and pathways, and
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interast al so include par em@m,spmmrm@_veom;\j cakdéind@Rage and apopt osi s

i ncluding relegsed cytapl asm c | act gte e dr ogen m t ochondri al
cyt ochr one 35&@’,e %rﬁﬁé'gr'g logs %@iﬁfaf”e‘gr’- &9 02 m&’@%%g’éé'ée 1 rogfingg
J. | mundolon dé'ra?h&ﬁao 1996; 82 WO 01/ 067103 PCT/ US01/ 07190 Bussi ng,
Cytonetry 37: 1999) Par anet er s ve of ce roliferation

/
oo Y, ST B ndmaR khlop R TRom el et e Bitedt SotpeP Edbn et sdlsso,
1992). Alnhet alb@tsmapferﬂncymwm i tMBQ‘éah Qﬁtldd@@h@o-ﬂﬁ@@lomﬂ BEBaly HCC 2998,

nbi pat | te, and
o tantRERLtel dtmeBe Y5, b7, svieley B e R Ret s aB % el Bineey o
togm sgmstume celi lzlt X dof celsndi aneccmtuutwlnem‘coaﬁt ISQtFI\r/]IemhnbckcbrﬂélﬁlngIrﬁS?ﬁMeIS-HEd
an a 1 O ener S s in r S. WM
oo oncoaBie ShE LY . BER oot B melkcs ffioy S MreMedid) iitfudgo 7
and tThe Eﬁwﬁmmgu—mnﬁasnz Mla‘dnumeoameuéocmdﬁbd Hﬁgwo”laﬂédimﬁﬁnd Jst%ln{ﬁa@lwn ]
agents ar US are t o can cancer ru | (0] t he
acogni ¢ 1 GRMeR Mty BRI e BodH T ia; TRaaSARERc o GLPRSiR WD by
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etc.). EXAVPLE 14. CANCER APPLI CATI ONS R 20 The present

i nverRl; or(1psnglmi)|. i EQ-F d20Q He/mi); r eridermgl (ﬁfo‘dtﬁtr]SQﬁiné"Q dio/mbeand, 1k+6; aandaey
prostate t

& hor - pr JhEing AbOER® BB oot RPATH ST Tek B bedrton B8R
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oul becoo SrEATHichS Wasbfile Spmrloredia st i itcrefie HERA Slluaaros
that may 1999 NewoD@anserRes SOMEI3H] tRO0EKghe!, Br. NEGENaS BﬁdVGB,&QQPI\)WHQMMBCFlz,
25  274:17193, 1999; Zarrilli, JBC 271:8108, 1996; Murata, JBC 270:30829, 1996; Cardillo, J.
Exp. Clin. Cancer Res. 16:281, 997; Rajagopal, Int. J. Cancer 62:661, 1995; Barth, Cancer
78:1168, 1996). Based on the parameters altered by the indicated factors, biomaps are
generated for the parameters integrin oy, ICAM-1, CD44, carcinoembryonic antigen (CEA)
and a5 B 1. Other markers of interest for adding to the biomap include EGF-R, HLA- Class |,
30 HLA-DR , poly-lg-receptor, IL-8, CA-19-9, E-cadherin, CDS95, a,B1, o1, 0aP1, tePs, o,
laminin 5, urokinase-type plasminogen activator receptor (UPAR), MIP-3a and TNFR-I
(Kelly, Am. J. Physiol. 263, G864-70, 1992; Moller, Int. J. Cancer, 57:371, 1994).
Parameters of interest also include parameters indicative of cell damage and apoptosis
including released cytoplasmic lactate dehydrogenase (LDH) or mitochondrial cytochrome
35 ¢, appearance of APO2.7 epitope or active caspase-3 (Zhang, J. Immunol., 157:3980, 1996;
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anal ogs, topoisonerase inhibitors, and m crotubule function inhibitors.
These factors are screened and a b| enerated that shows the changes
in the markers with the different a%“@%cgr agents. Such conpounds are
given in Winstein, 1997, mEﬁmepﬁbmeggsm@mN@E@f Ther apeutics. The
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DMEM containing charcoal-stripped serum or serum-free DMEM supplemented with 0.5%
BSA. Other conditions of interest that may be used in subsequent assay combinations
include assaying cultures with during log phase growth. Following overnight serum
30 starvation the following are then applied for 24 hours: 5-dihydrotestosterone (10 nM), TNF-o
(200 U/ml) and IL-6 (50 ng/ml). In subsequent panels one or more of IL-1 (10 ng/ml), IFN-~y
(500 U/ml), TGF-a (10 ng/ml), epidermal growth factor (10 ng/ml) and IGF-ll (10 nM);
and/or neutralizing antibodies to autocrine factors, IGF-Il, EGF, IL-6 or TGF- B or their
receptors; and/or hypoxic conditions are added to the initial three factors or may replace
35 one of the three factors. Standard concentrations of agents are employed as described in

the literature (Sokoloff, Cancer 77:1862, 1996; Qiu, PNAS 95:3644, 1998; Hsiao, JBC
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CANCER APPLI CATI ONS - BREAST CANCER The present invention is applied for
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anti cancer drug acts on, by conparing the changes in the level of the
specific markers for known drugs affectin Eg known pat hways and the changes
obser ved EXAMPL

CANCER APPLICATIONS — BREAST CANCER

The present invention is applied for the screening of compounds for use in treating

breast cancer.
30 The human breast cell line MCF-7 is used. Other breast cancer cell lines that may
replace MCF-2 in the screen include AU-565, HCC38, MCF-7, MDA-MB-231, MIB 157, SW-
527, T47D, UACC-812, UACC- or ZR-75-1; primary mammary epithelial cells or primary
tumor cells. 2 x 10* cells/ml are cultured in RPMI medium 10% FBS. Other media that may
replace RPMI include Dulbecco's Modified Eagle's Medium containing 20% FBS. Other
35 conditions of interest that may be used in subsequent assay combinations include assaying
cultures with during log phase growth. Following overnight serum starvation the following
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with the candidate drug. In addition to further add to the utility of the
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with genetic constructs that selectively target or modulate specific cellular pathways (e.g.
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158: 5435, sel&t8in; fibneBstin ﬁHOQIdAIQZ(Fﬁ@&éndéﬁ%edeé 281580, c1dost i72Re#H2int 940,
2000; Ess]er, JBC 274: 30361, 1999:; in Endocrinol Net ab, 85: 336,

2000). Bd<@§eb B 128 14000 Qﬁf@fam?%é?d °By“t?ﬁ—‘ét f?fd?é‘éif‘%&°ff§6t*?JP@an'PS'H%s
are 25  thrombomodulin, Tissue Factor, MMP-2, MMP-3, as B 1, o, B 5, CD105, CXCR4 and CD31

(St. Croix, Science 289:1197, 2000; Friedlander, Science 270:1500, 1995; Bodey,
Anticancer Res. 18:3621, 1998).
A database of biomaps is generated from a panel of assay combinations that include

the known angiogenesis inhibitors and agents are screened and a biomap generated that
30 shows the changes in the markers with the different anti-angiogenesis agents. Such anti-
angiogenic compounds include growth factor signaling inhibitors and are given in The
Pharmacologic Basis of Therapeutics. The biomaps with the known agents are used to
compare to candidate anti-angiogenic drugs. This allows the recognition of the pathway(s)
the candidate anti-angiogenic drug acts on, by comparing the changes in the level of the
35  specific markers for known drugs affecting known pathways and the changes observed with
the candidate drug. In addition, to further add to the utility of the biomap, one may include
86



generated for the paranmeters |CAM1, vWF, E-selectin, P-selectin, |IL-8,

PAl -1, angiotensin converting enzyne (ACE, CD143), platelet-derived growth
fact or (RiW)o@des MCP-1 (Devaux, Eur. Heart J. 18:470, 1P8¥uskessdeer,

D abetes Metab. 24:327, 1998; Becker, Z. 35 Kardiol. 89:160, 2000;

Kapl anskiin tde datapagel ref&é&éﬂ%ﬁrap&g&ﬁerétéd f@n{ @dsa) bQﬁblg-Q%ntJaﬁ'Zﬁb celOQfth-

O her marker st for addi n% to the biomap I nclude, angiotensin-1

t
recept or geng@c W%%Fer %ib§e@@i’ﬁl¥§6 P rpdulate spaticcellins Rtavs e ge mas,

acti vat orrhg, GNE‘IEBQVIA(DUHM% /Je.g €AOYE t tL
(CD142), rf| brino en bi nd X; éé!m;c%elg/l tg ﬁ}éﬂ??\léarlrlgqfaﬁ?&@ﬁd tb%%':‘“e{ fﬁtér%gr?%‘zBr

Med. J. é@“%#s @%1%& Patoe9) P&%ﬁi’ﬁﬁf@#waﬁ@m@me@ogmutMa—m ny,
Artergoscler Thromb Vasc. Biol. 15:37, 1995; de Prost, J. Cardi ovasc.

Pharmacol ., 25 Suppl 2: S114, 1995; van 5 de Stol pe, Throrrb Haenost 75: 182,
1996; Mach, J. din. Invest., 104: 1§5MMPLf9§)§ Ni chol son, Ann. N.Y. Acad.
Sci., 902:128, 2000). AdatabasgAFQﬁDmS@ggQ@D;SgA@nerated from a panel of
assay conbi nat i ons that include known cardioprotective agents including

beta bl ocker o Ngriie3RM dPveRiion s anplied fordhe gereepiog of gpmBpynRsisSor uselin treating
ant agoni yhscul@éyshiHotion AlsS6H4te8 WihScar8ibRddclfer diREsO! Meftenlbif . &ﬁﬁé{fﬁﬂ &Hgand

a bi gmap %enerat ed_that shows the 10 changes in the markers Wit
di ffdPend H’r'mmuﬁﬁﬁts@r"‘s%gents Such conpounds are given in The

Phar macol ogi ¢ Higgdrbaértic Eh@étﬁ@lﬁl‘bélfssarem@dbomlaélls"‘t‘hhhm Tﬂ?eﬂ?é&"ﬁhrﬁé}?%r%car e
used to aretﬁ) candi dat e cardi oprotective drugs. s allows

recogni t |eBa° eliglce %%h\ﬂéy(‘%’}“a“t%@b'k%ﬂ?‘ﬂﬁnéow‘ﬁw C&Eﬁ 3NGRUMBY MIFAYRECUIA t he

changes iepdéthelidieiens. ob % he' sarmhf 4 émtm@%fﬁa cori‘fleénd@w\en&iﬁh@@l éélf aFthHg
known pat hways |2ta%the Ehan es observed with the candi date

addi tion “?%1 Mz dClopetigse CQin-) coptaiping: FRidsmaalasrovdh e ?ﬁé@f (W@I ner’aﬂl n

the dat abgg@corieds eNGsmbi vmwarmewladsrﬁmaégﬂmom@nﬁlb $.&@B|fa§4 Bididh
cells w \%:t ic constructs hat sel ecti vel ) nmodul at e Sﬁ’]eCI

cel I ul ar Bﬁi%ﬁ 0 naémp, Ingidin lgke ﬁ&@”‘l@lﬁ?&&” e0d) a"lﬁz%eﬁﬁ% Pinar mestia

known gemngf ﬁe mbaﬁasmnas ifcfude- MESEAT 969 Lehtains ECERaiso Lfazfml hnd Bet -
93: 299, 20 p 18. REGULAT OF 'aIfCEL %UNCTI\{F%@"? céqNAI VE T

S
CELL RESH ﬁ@nbﬂé@eﬁwpn'ﬂv%ﬁ@ﬁi oMth 0%k RS roendaibsliel opll psakgiadisbr s

of T cel KCIﬁﬁdﬂlcﬁt@cﬂ'p)ldaﬁ{é\‘ﬂﬁ@ﬂvm\m'@sérﬂmmb&rﬁm (ﬁh§rﬂ§on0f3c%§§@222@ﬁﬁ' {gH3. ons
t hat _repro uce'?:II ects |'s are used.

e 2 e of B8 Pt e A AT 4: SNk ol hey 37 HEPPA00a) HERR aleningr A, ¢y

har g |
s | char &R r*p}@IG' {&2’24 “‘@}J,{,Erﬁwgﬁ@'ﬂ“ (100 qu) DARAS ﬁ@/‘nﬂférﬁd’th?&%m‘ﬁ@gﬁﬁlz

L7 and f(Rigtz @ﬁ‘é‘%’?%ﬁ@@ﬁ%k@ﬁ Suppl2: 1&1%3@88 Lqu'@' .ELIQZH%!IQQ'BWPIBZQeWQf
| munol 30 sleiln% Trﬂr&% HWnoE’ta'zb 54BU ﬁé@f}eﬂh %bbé’éhu%mw@@ea{e of‘@rcﬁéf (L1998.

Li ppi ncott W1 lians kins Publishers). Optim zed assaa}g/ | nat 1 ons

for nai v&10rngémi, F&béi@%@g(mw |1Lﬁo@0ang{nﬁ)u 1485630t ng/maddpbetpe(1@ong/mar ee,
fouras  endothelin-1 (100 niM), aldosterone (1 uM), oxidized LDL. (100 ug/ml), or minimally modified

LDL are added to the initial three factors or may replace one of the three factors (Brown, J
Clin Endocrinol Metab, 85:336, 2000; de Boer, J. Pathol. 188:174, 1999; Berliner, J. Clin.
Invest. 85:1260, 1990). Standard concentrations of agents are employed as described in
the literature (Kaplanski, J. Immunol 158:5435, 1997; Hofman, Blood 92:3064, 1998; Li,
30 Circulation 102:1970, 2000; Essler, JBC 274:30361, 1999; Brown, J Clin Endocrinol Metab,
85:336, 2000). Based on the parameters altered by the indicated factors, biomaps are
generated for the parameters ICAM-1, vWF, E-selectin, P-selectin, IL-8, PAIl-1, angiotensin
converting enzyme (ACE, CD143), platelet-derived growth factor (PDGF) and MCP-1
(Devaux, Eur. Heart J. 18:470, 1997; Kessler, Diabetes Metab. 24:327, 1998; Becker, Z.
35 Kardiol. 89:160, 2000; Kaplanski, J. Immunol. 158:5435, 1997; Li, Circulation 102:1970,
2000). Other markers of interest for adding to the biomap include, angiotensin-1 receptor,
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or nore of these biologically active agents in addition with a primary
stinmulus through the T cell receptor and secondary stimuli through

co- sti mul elgrwet@eept ors. Concentrations of agents are stdedodoa®eor di ng
to the literature. Concentrations may al so be determ ned 35 experinentally

as the an@'éﬁhaé@glﬁbérp%’snﬁlﬁoﬁélﬁl%t@r Fé&@ptb?tmtcﬂﬁeéﬂdgfhehﬁa rddidy 9%03

PCT/ US01/ 07190 rimary human cord nononucl ear cel are used. G he

cel I s t haf@Cifh WPW@%“’PH@%@"@&Q %Ct'V'Hb Mﬁé"hﬁ@ék'a?éﬂd&)%%ﬁ éﬁqr@iﬁg B Megi de

CD4+ and/ 2g1:588+9B5¢ ®ukshdra OHgb&rtbnsiohoB: 85811 Joobu N@Ba%dypm?feﬁbscﬁ)érOﬁQ'o}lb
cells. Cord bIo d@gf qj)%Iear cells _are isolated from

Fi col | - hyY&fu 24P E1iPStcéreaioNgss iFharmaacede ISUB@@ 9{1‘-%51:19%5 VEAM 5
183: 2437, dd@ﬁl}pe %Ircbrﬁbamemb@nmusz URGYE: aMaéHGJC@nhsllﬁdest n18£"‘1’b4¢0%§9 ni ng
10% FBS St aph R ccal E rotoxin B (SEB ., anti-CD28 (10
gy, NGNPEOR ARG RS, S 508138 AhaGh: AgaibRse BhiomRbsguenerated from

St aphyl oca)peaél &réseéptcemuomaﬁo:ﬁs'iﬁa} incRidet lvowh @msdfrote%ﬁMégéms t:ﬁaudhd pstal) .

or antib qg gé can replace or be included wth SEB

provi de '?b gﬁrs raé’tgeéﬁ’gllﬁ’ YREFSNSVE offUISCRCS INARIERNS. oA T ﬂh?'@)tag?ﬂ'%tévn\?éﬁt ABlral
antigens amosl@roaéé ;o&tafinsg @Rd aﬁerbnaﬁehﬁsréané@deﬁwamw effethicd tAat éﬁbws the
subsequent pane| s one ng/ m) I L-10,

I L-4 %20 Fgnees inthe "ﬁk?@@"thé?é)rﬂ'ffefeﬂ@ﬂtbcifr@fﬁ@?'ﬁ?)Su%tmq(mpmgare giyergin

| L-7, | L-fitfe Pharm&gol ltdéé%rs SYerHer addufitd) Thabidrhash \with the kﬁ%ﬁ%@ém@afr@%é&t%
IL-2, TNF-a, are ad the initial three factors or nmay replace the

IL-12. ArRAMIRAIP R cidi <f%t§,5ﬁra'§m?t8?ﬂve§4w atits 2oy e 6‘%}‘%08@'“6%{ thﬁmaﬁtvxﬁxg&s>

si gnal s. thehandibbieedrigtdcicors; OtdoMparhgtie ehangas sn 2 16¥el 'omlﬁrsfb'iafclf'bhﬁérkgﬁy be
substituted for anti- 8 an%'ar(l)ti:?fl‘rﬂ CDde mﬂgude anti bodies or ligands to

CD5, ant i OT ke gruggrTechng kegwn pRbwRyRasH ithRiFhRNISA PPERYPS ¥t dhe yaa@fiw@e
factorss  @us. tmmumlfaﬂhér@dd%tmm of%é’lBlbn'Iabn@wéDIﬂlay‘tn%lL@lE ith tHeedfSbase

i ncl ude 6 Fours hours or Base paraneters altered by

e e Calan e bbR1a8S s giierl o e EM AR B Lo N Gols, BNEh SRR SoISTEas,

al phaEbet , ar2iR6 t a
TNIF:) a, m??taf:%%lig%grtaﬂgbf an%a%t)%%élm cel%}ﬂ@iﬁg}; |eriitc2rIghg(fqJ "ﬁ)éréleaétcl) ng

to the DIREP thatcqaidgin kﬂQ}AMQP”eHFF Prdatiens 49-9- ElBarfeHcieney, Nk yire &riviedien

(CLA), CiHBhet. ég;@g@@oooqg%q (CD134), FasL (CD178), CTLA-4 (CD152),
L-sel ect| n (CD62L), CCR5, CCR6, CCR7, CXCR4, CXCR5, |L-4R (CD124), CD26,

CD38,20cD30, intracel | ul ar | FN-y, 25 |ntracel lular 1L-4, CD25, CCR9, CCRz,
CCR4, RANTES, M P-|beta, CD71, CD223xaMP@Sqg8 COWL37. Paraneters on T cel s

in the culture are analyzed by flow cytonetr Anti-CD3 and anti-CD4
ant i bodi es are usedREBUATERE OFy CBAFONRAOMANAVE T CEHSRESRNSRBN T col | 5.

Anti bodi es to tie p?@ée?ﬁtlﬁﬁbrﬁ@haﬁehgéfal #reidentsing Fyulatersagditt Icemaheaisiears
Readout SOﬁatterns for T cells cultured with and w t hout

_ SEB o
cost i nul dPEFEMaten gRd dnENiRy uisTRt @f aﬁsﬁya?%%@%“"@ﬁ "Bﬁ"td'ﬁﬁ'f?guf’%s @%ﬂ%‘?sa?fe@ef rom
a pangl Okspifsalor aTRANAtTI@NS drdaked.Ncl ude the presence and absence of

each bi ol ogi cal | y active factor; and anti-inflammtory dru
immune cell stimulatory environment in vivo during pathogenic immunity is
characterized by the presence of multiple biologically active agents including IL-1, IL-2,
TNF-a, and IFN-y , IL4, IL12, IL10, TGF beta, IL6, IL7 and IL15 and others (Picker, J.
Immunol. 150:1122, 1993; Picker J. Immunol :150:1105, 1993; W. Paul, Fundamental
30 Immunology, 4th Ed, 1998. Lippincott Wiliams & Wilkins Publishers). Optimized assay
combinations for naive T cell responses will contain at least two, and preferably three, four
or more of these biologically active agents in addition with a primary stimulus through the T
cell receptor and secondary stimuli through co-stimulatory receptors. Concentrations of
agents are standard according to the literature. Concentrations may also be determined

35 experimentally as the amount required to saturate the relevant receptor.
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conpounds including inhibitors of T cell activation and/or T cell
proliferation including calcineurin inhibitors, FK506, cyclosporin,
nycophenoliccoiagi@s net hotrexate; as well as 35 i mmune sti mdagiyr@gent s

i ncl udi ng pat hogens or pathogen conponents, etc. are screened and bi onaps

gener at ed t hatpghaty hiifar oD BROUTMbAGhUERIaK @6fls Watdhuddte @tﬁéreea@tthaﬁ%éoﬂ
01/067103 PCT/ US01/07190 agents. Such a ents are4%: ven

Phar macol '§8lace firsecets inglyde ?‘i’ egpulqﬂpé\ 19f BANBSD %ﬂq/qrt@q{‘n-'f)\ﬁﬁ"%@@'ﬁieéj are

used to cmm&ﬁantrmn@aﬂshrﬁ;hb@l dioda . ceTbl@oraldlcsaeﬁnérlﬂﬁmuué@psalstdr@ikoleﬁéd %rbﬁ
pathvvay(s% t he c%n ate dru a ts on, by conparing the changes in

level of RIRRd R diealihypagye Sansk aradistin cantifgation &s idescrinsdws’ thwd%" and
t he crsangm @mewesb VEdII8 afe tHep cutidddat 66 densdml ih mmmdténtaﬂmgm ok FBBangadd

oo Al - S ES5P B8 PSS Tt i o

const r uct subsbqlierft pfRAg 'bAk Yort Aioge StgFhylBRAbtAt m&mﬁ |25 (SEE} %rafoxibabﬁd&ys
(e.g. NFAT,  calcinpe nase, hat contain

ooun gorminrron o GosTh e antbady s B Hom 6eh fapkcelrie NEYSeHE SEB ¢

( Yamasakito proviBe af cem@pt&@nﬁﬁﬁﬁ, TERStmuldfdnERAZhEcokYentiraaitlgdns 6F T
CELL FUNCT}PW - ADULT A I\/EI\/[RY T CELLS The present invention is useful

for iWent3legntigen, é@u‘? Eﬂedi“g( fymphacyte %H‘Teaf’bﬂ‘bsﬁﬁF?r&rﬁ?ﬂﬁs&Feaﬁfd“?rﬁrﬁfrWﬁ .

tAhset do:‘t s&@qum mhg@m Iit- auu&czm@bmgsmﬁ@qd @/ﬁﬂ) Tree-b ¢o Tg?ﬁmoaﬁﬁ of
e adu e ma era mononucl ear ce

are used. Céﬁg 'L 'Eg ﬁlhé{f’ @a@g dz%ﬂa[m'ﬁ aﬁ@?‘?%‘?ﬁ#"a?”@l“mﬁjfaﬂ@éi [Ls2,

i ncl ude ipQE-aL Qﬁé mltatth@m.aq)fhr@rhttoréiaﬁma él;ﬁﬁ@am d@lAﬁ.boa@d/o%gmry

Tcells; T cell lines such as Jurkat, Hut cl ones.

Per | pher dior SABA AN COBAeYge castimirapey s=gmisat@tae%tﬂmnvs@eswulatory signals

Fi col {5 hY&QH!é?eﬁ(?héierﬂﬁy w aibaﬁiu@atfopaﬁﬁ t:lnj‘z%@éﬂd caihufmm Qﬁawaﬁmh@r JEM
183: 2437, 1996 Ils t he | tured

cont ai ni nigangs q:§§5aﬁ'aF' 'ﬁ%k@ﬂ %’t’&'d’c&%‘ﬁ E?ﬁ@@Bt%mWSBand( tg@gplceljy @‘ﬂW?)faCtorS

ant i - CD28ar6 kRerv 8piliel. foPP8l hblirs1 Dthér ﬂﬁé hhts b infepd2s HEURRIE RAHS! 72 RBGs T 5
nore Staphyl ococcal Enterotoxin E (S , or toxic shock syndrome toxin

(TSST), o¥@Santibody to CD3 (1 ug/rﬂ) can repl ace or be included with SEB

to provide T C@ésled&ﬁﬂﬁ@b@fan‘?eﬁer%@lt@?é’ddiy‘tﬁ’é‘md-E@BdS‘éd:tB?ﬂé' Bkh%sbha‘ §etated for
conventi onal antlgens or al |l oant |egqen as in g)rrp ocyte cul ture.

I n su¥sedfiBnPaf § RS9 ralphakd I(EDﬂ0§)10|Ln1£’Rﬁ2) (CPEJ ¢DAGL {OD154).-
10, IL-4; b agadrﬁ;dto

I L-6, I Lléggﬁélygl%?r N4 Lm%&egﬁ%/r (r)"grJé %étor ali zi ?tgﬁeargrﬂrl ggﬁ/dzsl%tﬁ)égﬁrocrl e
factors, the- bioman:ﬁmq}udel LCAM-TINfphadbated, adidadousolymphecytaiantiaén (GlrAde GRAOLor s

Biomerc@st%ﬁhf%?é?wgﬁéfi#%@?% CILAA K1), FroeruRitobat cles

i nt erest CORG, BARY, IEXCRBSEXCREe 4R (CEXI24), CES, £RB&IIGDHIWIaeatellulat (Fiey,

bl e L e b R A e
CDw137.

Parameters on T cells in the culture are analyzed by flow cytometry. Anti-CD3 and
anti-CD4 antibodies are used to identify CD4+ and CD4- T cells, and non T cells.
Antibodies to the selected parameters are used with two additional colors. Readout

30 patterns for T cells cultured with and without SEB or costimulators can be distinguished.

A database of biomaps is generated from a panel of assay combinations that include
the presence and absence of each biologically active factor; and anti-inflammatory drug
compounds including inhibitors of T cell activation and/or T cell proliferation including
calcineurin inhibitors, FK5086, cyclosporin, mycophenolic acid, methotrexate; as well as

35 immune stimulatory agents including pathogens or pathogen components, etc. are

screened and biomaps generated that show the changes in the markers with the different
89



24 hours: Other tine points of interest include 6 hours, 72 hours or 5
days. Standard concentrations of agents and factors are enpl oyed as

descri bedwigvitdgeoz335 literature. T cells in the cul tures a:rc_q/@g@a,loy@@d by
flow cytonetry. Based on the paraneters altered by the indicated factors,
bi omaps a4 nwnSucEﬁ rft@éréé]@erpﬁ‘\r'ﬂ{éi‘[bl%r&a%glb Ba3f} M@h@ﬂd&@?@é)a‘he blomaps
PCT/ US01/ 071%9 g é CD69, x40 (CD134), intracel |l ul aryl I L-2,
FAS | i gantith Befa8yn agepisare ysed icpmnare tenangidatediuas. (@9?@2‘9’5 th@rrgcognltlon

| L-12r ecedifttﬁé bma(s()@w&a’ﬁdudéﬁla 8§ BAEBEESMpRingithé eﬁﬁﬁeswﬁ-JelJé\?elgP%
CD45RO, al z}et a/, al phadbet a7, a%pha4bety§1clE pL sgl ectin 2L)

CCR5, CxcRscill ers owR teshog ke pathyvays a'PQxN?EQange%thB@@aMth

CD71, sCD2Rd ,cah@GEbe d@ﬂﬁ%dd@m% f@@%@ ad(ﬂgiﬁe uﬁlrt? %F%%orh#ﬂ%@%éﬁncl@&é Ingen
(CLA) and IL-4R al pha chain. Paranmeters on T cells in the culture are

anal yzed B5 PRS2 TEFRICR Piomans; aanerated flomassay penels pentaigingss!inwih gepetia o
identify @E@ﬂ‘uﬁ@&h%le&l@é& |t§rgetmﬁ| meaulgtecgbécﬁﬂc Gaﬁﬁar {)%5@ @/ IQFAT

CD45RA are used to identif Y( ells. Antibodies to the selected
par anet er @igneurins MR, MAR H’aéﬁ'dﬁ’tﬁ) ﬁ&e"%m%ﬂgnta%b@m%ﬂ apRgticanyiations, erg

cell's CU'JdﬂIEéiQ:eWhﬁéh thﬁf‘ﬂcl}("lckhég%% @ém@gﬁé'ﬁlﬂlcﬁt@ﬁén% P %9729“' shed.

A dat abase of biomaps is generated from a panel assay conbi hati ons that
incl ulfe the presence and absence of each b|olog|cally active factor; and
anti-inflammatory drug conpounds insiW@i@ggl nhibitors of T cell activation
and/or T cell proliferation including 15 cal cineurin inhibitors, FK506,

cycl osporin, mycopRERYATERAEIF, CRE{MBCTORAADULRANRMEMORY T CehkSine

stimul atory agpid rédir UdididtioRalsh e e .m&.m@e?ewm&n%mﬁ ’ceEtrﬁedlﬁfe%
screened and bi omaps generated that show the changes in th ers wth

the diff éﬂ@ammaa%ﬁﬂg ImeyBity e dhpeleicassay éorgbméHannth%@pWﬁaéémw ef figsi s

of Thgy ap,ggéér%gof‘[ﬁ@ad@tp@gs,svwgela t he known agents are used to conpare to
candi dat e agents This allo the 20 recognition of the pat hvvayﬁs) t he

candi dat e agentd LdE'ﬂ@"%PeBEthéh]?&qddQO'@Wclﬂ%ﬁ@tss e used qﬂéﬁféqe pihat meay

specific rapratserSadmr peniPHBrafl oy @fée%tmaad&wme@aadbwsn%@l écbus» C@BQQGS
observed wth the candidate agent. In addition to further ad

utility ofCRERMPAKIRHB, angi9e "W?HP"Y hcalige! eall ines sysh apdyuat é’ﬁ"é?%n@gwblaﬂﬁﬂ-ps

gener at edcdiirdsReRS FfipRanst bﬁaodm@uekagcé}@ld@ @Mattdsu ﬂsme&wd By P%bﬂ-H%éqdehat
selectively target or npdul ate specific cell NFAT,

ool b ddhsitypidlenmenRTida0n a8 Hescrbg (a1ats SATSHBREA TOoRN SealS apRihen ¢

mut at i oNSgyit@red atJWé<éélls¢rﬁl| .h Flamescohtmn 30% FB%.ard¥taph O__\}%ébccél\@fﬂﬁﬁﬁ&hn BJ.
Biol. Chem 272: 97) . 0. 30 REGULAT T CELL FUNCTI ON

- TH1L RESPERBHS uﬂﬁal) p?’é?’s@ﬁ?s|(F1Q/é'ﬁfmlbr?ﬁds”-a1ﬁp45l RAIMPoln syhseguerd PANAI ATe or
Cormoundsmmabt motab&caﬁ fm]ter%%ﬁrwé )oforTﬂa;.c' éﬁB&R Egﬁne FLGRNTBET, Pérer al

bl ood CD4+ T are e er cel |
antlbody to CD3 (1 ug/ml) can replace or be mcluded W|th SE to provide T cell receptor

25 stimulation. TCR stimulation through conventional antigens or alloantigen, as in the mixed
lymphocyte culture. In subsequent panels one or more of IL-1 (10 ng/ml), IL-2 (1 ng/ml), IL-
10, IL-4 (20 ng/ml), IL-13 (30 ng/ml), TGF-beta (10 ng/ml), anti-CD49d, IL-6, IL-7, IL-15, IL-
18; and/or neutralizing antibodies to autocrine factors, IL-4, IFN-y, [L-2, TNF-a, are added to
the initial three factors or may replace the IL-12. Antibodies or ligands for CD49d and CD28
30 provide costimulatory signals. Other alternative costimulatory signals of interest that may
be substituted for anti-CD28 and anti-CD49d include antibodies or ligands to CD5, anti-
ICOS, or anti-4-1BB. The TCR stimulus and biologically active factors are then applied for

24 hours: Other time points of interest include 6 hours, 72 hours or 5 days.
Standard concentrations of agents and factors are employed as described in the
35 literature. T cells in the cultures are analyzed by flow cytometry. Based on the parameters
altered by the indicated factors, biomaps are generated for the parameters CD40L

20



enpl oyed include the T cell line KIT-225, human peripheral bl ood CD3+
cells, human cord 35 blood T cells, etc. Cells are isolated from human

peri pher alydaimaghopononucl ear cells utilizing Ficoll-hypaquetdedusiotivo
gradient centrifugation as described (Ponath, JEM 91 WO 01/067103

PCT/ USO1/ @Hi4), 3888, 25:&11) (GO9E9), mﬁaééugmmNa@'N?&emcze Fafs @hHS(dDm e
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| L-6, |L-3togBUEEA) 74 hetRAPNBSHFINt 0 1L-4, are added to t he |n|t|al three

factors or naypsemrlci&s ¢ c@ﬂs hhﬁehﬁlfﬁ@ efré‘é'h@lzﬁed @Wc}tb%t O Rii- Uéfand
interest include 5 and 7 day Bas on t

arameters altere t
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| L- 12r eceptor beta2 (CD212), intracellular IF I ntracellular TNF-a, and

i nt r a| | RArametars care gsgd withed-f additignal icalogs: e@?aﬁf%'it Pafd%fﬂﬁéofﬂbCQ"ﬁéUBWGHdﬁth

i ncl ude:  adeAktHout S or do@@%ﬁl%}ors Eéﬁbe(ﬂ fidhedCTLA-4 (CD152), L-selectin
(CD62L) . COR5 ( CD195) | (CDWAO7) . CXCRA4 (CD184). CXCR5, IL-4R
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paranmeters are used w t h addj tj onal coI ors. Readout patterns for T

cel I's cul ' \)%F‘F‘H'at%f%da%'itﬁo'ﬂ‘t’ udipg BAtNEGRNAS (Pfi| RABPISTL LRMPANERtS: |eFFgu?r§hed
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anti-infl -orHCl ANPAUBAD Am @Bl g RBammasplosicoBasis of Theneutics: W& i on

and/ or T isiembp 9mh Itfﬁ@k@dwmagerm ki@ t8Tofphfd Wnd@at@ﬁ@é?ité O'rﬁs altdoOhe
cycl ogporin, Co henol I Cc a g}ﬁmet hot rexat e; as

sti mA%t JRFOHYERN & e PRLMEY FREicdade %ﬁe’}SéFtﬁé’thy E‘d’ﬁ%ﬁ‘@df‘% Ch%IQ?S i he

screened |ansl d?ltﬁéTBpéclﬁl@ﬁﬁﬂairgﬂortHMWndeg% 4ffECtiB XABWA pathwidye amartkeﬁ:ﬁaﬁgésh
the different ent s. Sugc oun ven in The Phar rracg Basi s

S
of  Ther apRhierees W ihe g o 10 il b Fithet At s 4, G SHtSdITRR ¢ o
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utility of the biomp, one may incl l'ude in the database reference bi omaps
gener at ecpqne@m%g%nspg@epgrkat cell lines that lack Ick, CD45, etc. (Yamasaki, J. Biol. Chem.

272:14787, 1997).

EXAMPLE 20.
30 REGULATORS OF T CELL FUNCTION - TH1 RESPONSES
The present invention is applied for the screening of compounds that inhibit the
activation of Th1 lymphocytes.
Human peripheral blood CD4+ T cells are employed. Other cells that may be
employed include the T cell line KIT-225, human peripheral blood CD3+ cells, human cord
35 blood T cells, etc. Cells are isolated from human peripheral blood mononuclear cells
utilizing Ficoll-hypaque density gradient centrifugation as described (Ponath, JEM
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containing cells with genetic constructs that selectively target or
nodul ate specific cellular 35 pathways (e.g. NFAT, calcineurin, NFkB, MAP
ki nase, etWwg)oroefogel | s that contain known 92 WO 01/ 067103R@doopib)07190
genetic nutations, e.g. Jurkat cell lines that |ack Ick, CD45, etc.

( Yamasaki 18312433, obge)GFmewma?aahéféﬁaa of 481810 plaE&éAMEME otlis a@ E&Qéh%ﬁ\?ﬁorg: T
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time poi e  Blratidldit Sehabn L8y %}%ﬁ}ée SoutdiiRB0 (RphOG @ URBES GER A),

altered eln ors S are genera
par anet e r@X@Rﬁ HEDHed)a -1 %rlepd!piErbtmtaZ' (CDQU 2n Masellwmqym&aeaﬂulag ENF(Llaiy,

o PASBLRLIE U B b e A B
(CD134), (ram:m GEasT8JCD TR) ACT LA(ACNB 752), L-sslelcgtmt(CIGQDD&ﬂ%5 (m_m%) CTH,

1 gark aceT G OSTERORA iy ERERS. JE9RL IR, ST58 P RO, e

cul tur edasmcmndlbya?dcmatyflhmmerﬂyhom ruytra:cléﬂmm!-_-G%damdacediutai' Her3 anti bodi g}sor
?:E)iSll-{’Zear anulsgﬁaé} Hneyecfen? | %ngs ﬁ@ﬁle c@ C:| rga?ﬁgg%%r}loxv gﬁ!r’rq}u%lwéggéﬁ@
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cost i20ul gpavamet=as dre uded with@ud addationaﬁxcdlatsab%miout pattarnafos Ti cellg enlburad adthf r om
a panel o;n tggﬁ) %%E#@QI?E’&Q%” g&&%ﬁ#&.sqﬁﬁe presence and absence of

each bIO|O Ve ammat ory drug conpounds
I ncl udi ng i nhlmdatabasenbf biomaps ismenerattd foom apanelrof Assal donphyimdtiohe thet inchude
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25 calcineurin inhibitors, FK506, cyclosporin, mycophenolic acid, methotrexate; as well as
immune stimulatory agents including pathogens or pathogen components, etc. are
screened and biomaps generated that show the changes in the markers with the different
agents. Such compounds are given in The Pharmacologic Basis of Therapeutics. The
biomaps with the known agents are used to compare to candidate agents. This allows the

30 recognition of the pathway(s) the candidate agent acts on, by comparing the changes in the
level of the specific markers for known drugs affecting known pathways and the changes
observed with the candidate agent. In addition to further add to the utility of the biomap,
one may include in the database reference biomaps generated from assay panels
containing cells with genetic constructs that selectively target or modulate specific cellular

35 pathways (e.g. NFAT, calcineurin, NFKB, MAP kinase, etc), or cells that contain known

92



screened and bi omaps generated that show the changes in the markers with
the different 93 WD 01/067103 PCT/US01/ 07190 agents. Such conpounds are

gi ven i n waeoiRBafsacol ogi ¢ Basis of Therapeutics. The bi gigapssovMotdot he
known agents are used to conpare to candidate agents. This allows the
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changes i
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A O ﬂ@m Sty S P s,

t hr onbi n RaDelslgng 9r, m@@mL HAvki m/m@stmz ngfmjb lr§/ Imf IL-48, nautiakizing antindlyf i ed

LDL | h
Factors (ffiedalelatfiel iy tehiiblthee (AUl efRs GBBIORIR 1litagirs Bind " o¢
287: 860, tmmmomtsesfmtefest inclupaBrand. 7 d88; 174, 1999; Berliner, J. din.

| t. 85:12

described in t Seﬂ’?’?ﬁ?‘%{’a'a"‘%’*%@ ﬂang%?% ir"a%%:as'amrﬁé%s?g%@ﬁgegg%%@% 2
Hof me2@, Bhepéranetetnsalphaggsar, Lalphatﬁhem.?l gutangou® ynipoyte ydigen (EkA), &§GRIBC
274: 3036 J e O ol TFIOGT 0. kP12 S0RR0 P00l BRRArAN

t he pararre ers a e indica rs | ONApS ar € genera
t he par arsdingsto tr@AMoﬂn,apNaclude (ICMED/ CD46).,, OXKOgCDHBA), I:RsLT(IQIBﬁB) I(]ZTl:lAZ—4and

20 327, 1605 2hckieiectl tapeh oF okl o6BB OB OhERE. L RRR TARE s,
158: 5435,(CDa24), AD26, ODGBuCElSDpIH-sé@Etlriﬁﬁa@l,d &fi6) andOhtracellulaniftey.s of interest
for az%di ng to lsahrgm% ecl)'ga I|suuq %e c thﬂli"e gﬁ‘e a%alyzed% P%\'/sgyto%gtry Anti-CD3 and
anti-CD4 antibodies are used to identify CD4+ and CD4- T cells, and non T cells.
CD45R0O and/or CD45RA are used to identify memory T cells (Teraki, J. Immunol
159:6018, 1997; Waldrop, J. Immunol. 161:5284, 1998; Picker, Blood, 86:1408, 1995).
Antibodies to the selected parameters are used with 2-4 additional colors. Readout
30 patterns for T cells cultured with and without SEB or costimulators can be distinguished.

A database of biomaps is generated from a panel of assay combinations that include
the presence and absence of each biologically active factor; and anti-inflammatory drug
compounds including inhibitors of T cell activation and/or T cell proliferation including
calcineurin inhibitors, FK506, cyclosporin, mycophenolic acid, methotrexate; as well as

35 immune stimulatory agents including pathogens or pathogen components, etc. are

screened and biomaps generated that show the changes in the markers with the different
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(100 ug/ml), or minimally modified LDL are added to the initial three factors or may replace
one of the three factors (Brown, J Clin Endocrinol Metab, 85:336, 2000; Ashkar, Science
287:860, 2000; de Boer, J. Pathol. 188:174, 1999; Berliner, J. Clin. Invest. 85:1260, 1990).
Standard concentrations of agents are employed as described in the literature (Kaplanski, J.
30 Immunol 158:5435, 1997; Hofman, Blood 92:3064, 1998; Li, Circulation 102:1970, 2000;
Essler, JBC 274:30361, 1999; Brown, J Clin Endocrinol Metab, 85:336, 2000). Based on
the parameters altered by the indicated factors, biomaps are generated for the parameters
ICAM-1, Mac-1 (CD11b/CD18), IL-8, HLA-DR, TNF-a, IL-12 and MCP-1 (Devaux, Eur.
Heart J. 18:470, 1997; Kessler, Diabetes Metab. 24:327, 1998; Becker, Z. Kardiol. 89:160,
35 2000; Kaplanski, J. Immunol. 158:5435, 1997; Li, Circulation 102:1970, 2000). Other
markers of interest for adding to the biomap include CD14, PAI-1, urokinase-type
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producti-on of ' rarreteES' and conpari ngét he | evel par aneters

bbseriped TACAR. priEEmT BB SHRAPSIRTOR RO 4OSGR s TPest FEOON rhay vary
PCT/ US01/10i61406b toosstifiddrstass dyat eitdizimimbioan usad Bedyis fbvehe bligoke of dsadridingoent
on said Cpeallrlicsulaiirnengtgjc!c}m%r?tsio?‘n)}? raﬁg .llscrt1ci>t\|[neter(1)c§ec} tfge“meltf tLngE:oSJ of the present invention
which will be limited only by the appended claims.
As used herein the singular forms "a", "and", and "the" include plural referents
25 unless the context clearly dictates otherwise. All technical and scientific terms used herein
have the same meaning as commonly understood to one of ordinary skill in the art to which
this invention belongs unless clearly indicated otherwise.
The following examples are put forth so as to provide those of ordinary skill in the art
with a complete disclosure and description of how to make and use the subject invention,
30 and are not intended to limit the scope of what is regarded as the invention. Efforts have
been made to ensure accuracy with respect to the numbers used (e.g. amounts,
temperature, concentrations, efc.) but some experimental errors and deviations should be
allowed for. Unless otherwise indicated, parts are parts by weight, molecular weight is
average molecular weight, temperature is in degrees centigrade; and pressure is at or near

35 atmospheric,
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sai d agent on said physiological state in vivo. 5 5. The nmethod accordi ng
to daim4, wherein said physiological state environnent conprises said

bi ol ogi caMop1aetiose agent and said control assay conbi nat iraT/US1/0f9ee of

said agent. 6. The nethod according to Claim4, wherein said cell culture
conpr i sesVWaAT I0CIIveEtalst ty of different cell types associated with said

physi ol ogy . ... A nethod for preparing a biomap for a plurality of
pat hmysg\é@ggg’%@‘é@%{g't h a physiological state of interest of cells in a
cell culture, %ai d Aetdtbod foorpalysingdhe éifectof atbiciapically @stivecagdnt onld ¢olldn assay

conbi nat i ' ' | I.C te of Iinterest as a resylt of adding
to said C(Cé) lé@gf{‘&%g&?f ?)%%rt a {)tc?loc?:ﬁ\?rg&s%% % tbé[ﬁ‘ '3%dﬂﬂerglﬁoa%qi%sti%uﬁei'ti ng
for a&inultsicd Comprses ar assejucamiiaatibrnpivifls iab llexgt tad fadters esufficierd te provide acel |
culture dj (Tl ; . . CO t fr sal d_test .cel.l, culture,
wher ei n s%ﬂ&@%%é%%ﬁ?gfc'é%@%é&g *n‘éc%ér)%}?gv%é%ﬁ%wc'glsﬂ?e G gUd gagﬁ‘l‘lp%?’

ot her envandattezst ahe celhdiltureis a calbsulturenlgcking sa@id $actérousaigh avethmoet eonsprising:
associ ated wt ¢ ral.i . ri e neasur ement
of said at |eas n??déﬂg%bgrogbé)%ée@ g%'\ﬁ? %IP%§G§§Q@’L?3§§§§?) gﬁgg)fngg'veﬁ?e@ nt r ol
cell culture, iangdatiogsadiael cabiirds iresesd respective epivirgrmamehts;estd cel | cul ture and
sai d ntrol c | t i . net hod for preparing a
bi ona@odat as et'%!‘5 (L)?Lﬁ'lggﬁgﬁaﬁg%tgfsyﬁ%%%ggf%%ggg@é Sfé%%%f“é(?%% with a plurality
of physi ol ogi cahersbathesdifferences imesdid tdvelsdk lirgicative eF theceffdat ioé said diialogicaiiyhod
conpri sing.. formul atin of cell culture assay conbinations in said
physi ol og%é'g%%g%%]sé%?cal ﬁﬁgféést as a result of adding to said cultures in
sai d assay conbinations a plurality of factorsin an anount and for a

period of ti suf f4,c] 0 I sal hysi ol ogi ¢ ate of 30 .
I nt erest, vmg'razéi n aTﬁ% @%&Sq&doanég@%#}@g @agggaéﬁ%%%%%ﬁé %%& iaggaay ?%23?|n%t§o§1§y
conbi that i Simukates aroine/i@ physiotagicatstate. cul ture differing in at | east one
conponent fromsaid test cell culture; wherein said conponent can be a

factor, a biologically active agent or other environnental condition
measuring at |®ast TreumgibodmecardingatosO@imat BorGlaim 2awhemdiniromki ofy saifl cell

h : ' ' A t . f
e e < REOTR b0 ] SR SUCEER Yoot el i o s BRI L5
PCT/ USO1/tb& Ebsenceccfosaid facterai d baesisasl eutturesin diie sbsanhce e tsaickefiattocsubindiinethand
id I ' ) ' t
& i 2 rSrert, & &b shctitior iopfLERgRaPAOIP sl ol Gl IOMETERLREN |1 ©
bi omaps i saichfattaraberssaid cell Qultaes indte oesenbaphisaid factersiapd apéorapdrinal afdinowhl y

active agﬁpygio%q&r, g&tf\l,ﬂy.t oits

4, A method for evaluating the effect of a biologically active agent on a cell
25  culture simulating a physiological state of cells in vivo, whereby said physiological state is
simulated by employing the same type of cells in the culture medium as in said
physiological state, in the presence of a medium containing factors simulating the
physiological state environment to provide an assay combination, and parameters are
measured that result from a plurality of pathways associated with said physiological state,
30 said method comprising:
adding said biologically active agent to said assay combination and incubating said
assay combination for sufficient time for said agent to affect said cells;
measuring a sufficient number of a plurality of parameters associated with said
physiological condition to ensure that at least two pathways are involved in the regulation of
35 the production of said parameters; and
comparing the level of parameters observed in the presence of said agent with a
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effect on cellular signaling pathways, the nethod conprising: contacting a
panel of cell culture assay conbinations with said agent; 10 recording
changes i w@dydee@st four different cellul ar paraneter readquigsoa®7®oresult
of introduction of said agent; deriving a biomap dataset from sai d changes

I N par ame¢diitrol 8649 Wombindtienei n said bi omap conprises data normalized to
pe under .control conditions, and wherein

control data on th ane_cel | t. . ) on

out put par amet‘ﬁp%reg)‘ ﬁ‘%ﬁf?cﬁpﬁéﬂg%e?%s%‘%éd db cyturgds Bredictiye af the affeshel i s
suf fi ci engdiyy ageitonnszid pieysidiedical statéUn wigscri mi nate the node of action or
functional effect of an agent; conparing said biomp dataset to a
reference bi omap dataset to determne the presence of variation, wherein
the presence o0f. varTied i sthoddacedr@ifg atolidlhial ef)chireit haai@f praslologidal t fiate
agent on a cell ulgr Si naling@glat_h ))/ 20 10. Tge %?d accordi nﬁwtéio Claim
9, wher ei SMURNESRLEAITPTEES Sa|d RIoIRgiRAN; ackive ggentjapg sal rokssRY CoMBINRHPR &

conpri si nfged vosad ag@nte factors acting on said cells. 11. The met hod
according to Claim 10, wherein said panel of cells conprises at 25 |east
one assay conbination sinmulating an in vivo physiol ogical state. 12. The

met hod accordij@g_ t oTHea a&héthdcﬂiacgmeihgitb_ @Iéind 4%@\?!%%_‘ | ihr@iortapc?mrdoﬁﬁﬁise? a
conpaj ) ng_sal. | a se or ., (8 e, DI ol ogl ca actl ve agen 0O a
pl ur aﬁ_ typ'BW‘a"tyﬂ??gﬁ%g@aﬁe _§aisﬁ°%aat3§f”§8§§@ R’Us'eg’@éialﬁ‘ﬁ%e-ma her said

var :j ati on{.mat C,N&g_etaoﬂffbt fpr'é”palrin 3D bRz ﬁﬁtfl?&ﬁiﬂity bh%&m{ay@ fwsrsat@itﬁ@al mtq% A
Sal agen accor dl n O IIS ect .on a, ce ul ar, S| al 1 nQ. a_ way. .
e hod SRRt S O infeestof fils 1173 681 SUity id RLPE GRS ROL Gl | o ar
primary cells.foghul@fingVa €t QT 1QRuFCAs4502MBimA Nl th sAidNBhyRRTodeH dtatiensf t O
any of cl.a{ms ected fromthe

1, 4, 7 an . Wherein said cell re el
o yup corledest s 3 remiaRt adlineto sanitel tulipoe pRedly ae SR i an Pt
epi t hid i aihc@igltihg foba time siffidéad irtivee sdidnshysivlogival efatehind Efcohtrolcell cutiie 9,
wher ei n sgl'ﬁd.ce.l lailar? genom caqlk,hy m)d(lj L’L}?d IE-el | s. v@[‘% A _met hod accor di ng
to any of “EPHIHE 3t S48 ORC GAPPYSHHEMETH GelbFUMER e §il) Sald GOMPONSRETRD | s
an organiise g aarenadiolddically acive@jdmdr aepeslingmeatahoyndtior;! ai ms 1, 4, 7 and

! o, g P Bl o g R b B g 45 7

comparing the measurement of said at least four parameters with the measurement from a

20  control cell culture, and
recording said measurements of said test cell culture and said control cell culture to
produce a biomap.

7. A method for preparing a biomap dataset for a plurality of pathways
25 associated with a plurality of physiological states of interest of cells in cell cuiture, said
method comprising:
formulating a panel of cell culture assay combinations in said physiological states of
interest as a result of adding to said cultures in said assay combinations a plurality of
factorsin an amount and for a period of time sufficient to induce said physiological state of
30 interest, wherein at least one of said assay combination is a test assay combination and
one a control cell culture differing in at least one component from said test cell culture;
wherein said component can be a factor, a biologically active agent or other environmental
condition
measuring at least four parameters associated with said plurality of pathways;
35 comparing the measurement of said at least four parameters with the measurement
from a control cell culture, and
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15 endothelial cells and at | east one of said assay conbi nations conprises
at least two of TNF- a, IFNy, I1L-4, I1L-13, histamne and IL-1 activities;
and sai d pay@metess conprise at least two of | CAM 1, VCAMd/Esoseteetin,
P-selectin, I1L-8, MIP-1, Eotaxin, CD31, HLA-DR |P-10 and MG 20 19. A

met hod accor di rgoidingesid afeaglienigntslof shid sl Autudhaiddid s&nted] e8Il butturs ®
endothelial and T.cells in a coculture and at |east one of said assay

conbi nat i YRUSHABIAMAR  at | east two of TNF-a, |FN-y, IL-4, IL-13,
hi stam ne and IL-1 activities; and said paraneters conprise at |east two

of ICAM1, V 1 E-selecti P-selectin, _I)]-8 MP-1, Eotaxin, CD31,

HLA- DR, | P-10 %‘nd ﬁﬁf ”?@‘%G?"Cﬂ\“ﬁf& d a%&#‘&ﬁﬁfgcwrﬁw tg? stapAfgempiling a 7
and 9,5 whelueility f3iidl isiemnbps mr£datapasehel i al cells and at | east one of said
assay conbi nations conprises at |least two of TNF-a, IFNy, IL-9, IL-17 and

IL-1 activities; and said paraneters conprise at |east two of | CAM 1,

| L-8, M p-3al pha, Mého&f@@dﬁﬁdmizaﬁbd\of)abidl&@idﬁlymv%@nt%caﬁingéﬁoﬁ&t hod
CcOol on

according to,any of clains 1, 4, 7 and ereln said cells are
cancer Ceer,f}ebctgﬂgelﬁilaq%%r&rﬂﬁgﬁgth&fayg,éﬁa WQQQQW%U on conprises at |east
twodof | GF- | | contadting,a pdri yf,?dulcuuuremsaﬁcorﬁﬁﬁaﬁmdmmﬁalﬁd agéntvi ties; and
sai araneters conprise at. ast _two, I 1, HA-II, 4,
carci oenbryonﬁe8°'?§’|EH§ Mg?%%t?eaég&%k@%ﬁ%%m@@Sa@%ﬁ@agg&séﬁ@feéwmfﬁ R
i. 99 WO iatkédiectidn of Paidi/agent/ 07190 22. A met hod according to any of clains
1, 4, 7 and 9, wherein.said cells are . prostate cance s.and at. | east

S

cel .
one of said asSH)NGAHIINAR dAlesetdrmp said c@pgg%%war@m{%freaéouts, wherein sald
5-di hydr otiemtpdofippises datd-narmdlize® to Iconttol defiir-or, the@Eamen el kyfge- inder control

activities; d_sai araneters conprise at |east t of prostate specific
ot gen (AN SRR ket peEIets fis; owivadihap  Brt GG Y R B the
(VEGH)5, eifibmap naksufficienty iffeediztive tiegtapéan disamdinker the HhdRiiof adtionvriTahdtivfal
accordi ng f}otaﬂ%n()f ct[ aims 1, 4, 7 and 9, wherein said cells are breast
cancer cefl€'8hd 88 Meast one of said assay conbinations conprises at | east

two of 10 estcongearingl $aid bicmap datiiget  blaefelérv@ubioiap Idatdddt-ta. detdriding thel - 4,

et o Rl AT el 8 eSS e PAEAFE B SRR 58 oo

car ci noendifrthi@ agentaon & geliuldrSighalind=cathwagept or, poly-1g receptor, uPAR

(CD87), and a5(31. 15 24. A nethod according to any of clains 1, 4, 7 and 9,

wherel'n said cells are endothelial cells and at |east one of said assay

conbi nati ons ctOpr i Tles nathddcacdording taoClainyBCvhefedi saii@anelldffeatls cobmpdised &t 13,

hi st am ne and I L- éing tivities: and said aranet ers c.grég[i se at | east
i I

fwo. of | alBAEAADE Ty ppmindGha e Siia Bibhrifne radipls BhEOT S TRIL.

11. The method according to Claim 10, wherein said panel of cells comprises at
25 least one assay combination simulating an in vivo physiological state.

12. The method according to Claim 10, wherein said comparing step comprises:

comparing said biomap dataset for a single biologically active agent to a plurality of

biomap datasets in a database to determine whether said variation matches a pattern in

30 said database, thereby characterizing said agent according to its effect on a cellular
signaling pathway.

13. A method according to any of claims 1, 4, 7 and 9, wherein said cells are

primary cells.
35
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(Ccp87), [CAM 1, P-selectin, thronmbonodulin, Tissue Factor, MW-2, MW-3, as
P 1, a" (35, 20 CD105 and CD31. 25. A nethod according to any of clains 1,
4, 7 and woomweredn said cells are endothelial cells and pdr/tastivone of
sai d assay conbi nati ons conprises at. least two of angiotensin-1I, TNF-a,

t hrombi n, | FN-14. | LAdnethod &8cortlingttarsingenf dRIDGE 1, dxl‘iobrzbﬂ, Wwikremnshid lcells 2!5

activitie I r

2ct V11! el (3| e BFGUBELERyBR R i Bl RS oD, B 5 S

( PDGF) , I\#loiEheFaLIceth, angi otensin converting enzyne (ACE) ur oki nase-type
pl asm nogen activator receptor (uPAR), tissue factor, and CD36. 30 26. A

nmet hod according to any of clains 1, 4, 7 and 9, wherein said cells are T
| ynphdcyt es antb.at Aaasthod@ecarflingab dny sy ajaime rihidn &t areh8, wioerpini sad calls areast

two of - rotoxin B, anti-CD28, anti-CD3, anti-CD49d,
IL-12, | ﬁjé}ﬁ%ﬁﬁl‘g%@eféﬁqlﬁ 6, IL-7, IL-13, IL-15, I1L-18, and TG(3
activities; and said paraneters conprise at |east two of CD69, al phaEbeta7

(CD103), al ph § 7. ) o0 :

01/ 067103 PCT/a@OU%ﬂééboolg%ﬁﬂ %&Pﬁ’%‘@%}iigf E%ilé-ga, Sl 3%@#’%8%’%&-2,
i ntracel |adtise ageN-ig anionganicedrhpownd. | L- 4, CCR3 and CXCR3. 27. A screening
systeqp for determning the effect of a bi ologically active agent 5 on a
physi ol ogi cal state or cell pathways of interest, said systemconprising a
panel conprisihg ah meihed acsondiog ké acy bt clainsak glay andreh wheteio ssiddiofpgicaliyng
cells an s affecting at |east four pathways for

i nduci ngdascgilb%l g%ﬁ‘g?% gl ({ggé&{tate of interest on said cells, wherein at

| east one of said assay combinations conprises said biologically active
agent; assay rgagen Rl”ﬁt S L.8fe W t h
said 10 pat hvvaf;a: Agn%atﬂg%fgg@&t’& ggsag]& Affg"?a?@%;\ll\qzﬁﬁé \ﬁ'ﬁj&F a %r%glsa §

bi ol o cagndsotheligkeells and laéleastqm Qf@a@tasrsesascnmmnethnsrmmrlsetn aflleast bed o STNF-ur e

of known vity., g8 C [N sai at a
or ocessordb 1, 213, R S RE BEAIRR, By SaPl M hers DB LS & e
said bi orm/p o dCANet, sVCh%M—kE»aplacm P-ddfeddiocihr &) iMEPt1pEbtaginr€DBO dHADR, P10 i N
Claim?7. ‘%panel conprising at |least two cell culture assay

conbi nati O s conprising endothelial cells, wherein at | east one of said
assay conbi nations conprises a sufficient armunt of TNF-a, IFN-y and IL-1

Lost Dgont prebent Tanandd ERRERAGo oI BrRphdls 10 70l FyndRic Ein Bl &

conpri si r@@thd]neband T eellsde Ialcoculturelaed aeast ooe nbsmaassays:ommmtloes ogmprises

Conbi nat | G BR of TRE%, #i Er4.16T5 Aeline G e P PBuBesRhLafd PR tamagen,
| L- 4, antcdnqﬂLSeta‘.t lglest- Bvanet ICAMA , MCANK-126-saleciity,i Piselecti)aL-8, IMICRel, Eitakin,est

br east ca&sg{ @-bﬁ,hﬁﬁia%ll\ﬂb.e breast cancer cells in vivo;, and

25
20. A method according to any of claims 1, 4, 7 and 9, wherein said cells are
epithelial cells and at least one of said assay combinations comprises at least two of TNF-a,
IFN-y, IL-9, IL-17 and IL-1 activities; and said parameters comprise at least two of ICAM-1,
IL-8, Mip-3alpha, MCP-1, E-cadherin, HLA-DR, IP-10 and MIG.
30

21. A method according to any of claims 1, 4, 7 and 9, wherein said cells are
colon cancer cells and at least one of said assay combination comprises at least two of IGF-
Il, TNF-a,, IFN-y, IL-1, TGF-B, EGF, and IL-6 activities; and said parameters comprise at
least two of ICAM-1, HLA-Il, CD44, carcinoembryonic antigen (CEA), EGF-receptor, E-
35 cadherin, CD87 and as 3 1.
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a test agent present in at |east one of said assay conbi nations. 31. A

nmet hod according to any one of Clains 1, 4, 7 and 9, wherein one or nore

of sai d aws®eEy/codi nati ons conprises a biol ogically acti vecages/ovio known
physi ol ogical 30 activity, and a test agent. 101 ABSTRACT OF THE | NVENTI ON
A net hod of sc2Zeni Agnéthod ageardinbyto anyiof elaimerit, 4bAsadi @nwhdreinassid velisaef
conpl ex | ' ' . t f. cting cells d
cul Tur o dBRarRrisier bR TedsPoli bf di€astdy dRtihaighs Sinfifess gt b &

i denti f i catlihgdrotdstaaterope, TNFed KHed, hi1,dTGEHRtIEGPaRAdEGEHS dctivities; naas gaiid,

and the u f.biomap .analysis for rapid identificatio d .

char act erﬁa?gxﬁeg?s CSF%H?%gat égﬁ.ﬁs&itwgttgser‘%at@@etsp%c@cean e&@t ST S AN i
and tIse |vdseulaAehdathelial grbwthheactorn(UEGH)0epidermalngroivim emter ecepteni Mgy Glera
| ar ge nuni)/ﬁr of cellular pathways,, and the rapid identification of
conpounds B4t cause cellular responses.

23. A method according to any of claims 1, 4, 7 and 9, wherein said cells are

breast cancer cells and at least one of said assay combinations comprises at least two of

10  estrogen, IL-4, antibody to Her-2/neu, IL-1, TNF-a, IFN-y, IL-4, IL-13, TGF-B, EGF and IL-6

activities; and said parameters comprise at least two of ICAM-1, IL-8, MCP-1, E-cadherin,

HLA-Il, CD44, carcinoembryonic antigen (CEA), EGF-receptor, poly-lg receptor, uPAR
(CD87) and osp.

15 24. A method according to any of claims 1, 4, 7 and 9, wherein said cells are
endothelial cells and at least one of said assay combinations comprises at least two of
VEGF, FGF, EGF, TNF-a, IL-4, 1L-13, histamine, IL-8 and IL-1 activities; and said
parameters comprise at least two of alphavbeta3, [L-8, VCAM-1, E-selectin, KDR, uPAR
(CD87), ICAM-1, P-selectin, thrombomodulin, Tissue Factor, MMP-2, MMP-3, as B1, o Ps,

20 CD105 and CD31.

25. A method according to any of claims 1, 4, 7 and 9, wherein said cells are
endothelial cells and at least one of said assay combinations comprises at. least two of
angiotensin-Il, TNF-a, thrombin, IFN-y, IL-4, IL-13, histamine, PDGF, oxidized LDL and IL-1

25 activities; and said parameters comprise at least two of ICAM-1, VCAM-1 E-selectin, P-
selectin, IL-8, MCP-1, platelet-derived growth factor (PDGF), MIG, PAI-1, angiotensin
converting enzyme (ACE), urokinase-type plasminogen activator receptor (UPAR), tissue
factor, and CD36.

30 26. A method according to any of claims 1, 4, 7 and 9, wherein said cells are T
lymphocytes and at least one of said assay combinations comprises at least two of
Staphylococcal enterotoxin B, anti-CD28, anti-CD3, anti-CD49d, IL-12, IL-1, lI-2, IL-4, IL-6,
IL-7, IL-13, IL-15, IL-18, and TGFp activities; and said parameters comprise at least two of
CD69, alphaEbeta7 (CD103), alphadbeta7, IL-12Rp2 (CD212), CD178 (FasL), CD40L

35
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(CD154), intracellular TNF-a,, intracellular IL-2, intracellular IFN-y, intracellular IL-4, CCR3
and CXCR3.

27. A screening system for determining the effect of a biologically active agent
on a physiological state or cell pathways of interest, said system comprising a panel
comprising at least two cell culture assay combinations comprising cells and at least two
factors affecting at least four pathways for inducing said physiological state of interest on
said cells, wherein at least one of said assay combinations comprises said biologically
active agent; assay reagents for measuring at least two parameters associated with said
pathways; and a data processor for analyzing the data from said biological culture in
relation to at least one control biological culture of known activity.

28. The system according to Claim 27, wherein said data processor comprises a
plurality of biomap datasets in a database, wherein said biomap datasets are prepared
according to the method set forth in Claim 7.

29. A panel comprising at least two cell culture assay combinations comprising
endothelial cells, wherein at least one of said assay combinations comprises a sufficient
amount of TNF-a, IFN-y and IL-1 to induce an inflammatory response from said endothelial

cells; and a test agent present in at least one of said assay combinations.

30. A panel comprising at least two cell culture assay combinations comprising
neoplastic breast cancer cells, wherein at least one of said assay combinations comprises a
sufficient amount of at least three of estrogen, IL-4, antibody to Her-2/neu, and IL-1b
activities that induce said test breast cancer cells to simulate breast cancer cells in vivo; and
a test agent present in at least one of said assay combinations.

31. A method according to any one of Claims 1, 4, 7 and 9, wherein one or more

of said assay combinations comprises a biologically active agent of known physiological
activity, and a test agent.
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ABSTRACT OF THE INVENTION
A method of screening biologically active agent based on the analysis of complex
biological responses in culture. Methods for selecting cells and culture conditions for such
screens are provided, as well as the identification of an optimized set of discrete parameters
to be measured, and the use of biomap analysis for rapid identification and characterization
of drug candidates, genetic sequences acting pathways, and the like. A feature of the
invention is simultaneous screening of a large number of cellular pathways,, and the rapid

identification of compounds that cause cellular responses.
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