METHODS FOR | DENTI FYI NG COVBI NATI ONS OF ENTI TI ES AS
THERAPEUTI CS 5 Background of the Invention Many

di sease states are associated with a multit

phenotypi ¢ changes. This has |ong been appmg‘mmm|\““‘“m\
the clinic, but recent advances in s
confirmed thls observation at the nnlecular | evéPo's
Expression profiling of cancer cells, for exanple, has
reveal ed hundreds of chan es in gene ex-reSS|on

caused by MIEHQDS EQRINE ANGCOMBINAAIONS OF
human cells and ti Y tatic
nmechani sms such thE ﬁiﬁ% ]ggiggﬁﬁ undant and
sgl f-buffering 15 signaling systenms. Natural signals
causing a change in cellular state are often sent not
to a single target, Bagkgroundeofthe Inventionnbi nation of
targets. Thus, nodest changes in multiple variables

can have a highly specific effect. In contrast, for

hi st ori calMaiydiseed feled i CasoigRd Wit a i@itdde of phenotypic
pharmaceutical , chem cal, and biol ogi cal comunities
have cheegesed. h@ﬂrhaSslmggb@n appaient thuik clinicebuli recentladvances in

use bi ol c eff This historj ara has
o ot Hefe SpiBR R R e =Be B ol e
ol e RepesssiongrofiRld 6CdansREC L) for Eiﬁhﬁl'enﬁas ﬁbeélédjhﬁhgdreds of
val uabl'e reagents tor both biology and nedicine. .

Thes @hmﬂeé énl Bere eypeessiogcauset by maliple mgm)mum@ns

bi ol functi roteins t

hor SacfBimés uinE) LR 2 REGHTRUR eV OBhe RA-08HE:
eluc |rﬁ’s’t1hhﬂ1@m§ isgétedhat f.heg Stef chbRRIMRHINEMNS ahly sélf-buffanﬁg
chem cal  protein knockouts, thereby causing a |oss of

pbot signalingeysterns. Natwralisignals qausmg@ chengthin ¢elluiar state ere
of t I?)?t%ﬁ sgﬁok td'® Lxgcpel tgrsgeWbut t> %rétcblgrlémlztacombmatlon of targets.
Thus, modest changes in multiple variables can have a highly specific

effect.

In contrast, fqr historical and technological reasons, the

20 pharmaceutical, chemical, and biological communities have focused on
single, individual molecules that cause biologic effects. This historical
‘paradigm has resulted in the identification of small organic molecules that
affect specific proteins, providing valuable reagents for both biology and
medicine. These molecules are also useful as probes of the biological

25 function of proteins that may have therapeutic relevance and have been
effective at elucidating signal transduction pathways by acting as chemical
protein knockouts, thereby causing a loss of protein function.
Additionally, due to the interaction of these small molecules with particular
biological targets and their ability to affect specific biological functions, |

30 they may also serve as candidates for the development of therapeutics.
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bi ol ogi cal targets and their ability to affect
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In the phar maceuti cal industry, attention has bee
f ocusiBirtyal fealiies repingeent of natiral products and that is compatlble

with miniaturized cell-based assays has been synthesized (Tan et al. J. Am.
20  Chem. Soc. 1998, 120, 8565).
The modern drug discovery process is largely built upon an ability

to assay rapidly compounds for their effects on biological processes. In the
pharmaceuticall industry, attention has been focused on identifying
compounds that block, reduce, or even enhance the interactions between

25 biological molecules. Speciﬁcally, in biological systems, the i;iteraction
between a receptor and its protein ligand often may result, either directly or
through some downstream event, in either a deleterious or beneficial effect |

on that system, and consequently, on a patient for whom treatment is
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20 9073-9087).
' Enhancing the traditional paradigm of drug discovery,

‘combinatorial chemistry has resulted in a dramatic increase in the number
of compounds that are available for screening, and human genome research
has uncovered large numbers of new molecular targets for screening.

25 Screens may use these new targets in a variety of ways, searching for
enzyme inhibitors, receptor agonists or antagonists. The traditional goal is
to find compounds that reduce, block, or enhance a single crucial
interaction in a biological system (Weber et al., Angew. Chem. Int. Ed.

Engl., 1995, 34; 2280-2282). Additionally, a number of researchers are
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of compounds that are available for screening, and
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20 | Summary of the Invention

We have in\}_ented a powerful new method for perturbing biologicél
systerhs; This entails systematically performing high throughput screens of
. combinations of compounds, i.e. mixturés or non-chemically bonded |
combinations, to discover combinations. that interact synergistically in
25 biological systems. The methods of the invention can identify effective
therapeutic combinations of compounds that exhibit previously unknown
therapeutic effects even where each compound in the combination may

have previously have had no recognized biological effect, and even where




systens. This entails systematically perform ng high
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of erbatinelsdés ane aramare diiinehbiolamieal racinties, (Qrpontaeting the
20  array of combinations of entities with test element under conditions that

ensure that each entity/test element contacting is scgregated from the
others, (d) detecting or measuring a property of the test element, and (e)
identifying combinations of entities that cause an effect on the test element |
that is different from the effect of an entity of the combination by itself.

25  The components of this assay can be variedlas described above in
connection with the first assay. In preferred embodiments, this method
further includes the step of (f) repeating steps (a) through (e) at least twice,
wherein, in step (a), the array of at least 200 combinations is different in

each repetition. In other preferred embodiments, the array includes at least
5



ensure that each entity/test elenent contacting is
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nmeasuring a property of the test elenment, and (e)
identifying conbinations of entities that cause an
effect on the test elenment that is different fromthe
ef  egook 1849 %@E%oﬁfbﬂﬁfonﬁ‘)%&g{vb@fﬁ ﬂsscﬁ’l step @Pare
The conponents o hi's assay can be va

descrcatrend atopreferably deoseectiowithintten diyes df |eash oﬂnssay

I f d dj t t hi th furth

i ncl udes th ﬂ??%%e rged?asﬁe%@'gip%og @(s%rlé% AR g
(e) @Eﬁéﬂﬁﬁ?t% Elebﬁ‘lerb %)r bfo!kfgléa[l atWvity.

of at 1eas &t ons |s eren each

r apetTheimethod modmdeerth@stepebf () c&adtmgl afeantay, oftah teast 49mmque
i ncl udes  at Ieaft 5 400 or 1540 uni que, conbin ieti ons,
Waer éom]wa\t@ﬁép tWe A more grighies () preading gtestSeprpent that

pr ef ﬂﬁ&é’ r&%%&%ﬁg@g‘gg%@l%&ﬁml&gﬁ r@ ?ﬁf‘a@tn% i) | amray.

In a e i nven eat ur®es

et hed chmbinations o emitieg witho thrrtestielentsnt Rhddraonditives that
combi nati ons for bi ol ogi cal activity. 5 The nethod
. ncl gasgeas eaeh patityftest elgment eantapipas sagtegqted from the

5 ) PR b BB

mor e 1di¢rﬁifymgtcoh1b@:hazwn@ af efti€d thescauk€in effedtdatthe gest Blement
array of conbinations of entities with the test

ol ermdkat i ﬁﬁﬁqrersmltﬂmﬁeqt e en cafiEatdhe pembiagten by itself,
O 3Bl SIS TR AGIIS) 1cBRIS ARSI

10 ot surirng-a prope

t he tpesibdalseigadiffdregt a:t?rmle‘ayh P@eﬁﬁ&bl Thé b@ﬁpox@énts of this

entities that cause an effect on_the test el enent
tiHat apspysienfosvaried e dasarined @bpee for she prsvionsiyrdesgribedigssays.

combi'nati an, t?%(urf.ﬁé Zgﬂ[a{eﬁlglsﬁggc ghfe)m{'eqﬁ%ﬂtféaﬂgré taqﬂéthg&)for

through (& over ‘a on

usi Ngerkedling ft@wontitpof RigheNokiee bomsmatmﬁs foR bloTbgcal act1v1ty
conponents of this 15 assay can be varied as descrlbed

abov dheanethad insludes she stppsief da) @re%tmgs?gh@lgay ofj a4 least 49 unique

fourth, .

met h 88@81?at1§%§ gg ﬁﬁl%r)] gf {‘d \N(Sé gﬁ?ﬁ% ?b rﬁé}1 Sﬁxgaé fégte er?xent that

cnbiimdhdarsmelo? mderealistiot Blolagibb.l\/mbbétles '(&}G:dﬁ&ichﬁg the array

i ncludes the steps of. (a) creating an array.

| eastof gombpiatigas of entities with the test element under cond1t10ns that
ensure that each entity/test element contactmg is segregated from the
others, (d) detecting or measuring a property of the test element, ()
identifying combinations of entities that cause an effect on the test element

25  that is different from the effect of an entity of the combination by itself,

and (f) repeating steps (2) through (¢) at least 100 times over a one month
period, using a different array in each repetition. The components of this

assay can be varied as in the previously described assays.



conbi nations of two or nore entities, (b) providing a
test elenment that 20 includes one or nore distinct
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element, (d) selecting entities that cause a change in the property relative to
said property of the test element not contacted with the entities, (€) creating
an array of at least 49 unique two-entity or higher order combina;cions 'froml
the identified entities, (f) contacting the array of combinations of entities

25  with a test element under conditions that ensure that each entity

combination/test element contacting is segregated from the others, (g)
detecting or measuring a property of the test element of step (f), and (h)
identifying combinations of entities that cause an effect on the property of

step (g) that is different from the effect of an entity of the combination by
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bi ol ogi cal noieties, (b) contacting the test el enent
wth at | east 100 entities wunder conditions that
ensure that each entity/test elenent contacting is 20
segregated fromthe others, (c) detecting or neasuring
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20 ions, (e.g., metal ions), and radiation (e.g., visible light, light outside the

visible_ range, microwave radiation, infrared radiation, or ionizing radiation
such as x-rays and gamma rays). Where the entities being tested in
combination are compounds, they are preferably used in purified form, but
can also be provided as components of mixtures, e.g., as natural product

25  extracts. For exémple, a subset (one or more compounds) can be in
purified form, each of the compounds can be employed in purified form.
Preferably, each entity/test element contacting is in a volume of less than
200 pL, more preferably less than 100 pL, and most preferably less than 50

HL or even 25 pl.. In certain circumstances, volumes as little as 10 pL or
8 | |



15 Process. Preferred entities to be tested in

conbi nation according to the invention are conpounds
(e.g., non-polyneric. organic conmpounds, in
particul ar, small nolecules; |ipids; carbohydrates;
pepti des; inorganic conmpounds; and oligonucleotides
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tested in, conbination are conﬁ)ounds they are
)

pr ef &epgRizedheismaliepieumes fe.g ol AnLisatever émlélnw byalsed

pr,ovi ded of .m r nat.ur
pfoduct ZEFeef?( rac@?&%%gpts&e ‘Hfﬁ‘iﬁg cells %Sgﬁns? d gie sor
nor e neptRAsfiEs)kd ¢als)kach Bs nddérs! ﬁﬁfi)bflé&'&ﬂm%ﬂﬁnﬁéclé hats,
conmpounds can be enpl oyed in pur| ed form

Pr ef é?rébaaﬁelléaﬂwleéﬁtnmsﬁq eslls, gliad n@lh?t embryade stagp dedls,i n

a vo r ef rabl | ess,

*han 0B Epei e SE pRareliniadPrand’ Sredisnd bacietisr
eveslls? Feqt cells] negral aﬂeﬁ1 i %@hﬁmdm %dl!ﬁ'iﬁﬁg qsceus and

little as. 10 ~tL or even 500 nL or |ess may "be TUsed

Aldi B eshla), (cjusterp of eelisptisnuds aameals mndfrecvmmlwted]cdbfracres

moat 5o it S8 Rl AT RS Bl ot B0l

t he Bidlo gibdtllly rdl@&fhﬁgﬂiolf&uwk‘%h Eﬁﬁgfcﬁém\@'a‘rir&%oﬁﬁclgoudelo
nL or even be used. referred

may
el ements Bhe efﬁh@iﬁ displayed by éesgred qomzbigdtionsen the kdsselement
neurons, . fibrobl asts

o e HREre RIS Syieteishid oGl R 2 pRo ety Ssnb itk St pich as

qel | an in@kdade of @bdrSaseSIDNARYKth &8 AN Habively, the combination
henmat opoei t| c stemcells, nmast cells, adipdcCytes,

pr ot B2y Beeddisivetia mature butdiave feweraide effédts; or vaaeatitysham

cel | n cl udi-n T cells and to

col | S5erPfledelU o epl ek P sfdndr, £ G ot
recmkéruétﬁfgmidltyfdf’%ﬁoth%&rﬁpoﬂﬂd sone instances, the
test elenent can instead consist of a single

bi ol ogi callig/entities\canbe vonteetad svithubh tess eh:nmmumany gaquertce,
g% Irrgfl)% ,g&fﬂeeéﬁtltg %a? EQ %ggg gxeéﬁfflgrln@{te 901?3/w9£§y {he addition of

I ons
a second entity, or alternatively, the two entities can be combined prior to

their being contacted with the test element.
The high throughput screening methods of the invention represent
| rapid and powerful alternatives to traditional dfug discovery methods
25 employed by the pharmaceutical industry. The invention can identify
previously unknown, and therapeutically potent combinations of, e.g.,
small molecules, some of which may be newly synthesized and some of
which may be known FDA-approved drugs. Where the effective

combinations are entirely made up of two, three, four, or more drugs, all of
9



are preferably synergistic effects on a property of
the test elenment, such as is an increase or decrease
in DNA synthesis. Alternatively, the conbination my
be additive in nature but have fewer side effects, or
one entity may exert a negative, and useful effect,
O aG8lidieire deddy FOACHROMRRL 3 Ay
of anot herecorrpo}{md. 'Fﬁ)e en ?%inggpg%%ﬁ]ggﬁ%%ﬁ?sa%tge &
wi t hadventagesif belremnensily noved yhroegh drcED A @pravadprocesse
entity can, be added t he test el erent, fol]owed by
the addi + DUt Spaties zad afipniages of themvantios Wil be anmprent

the £y gt Ilg@tﬁ#c?é?mféﬂd%?&ﬁn%bt%ga#{ig&h {g_h%_._.ctléiﬂféi r being

contacted wt e test ele Ar oughput”
sgreeni ng nmet hods of the invention represent rapid

and poyerful alternatives to traditional drug

di scﬁﬁ-&%ﬂgﬁt hods 25 enpl oyed by the pharnaceuti cal

i ndustry. « i ' ' b L.Qusk : .
ng‘:ﬁ? ﬂ%i’o(?m bl?&nﬁﬁ?&fbpo : AX us%}?e\féi%ir g é(onél?l’natorlal

unknown, a ner apeuti ca ent conpl nal't ons

e. g. chensisay |libraly® s d plaralitp o€ corhip i rableotlys, iR e foecably
synt hesi zed and sonme of = which may be known

FDA- BBBFOVEY Cimagea IRdies smh@sfimyskﬁ?mediwmahmcaﬁgld
g ERltes by TRfSoiRe il reh BARE e AR sl of B Gpifigation

new eliiBisbaffoldrstdatrd.he further advantage of being

easi |y nmoyed through the' FDA approval process. Qher
feat ures dMYCEHOVIETNGAS ysedhrseinng Ediviesss Likirany” pea plurality

; . . ' O
ang §mplk Heclies AR AERUIES SoRERR] ol ibre
chenpatemtyall sobroas,ineludin gl eekiftdigadHemidall £ §Hithéddded thélecules

chemstry library” is a plurality of conplex :
ol csueleas figrea phamagenticalrompansie pospreiarydirany).guturek

' V8 S . fohd. | .
oy SHPagF el AR R o G Gy e
~ di vegdnietdtedby eombafatériie chemishl tcisifued. ur e. -

“Diversifiable scaffold structure”: As used herein, a “diversifiable

.scaffold structure” is a compound synthesized from a template structure,

20  which contains latent or active functionalities capable of being further
reacted with synthétic reagents to generate at least one new functionality.
As used herein a “latent functionality” is one that is present, but is
temporarily inactive. Upon release with an activator reagent, the latent
functionality becomes active, and is thus available for further

25  diversification.

“Test element”: As used herein, a “test element” is the system to

which the combination of entities is contacted, and which is then observed
for the effects of the entities. A test element preferably includes two or

more biological moieties inside of a cell.
10



"Diverse library": As used herein, a "diverse |ibrary"
is a plurality of conplex nolecules that have been
assenbl ed fromany of multiple potential sources,

i ncludi ng preexisting chem cally synthesized nol ecul es
15 (such as from a pharmaceuti cal conpany's '
proprietary.library), natural products (such as

ni crobi al “Conmavwndprivting: dishised harein, foempotridprintingd refers

gener,ated_by. conbi patorial, chemi stry technigues. .

o v dp S rebfjcBRER of P Bids ot Bvdoce (acedine) Hrheot highs

" di veyréditioakRbBot shelRhd i ‘mil

synt Ejgsilzled fr otm a te&hflj%st%g ngte P&Nc[téﬂlrlg%a&%@'ﬁgﬁjl)ﬁg - Cher.
cont &ags 192%,dAl, %967alﬂrg§__\).e’1‘hc| nempowad spotesandeiflmicedns in
bei ng,.further reacted Wwth synthetic reagents to, _, -
ggne?lé%etgf %% gﬁgﬁlero‘ﬁ“él tﬁ%\ﬁf’@ﬁﬁﬂ SoRaY be 91_?}9&@\.14}%3' hnke_d or
her eiaghéring & @RtsuffBOCthRRR! dlddfrostadic P ﬁycgggﬁoﬂié interactions.
present, but is tenporarily inactive.” Upon release

wi th an actMicxoBuidics3genusedtheseihAfreiotofluidios’t devivak iatey
becones actjve, ,and i hus avail abl e for further 25

di verrBRMIiS sialptiies mae by ahg of e lngtheé%# PRatithogrgphy,
"tes i nvert ; 3 j e ' i on
of oy N Ay (e S TEAHRI,
fior Meumshime¥iew, 6TAtHp:/Emtvint cadipertdch.ash) @l wersementional

preferapbly includes or re . bi ol ogical noieties
i nsi a%eafg?‘ysadsl%@? ps S@@l“ﬁoe@ﬁﬁ%:%swb% P18y ARgesehem. Int.
her eigy, EngRT098 sy ggbmfgy_g" refers to the application
of conpounds ;o’ a’surface (e.g., glass) using a high-
preci si on“Inkijst”: Asatsed berelp t“inksjet?’ teohmdIb@y refers to both
mcrgoarraying. (J. Chem_, Soc. 1999, 121, .
7967%’%@{@%{?& a%%/é\ﬁ]aﬁnwzgﬂs%céarﬁmsc@@iv&wscﬁ%ﬁehvw 5
qgamgﬁl@nv@qu@%ﬂf@id@nd the conmpounds may be either
covalently linked or adhering to the surface through
el ect r ost abmallanolbgude’c Pisalsed herdir“antallanslecule” refers to an
"Mcrofluidics": used herein, "njcrofluidics" .
devi GHEANIE CoriROUnAABEr SitiksiAsdb thalaBorsyory ey femdingatre.
met hodsicafly phaheh imdiaid e?lee | i
phot o |%hoé{)ihaphy (e.q. Cig’:z‘lﬁgrearct ecgg[gﬁ%éﬁg@{ﬁms‘gg@@d
carbon-carbon bonds, and has a molecular weight of less than 1500 g/mole,

20  although this characterization is not meant to be limiting for the purposes
of the present invention. Examples of “small molecules” that occur in

nature include, but are not limited to, taxol, dynemicin, and rapamycin.

Brief Description of the Drawings
25 Fig. 1 is a conceptual diagram demonstrating how two different

reagents could act synergistically inside of a cell, where the reagents bind .

to different targets within the same cell.

11



1o Mountain View, CA; http://ww.calipertech.con) or
unconventional nethods (such as soft |ithography,
described, e.g., in Angew. Chem Int. Ed. Engl. 1998,
37, 550-575). "Ink jet": As used herein, "ink jet”
technology refers to both thermal ink jet as well as

pi ezoel ecti,C ' ) j ;

rml | vol UnEc? S et RAN b QRirtfen st IR Yo Hofferont

her ei reagémtsraduld niod saelgisticalky atsédetof aarorgarigawhere the reagents
compound either s ,{hesi zed in the | aboratory or found

i n nalinddo targstsin %Htﬁeﬁ%ﬁltllssﬁﬁ ecule is

characteri i .. ' ' .
Ot o B8040 Bmbl O SARENTSh e wouid i n

| &ss ¢omabinafdial gresl of th@fbratiésteibehhéreins The results from five
characterization is not neant to be |imting for _the

pur podisierens 88¢ peellpletse are shawan iheesults argshedvigin platedpymat,
nol ec et [ nat | '

not Iél‘}irlnglt%e erteap @@%ﬁoﬁf’ a%‘élﬁ%ﬁ’ﬁ @]ﬁug% ali‘;igﬁ;l ?ggg:rpr%/%s.’ ?%%lleedfl _
Desc rﬂhﬁufhmmfmdﬁle@r@abmw #%hbivel.in tadlswell aon aanibés|where

di agram denonstrating how two. different reagents. .

coul d! smeanshaset agtivity dap effesth gnd & nedang ag aptive oralinatiowis
rgqagei%ﬁdbi nd to different targets within the sanme

. cell. Fig. 2 is a conceptual diagram denonstrating
how t wo diFiges &Y diafiRa06fd metidd fdr p&iforming Eainbiriataidly

i nsi de of an aorganism where the reagents bind to

tar geacseqnmgjum&c@mnﬂcve:on@nmcwtlkywaégnle tcgnologys an
exanpl e of the experinental data one wouid obtain in a

5 conbi natorial screen of the sort described herein.
The results fromfive @®dthidsEDebsciiptiore! | plates are
shown. The results are shown in plate format, where

tHere are H® presest invsetienipmvidassugshods, of pemnbining dibyages of

et M 1 Gl Kot i
act i vthtotghpot ekddbip sydfteh bsifip 2618 van baslépival Redisitoademity

.is 10 found. i o o
- effects of the molecules that are only present in their unique combinations.

Such combinations may then be used to probe and study additional

20  biological systems, may have a direct biological use, and may serve as the
active molecules for novel buman therapeutics or other uses in humans.
These combinations may also be useful for promoting the growth, fertility,
maturation, or other characteristic in specific agricultural products,
including animals or plants. They may be useful in creating cosmetic

25  products, fragrances, food preservatives, or nutritional supplements. Thus,
the invention provides powerful methods for systematically performing |
high throughput screens of combinations of compounds to discover

combinations having improved properties in biological systems.

12



Fig. 4 is a diagramof a nethod for performng

conbi natorial screening using currently commercially
avai |l abl e technol ogy. Detailed Description 15 The
present invention provides nethods of conbining
libraries of individual nmolecules in 2-, 3-, 4-, and
hi gher ordg; conhinations in a high  throughput

screeni ng SYy408 PRgMacPalicalt nfsrantivgivith cumplay systoms

| dent oy as BliiG ce1Lind @Sugyn%'? gfg%ﬁlztﬂ ;blg%cgg %ﬁe&weywhen they

present 1 n thelir unique CcoO

conbi vmtdinmltiple atiienadunisibatintadhatemanpletibeular targets,
addi t jonal .20 bi ol O%I cal systens, may have a direct

bi ol o§Hs dndgrstanding oI kay rharmaceuticals eperatet founs ane of thedwmses

f . - her .uses i.n, humans. . .
THose b oubt ey aker KRHHHED sBby e BB iR This
the grewbproddr fromidey to yiehd draaiatie Ampfiveielin many existing
characteristic i'n specific agricultural products,

i ncl BTG eRls: s o vide sffsetive theapies fercuseently éftpactable

or cocy vaero BETChrig R A i pRUEA ERees iR Rl

I nventariablepr ovi des powerful methods for systematically
perform ngrhghi gh throughput screens of conbinations of
cBnpounds th§ HiseiAminantqasadigniafitke plharmagelitivat ndasitry is

prop Is s |0 i.cal .systens., 12 W posit that

Phar vt veich AR i b ifetaet S0t abaroaghses
as huwwenndekiandiap Gf hdGwe fabdé @esﬁ%rh%hﬁir&rﬁeﬂﬁ a8"8® centerpiece
ef fective when the&wcont ain multiple active agents

t hat 9fadEameyorkifonthesystematic dovalepmhent af amget generatinmsof
under, Hie) how phar maceuti cal s operate forns one
of H@E@gsgsg %’or our new strategy for how they
sisoul d be desi gned and devel oped. This new approach
prom ses to yield dramatic inprovenents in many

i : 26 nestedin Gepbinetion de ef fective therapies

for cure ~b:- - tI i seases, .particul arl ) .
di seases ?‘gé%llﬂf ?{rl]%&%lo%ggg acﬁ'é gvﬁleﬁhoﬁ?ﬂt}qeﬁ can be fested in
var i abinbimatidf addvediagrts € indemidiANThdR8 kAT SdReutda in

pharmaceutjcal industry is
greater detail.

20
| Compounds and Ions
The preValent class of compouﬁds that are screened according to the

invention are small organic molecules. The compounds can be synthetic or
naturally occurring (é. g., prostaglandins, lectmé, naturally occurring

25  secondary metabolites, hormones, etc.). Large libraries of such molecules,
in purified form, are available in pharmaceutical companies, chemicals
companies, and academic laboratories; such libraries also can be
synthesized using known combinatorial chemistry techniqués. The

compounds may or may not have known biological activity. The
13



one in which one drug is designed agai nst one target.
Qur approach uses our understanding of nultivariable
design requirenents as the centerpiece of a framework
for the systemati c devel opnent of a new generation of
pharmaceuticals. 15 Entities to be Tested in

Conbi deaipcundéand SoriBitiatRie tibadRiey of tha ﬂMéﬂﬁioﬁafahQie)styﬁfhesized
entities can be tested in conbinatjon according to

t he ifemrdivespifiallesolid supperohowidscatiolds, §.8., compareds and

det aiqt,. 20" un | ons;. : val ent SS.. of
compdiiiach A 236G ah o Sl gRhE Pyt FulRh fom o
| nverghildmi@heidmeed epxgal idnglte e flodsthe PyeideTpayeademplate
can be synthetic or naturally occurring (e.g

priostisepisetinanide) Eraddigon tmsralhprgpnisquelesileg ofher molecules

seco r tabolites, hormpnes., etc.)..lLarge.. .

b AP Rn i e BT coaiPingRos epoftibe b s Thifionpgtude
avai | sibpSlyhders) M iEHEL liz6 Mkl ST DR arfd RNA)abSlypeptides
conpani‘es, and academ c | aboratories; such |i'braries

al so (eatibdsdes, syrprhess reogtarsilipgnéds stmcturatprotainsy inatant

chem st t echni ques. . The . conpounds nmay .or..Mmay .not )
have FRIE Of PO PEFiS Erd PRI FREmeRest it P aydrates
CRTOI pAtRIYAbcHdrled! IRPgfic hitfedulistiah bRRcfedAed s well, as can
synthesi'zed fromdiversifiable solid support bound

scaf fuitetdially bjologicellp ectivsioanduch asimetal st higy, ceppeer, iron,
generated froma di.versifiable scaffold synt.hesized

f r om SHVET FiNE, FRASICHIYR: BRRSANSHSABIT, BhEHAIORT £ om

the pyridine-based tenplate 5 isonicotinamde. In
‘addition to small organi c nol ecul es, other nol ecul es
that can &hecErtiiesd i n conbi nati on according to-the

et on (el e o) YRS BELUER et bitogicn

Ig ant 'es?'glghﬁ Zan Be4Y/Hfled AQLAPHES thel i 9% asShEN ke in
combination with other non-chemical entities, or with chemical entities, as
described above. Non-chemical entities that can be screened include light
(visible and outside the visible range, e.g., infrared and ultraviolet light);

20 ilonizing radiation such as x-rays and gamma rays; hyperbaric pressure;
increased or decréased témperature or pH; gaseous substances such as
oxygen, nitrogen, carbon dioxide, etc., and acoustic vibrations (sounds) of

any frequency.

25 'I_‘est Elements

The biological assays used to detect the effects of the combinations
will in most cases be composed of multiple components. In some assays,
the test element is a whole cell, particularly where the assay is a

phenotype-based assay. Such a whole cell assay provides the complete set
14




anal ogs of human proteins, and peptide hornones);

I'i pids; carbohydrates; 1o and pol ysacchari des.

I norgani ¢ nol ecul es can be screened as well, as can
potentially biologically active ions such as netal
ions, e.g., copper, iron, silver, zinc, magnesi um
manganese 1calcilu and %?Id lons. 15 Qther Entities
a her%! WP Bipleckar migractippsthatae likslydadomn the basisafia
bi ol ogiy ishist c ' the
et o e R G R SR aReaReT Pl My silpy 2
non- cieeeristisiitedreelltfreesnedinnvihatcontutins mahy effhictdegBed ésmplex

descrsi E%d sabo%ﬁ]@ Non-.chenical entities that can be
scr e WRITInERT Bt PENRCIuES e Tcpompretist s bared on the
vissi ety aieiBinathrthl effbat el AR s L OB Qégsg&,ls,réfn?g%l}igher

.20 ionizing radiation suc rays-and
hy perdsderi bjologicad syséems suntraahesteroof o] #ae6| and animal

tenperatyre or pH .gaseous, substances such as oxygen,
nitr dﬁ%@ﬁfs g%”B Vaﬁlgﬁfﬂ a%*,n%lé\aaqr}al serEeHBSuSt i C

vi bration ; . Test.

£l oment o Th Booeae Sy 20 RRMTR Yesafi8r EfVipy

ef f ecompoindsis readily ataptedts thertdrhbinftof@bicré@Has oPfhe present
conpased  of rrultig{ﬁ; conmponents. In sonme assays, the

t¥st BYDHOR: ASSaymeagremenisican iglydes foraxampithdrasspareof a
assaykoj S . whol e cel .
esay P nd ALRRE LB AR ASrAS Moyri SH POshul Bofof Bolentil
nol e@eherationt eellgrolifenatidnyatll death,| deladpyciticadion, weflhe

basi s,.of a. multiyariable therapeutic conpound's

ef f i ?é@??n*&tﬁ’é‘r cﬁll TYgratigRfeRe exPresdien A prateindgyels npasured,
free ' [ ired.c | ex.

L ¢ ST AN AR o) pb 0L oA
tihat phespbasdatiom méthyktibh keektylatinbiraadleddtidn fff @6tein to the

bei ng_assayed for. O her assays enpl oy hjgher order

bi ol ga‘?%‘?‘gg%"ﬁ é’r‘i‘%efgb@hgea@ Rip%gﬁt lopaliggtiogp abdlity(tp sesive,

22 (rj egﬁt:h%#n (eRIehful 8F 2 %HétEﬁer%,' aiﬁla%i'lftg%) bf u%(c_'aglimmune
response. In whole organism assays, animal behavior can serve as a

reporter.

20 In one example, the assay is a non-destructive assay (e.g., a cell-
based assay in which a measurement of the effect of a compound can be
obtained without harming the cells). Such an assay allows assays to be
performed on multiple concentrations of multiple combinations per well.
For example, compound A is added at increasing concentrations to a well

25 and a measurement is taken after each addition of compound. When a
desired concentration of compound A is reached (determined based on a

desired assay response or on known properties (e.g., toxicity, solubility) of

the compound), compoimd B is added in increasing concentrations, with an

assay measurement taken after each addition. This process can be iterated
15



Any bi ol ogi cal assay that is useful for assay of

i ndi vidual conpounds is readily adapted to the

conmbi natori al screening of the present to invention.
Assay neasurenments can include, for exanple, transport

of a conpound across. the cell nenbrane, electrical

POt ey tineS i QBi-p% GB] dowi gﬂ&&&&d@&m@a&ds, ot eyen
proliferation, death, specification ?

di f f endhionsof aﬂsaysx:telble pmrfgrmbd ona s1ggieq31:§xpr ession or
protein |eyel s S% detectin NA,,
protein, §¥ gl?le Hgﬁo&ﬁfﬁﬁl?%ﬁ?ﬁﬁot entjfy
phos %&E%h@ﬁlﬁ@ %ffeéf? BP ¥$1ﬁf>in%%nsaqﬂﬂék ) combinations of
transl ocation of a protein to the hucl eus (or
otsherconipzouyes ithat preotoe¢ene daretheir abllmyl )q kidllorldecyseat®

resi st i’:) gath en (eﬁ , rus or a bacterlg and _
abi | | Rrglifesatian,o ok ellypan witmléchfﬁeﬂﬁé @ their effect
or ga =Ll b SRl
repoﬁ@el‘?’% ’al?/n iy re'%é%p ﬁt}ﬁl‘f)%xod”uogggg g’(ﬁ{lé tHat display the

non- diesirediattivity oustmyor(cellg and that hhve hﬂolasne @hoﬁ&ayom Aormal
whi ch neasur.ene of, the effect. of a conpound can be
obt ai G5H8 246 PUFERIE ‘ﬂ%"@hlﬂ@n%ﬁe Coanhinations {haf appegidedypve an
alJ owWg, dasiraY et @ otﬂ%olnﬁlﬁf {e‘?fs@%loeg %xltgli’éﬂ écpl ’Phesel tfer

concentrations of nu e co For

exanombitaige. (ot cdinbﬁxaﬁdﬁha@f @tnpdmﬁdﬁharmg sumlar structures)
concentrations to a well 25 and a neasurenent_ is taken

af t erm@adIevEYar-thesiiestive agifiarsat conrsatrationseanidrshguld not
conc d (determ ned
baseg{égéﬁgh%é;&?cg%&%gﬂsﬁg 2{ragsh%cr)l%se ' on known

properti eCelBfrge medfaxéonitdipingsoipied bioyjoledules sueh as protems,
compou compound B is added i.n increasing

Uit SHTIOLYAGHSE, a0 didarire BPda Py FDaVBTBHGALS. tuechy oing

h
O o, g8 Bafl BB RN Rl A Ty, o
or ewsrpurifyidg aaspeci.ﬁc facivnsfrérn sheh peell bysaes] bymshw a
single plate. be desirable to perform

c onpaaongaﬁ%%lé'aquaﬂeglp delhit mculeex@ulwaée éqoa@nenlofé@teé for
conbi g%?l’ghﬁp%ztn':\% 0 AR 10 CB?I rﬁb&:sﬁﬁ%g%arcttiénﬁo oL IbPrl

conpaou are scre eir abi Tt
ozo dédmrwestrg the culture supernatant from mammalian, yeast, or bacterial

cells without lysing the underlying cells.

Cytoblot Assay _
One method of detecting activity is the cytoblot assay. In this
25 method, cells are seeded into wells of an assay plate. The cells are
preferably adherent cells so they attach and grow on the bottom of the well.
The compounds aie added using the methods described above. For
example, the cytoblot can be performed to detect proliferation by

measuring the incorporation of BrdU. In this examiple, the cells are
16



proliferation of tunor cells can be sinultaneously
screened for their effect on normal, non-tunor cells.
Combi nati ons of conpounds that display the desired
activity on tunor cells and that have little or no
effect on normal <cells are preferred conbi nati ons.

Conbi nations. that appear_ to have an to undesired
ef f edicubatechforasetpeniod efitime,de.g., grtef/@mouts). The seedium is

| att [ I; or._conmbi nat i.ons .Qf co unds

navi e FREAARE T Mantl R8Oy e B veg e v
at dishitesreait eightelRnhslal ) STIRIYE11S BRIMited 8} the addition of 70%
necessarily be excluded from additional study.

Col | Hase] ApAphospbatcabfane Gomp(BHSPRONRE e dlbosrsTotr
Ront e Eetyed B PeEhive i sapf i £E Ricfucbes

yeastwash] 2NIGCEWith!0, 5% Tvedh@03E QUH&EL% R Hefl HEDD minutes.
| ysate, or by purifying a specific fraction from such

a cellhe/HGhissieubylized wijh a sobsiomef Hanklsypatanaed sdit solution
bbi i t t f .

por { SRR Bt d oty B Bt o, NAQFD: T SAufiaion
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On thod, of detecti tivit is.the cytoblot
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of amARe %}iti%ﬂt{ﬁantﬂbﬁxqﬁ pRY &hﬁmﬁg%%%lvﬁeaﬁgﬁ{é &t umin

cells so they attach ahd grow on t ot t om of
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saline (PBS) at 4C for 1 hou
contains luminol, hydrogen peroxide, and an enhancer such as para-

20  iodophenol is added to each well. The amount of light in each well is then
détect_ed using either exposure to film (by placing a piece of film on top of
the plate) or by reading the amount of luminescence from each well using a
luminometer or luminescence plate reader using standard conditions (e; g |
0.3 seconds of exposure i)er well). The amount of light output from each
25 well indicates the amount of DNA synthesis that occurred in that well. A
desirable combination of agents is one in which there is either increased or
decreased light output compared to a control. For exémple, a combination
~ that decreases light output would be decreasing the rate 6f DNA synthesis

and, thus, may be effective in prohibiting or preventing the proliferation of
17 '



5 fixitive is renoved and the cells are washed once
with PBS. After the PBS wash, 2N HCl with 0.5% Tween
20 is added to each well for 20 mnutes. The HO is
neutralized with a solution of Hank's bal anced salt
solution (HBSS) containing 10% by vol une of 2N NaCH.
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dési regpoase tnditantigensdiut agbalicantigens are wsefili agtoimmeyne
is either incre sns.or decreased |ight out put
conpg?eé'ap?uglcac ghdtaeél. For exanple, a conbination .
that decreases |ight output would be decreasing the
‘rate of DNA synthesis and, thus, may be effective in

pr ohi bi t i €§her Msthods of Datecting Astivity f er ati on of 17
“tunor cel ks, t ernat i wel an. i ncrease in light .

out put r e s SRR HRvieoY assB i REGRAR i to fi hetegion of
e¥anphfigewtheOtafl Bi8E. Wo18BYdr, 68¢ ban Hétect a variety of post-

translational modifications within cells. For example, an antibody against

q

the phosphorylated version of nucleolin or histone H3 is useful for
detecting cells that are in M (mitosis) phase of the cell cycle.
Combinations of compounds that cause an increase in phosphorylated

25 nucleolin or histone H3 in the cytoblot assay would therefore be
combinations that arrest cells in M phase and are possible apticancer'
agents. One could also use a cytoblot assay to detect increases in the
acetylation of, for example, histone H4 using an antibody that specifically

recognizes acetylated histone H4. Compounds or combinations of
18



for exanple, a 200 X 1 conbinatorial array (in which
the one fixed conponent bl ocked DNA synt hesis and,
thus, had a toxic effect on the 5 cells). Using this
array, one could screen for a second reagent that
prevent ed thi s toxic effect of the first conpound. In

a varl et defi ci ency di seases, the inmmune
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translational nodifications within cells. For exanple,
an anti body agai nst the phosphoryl ated versi on of

nucl eol i nReportérsFemeetsksi s useful for .~ detecting cells
that are M %m tosi s) phase of the ceI | cycle.
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agents. One could_al so use a cytoblot assay to0 defect
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- acet yI at ed h?ﬂ %%tgg%n%gﬁlﬁl 2 Calrlﬁ%r?iﬁ %{'ﬁm Zeamg a3L8
polypeptide that is readily detected due to a colorimetric, fluorescent,
luminescent, or enzymatic property, and an enhancer/promoter element,

20  which confers specificity to the expression of the reporter gene. Reporter
elements include, without limitation, luciferase, beta lactamase, green
fluorescent protein, blue fluorescent protein, chloramphenicol
acetyltransferase (CAT), beta galactosidase, and alkaline phoéphatése.

~ Enhancer/promoter elements include, for exampie those responsive to
25 NFAT, p53, TGF-beta, or any other signaling pathway or stimulus for

which a responsive promoter/enhancer is known.
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conpounds that cause an increase in hyperacetyl ation
of histone H4 could also be anticancer agents. . In

t he foregoi ng exanples, the procedure nmay be altered
in that the nmediumis renoved and, a fixative (70%

et hanol or 4% formal dehyde in s PBS or Tris-buffered
saline) is added. The nenbrane of the cells is then
perneabi |l i zed by renoving the fixative and adding a
per neabi | NFaBi on agent (e.g., Tween 20, triton X-100,
or nmethanol). The nenbrane perneabilization agent is
renoved, ©ne cemmescighy availablowepoetar genehis pBEkS; a luciferase
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geneincRbated far4-26 hetesne 375C iwith 6%eCOw Themedium is removed,
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chl o gOPReINbEPe s&t EFES_;)aﬁSafdﬁé&SGﬂ §Aadddaeit @ dose
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C onGRFHE i Grhag tOSERR M EoREP CAR TR St By e

- pr QnPélf‘srirg HABERA at 374N 5B TR 2 weeks, with medium
changes every three days. Stably-transfected clones will have grown as
small colonies by the end of two weeks; these clones are separated by

20 ring-cloning and prppagated separately. (G418-resistant clones are
screened for the reporter géne of interest by measuring light output from
cell lysates with or without transiently transfected NFkB present. Once a
clone is identified with stably-transfected pNFKB, it is used for screening
by plating the cells in the assay plate. |

25 For a transient transfection assay, the pNFkB plasmid DNA is
mixed with a transfection reagent, added to a 10 cm petri dish containing,
for example, A549 cells attached to the dish at approximately 70%
confluency. The plate with DNA/lipofectamine is incubated for 4-16 hours

at 37°C with 5% CO,. The medium is removed, the cells are washed twice
20



One commercially avail able reporter gene is pNFkB, a

| uci ferase reporter gene that produces |ight when NFkB
is activated (Stratagene,.La s Jolla, CA). This
reporter gene can be transfected, either stably or
transiently, into a cell line of interest (i.e., A549
human | ung carcinoma cells). To generate a stably
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assay plate. 25 For a transient transfection assay,
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DNA/ | i pof ectamine i s i ncubat egvfor 4-16 hours at 37C
with 5% CO2. The nediumis renoved, the cells are

wgshed tv %fueorgs%ence Resonance Energy Transfer Assays

- In another example, fluorescence resonance energy transfer (FRET)
is used to detect and measure the interaction of two proteins of interest. In
this example, the first and second proteins are fused with green ﬂﬁorescent |
protein (GFP) and blue fluorescent protein (BFP), respectively, using

25  standard molecular biological methods. The DNA constructs encoding the
two fusion proteins are co-expressed in mammalian cells, yeast, worms, or
other cell or organism using transfection techniques described above or
other comparable methods. Combinations of compounds are added. The

plate is placed on a platereader and fluorescence is measured as follows.
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with serumfree nmedium and then nmediumw th 10% FBS
is added. The <cells are incubated at 37C with 5% CQO2
for 24 hours, then plated into assay plates for
screening. The reporter gene can be introduced into
the cells using other 5 techniques, including,
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Transfer Assays In another exanple, fluorescence

ge
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(GFP) and blue fluorescent protein (BFP&, Lo
r s petrnadeand Smeihgo ksalizepen cachether and may by ajivatng
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t echni ques descri bed above or other conparabl e

net hods. Conbi nati ons of conpounds are added. The
plate is piaced on &plat frpadspapd 11 uorescence is
20 Another readout of a change in a property of a test element utilizes
fluorescent calcium indicator dyes, such as fluo-3 (Molecular Probes,
Eugene WA; ht‘m://www.molecularpfdbes.com), fura-2, and indo-~1.
Fluo-3 is essentially nonfluorescent unless bound to CaZ* and exhibits a
quantum yield at saturating Ca>* of ~0.14. The intact acetoxymethyl ester
.25 derivative of fluo-3 AM (fluo-3 AM) is therefore also nonfluorescent. The
green-fluorescent emission (~525 nm) of Ca® -bound fluo-3 is '
conventionally detected using optical filter sets designed for fluorescein

(FITC). According to the manufacturer, fluo-3 exhibits an at least 100-fold

Ca?*-dependent fluorescence enhancement.
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21 The donor fluorophore (i.e., BFP) is excited and
the em ssion of the acceptor fluorophore (i.e., GFP)
is measured. Increased proximty of the two proteins
will result in an increase in em ssion of the acceptor
fl uorophore. Thus, a conbinati on of conpounds t hat
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20
. Expression Profiling with cDNA Arrays
'Another assay for the detection of compounds that, together,
produce an alteration in a test element is expression profiling. In this
example, cells are seeded, combinations of compounds are added, and the
25 cells are incubated for 2-24 hours. PolyA RNA is harvested from each
well using standard methods. The RNA is reverse transcribed into cDNA
using standard methods, with the exception that a fluorescent dye (e.g.,
Cy3-dUTP) is incorporated during the reverse transcription. The

Cy3-labeled cDNA is mixed with Cy5-labeled cDNA from untreated cells
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Ca2+- dependent fl uorescence enhancenent. 22 Cells are
seeded in wells, fluo-3 is added to the cells

following the manufacturer's instructions, conpounds
are added, and fluorescence is neasured.using a plate
reader. Conbi nati ons of conpounds that result in an
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be useful for treating cancer, auto inmune di seases,

and migve the effechoofingilinsi on Profiling with cDNA

Arrays Another assay for the detection of compounds

that, together, produce an alteration in a test

el ement i syitpORgations profiling. In this exanple,

cell's are seeded, conbinations of conpounds are added,
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usi ngleghanibaylacadahtoogidividal Rvelld @x@f@aﬂylv@m frio@é than one
fluorescent dye i g.
nematode per well), and the activity of compounds is detected by detecting

a change in a property of the organism. For example, the nematode can be

20 engineered to express green fluorescent protein at a specific stage of the
life cycle, or only during the dauer state. An automated microscopy
system is used to image the nematodes in each well and measure green
fluorescent protein, or detect morphological changes in the worms caused
by particular combinations of compounds.

25 Another whole animal assay uses large animals, such as nude mice,
that have tumors on or near the skin surface. The combinations of
compounds can be mixtures in DMSO that are rubbed into the skin,
penetrate the skin, and reach the tumor. Alternatively, the compounds can

be administered intravenously, intramuscularly, or orally.- Other whole-
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Cy3-dUTP) is incorporated during the reverse
transcription. The Cy3-labeled cDNA is mxed wth
Cy5-1abel ed cDNA fromuntreated cells 23 and

hybridized to a DNA microarray, (e.g., a DNA
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Whol e Organi sns 15 Anot her b| oassay that is conpatible
with_the screening assays described herein utilizes a
Whol é_laili&@f—(l?mﬂ@:ﬁ?ééexanpl e, the nematode C. el egans

than one ke Qb iePT elibe pRbRaSURRL iy ST ©

co n’p@cbtﬁ’dhed%nd&ésﬁlﬁdn@@lab&led einaohidiembadifftatidel dF rore of the
properté of the organism For exanple, the nematode

can grmbinedsytitiessis dabeted soxtpatcths eéﬂeetarlpf t?r: agmbgra@nn on the test
ot y et o BRI ForSh 8, DG or il e st 3ym

sy st kbelssanbediséd) eigragchrifeesibapiAdezeh Qsabwitieheld and
nmeasur e, green _fluorescent protein, or detect

mor phOFRERIEY ferpreiis affmitrbrometagrenhysesing biptin-streptavidin
par t%@&k&ﬁorﬁ%‘eﬁ'ﬁﬁﬁ%’f‘e %g&? ﬁpoqglﬂg z{]an%gecﬁ Sgél %rgw atf

ani ma assay uses | arge a

t hﬁ% Abad/ eSdi. lIIiSL?SQQD, g SMWHM%GR@ Al Méthcisen EhB@mology,
conmbi_nati ons
Wilcheck, M; Bayer, E.A. Eds. Academic Press Inc. San Diego, 1990; PP-

20 123-129).

Combining of the Molecules

The methods of the invention can use existing robotics systems, 96-
| well, 384-well, 1536-We11 or other high density stock plates and 96-, 384-,
25 or 1536-well or other high density assay plates, with which it is possible to
screen up to 150,000 cbmpounds or more per week. The automation of
this technology can be adapted according to the invention to screen
combinations of molecules. The methods of the invention may also use |

microfluidics systems made either by conventional photolithography or by
- 25



conmpounds can be m xtures in DVBO that are rubbed into
the skin, penetrate the skin, and reach the tunor.

Al ternatively, the conpounds can be adm nistered

i ntravenously, intranuscularly, or orally. . Qher

whol e- 24 organi sm net hods of detecting activity could

i ncl weeonssdntign srmbthod @RS @sﬁsofﬁl%b&fﬁﬁh% bR Hld bhEsH

Xenopus oocytes that develop in defined medi um
or gatidtogsppilyn ie miniagir{zethe piecessf Thmmétbedsmf the invention may

o Brogedrhie: Brinkig or SO iR ekbliess Aadisionay,
(f er tid meawbdeof e i@vénitlonaRsh ude tPihéd Mehhitiad lzgf(%r to achieve

ani mal s. Anot her assay neasures the tension

cér diecsamerageltvandibswighpui assherahoties syséemsd dtheeembinations
springs.._cQ und gonbi.nat.ions tha | ate '
cont PRECTBRRE ey BPERUF priop R seoties o0 1 Rrbelewent arithey
t he LHERIEOR ih RIS r ' i &&%prﬁ
Althoug'h sorrégtﬂa%says e%ﬁ%bgg%cegégu%?gﬁtwﬁ?ﬁgm any g‘?‘gas
t he arsoiescribetl nmptd degaibbéloy. | abel ed, in sone

enbodi ments one or nore of the conbined entities is

| abel ed so that the effect of the conbination on the
test el epeptLARhe detected or neasured. Any of a

w de variety of kno 15 | abel s can be used, e.g.,

t echni que€onipatinfiemeay be piateds@c.widded 1o the celis tchersrt) y

bt ot FRLEHE LA ianain ror D CARCH SRS ramsaually
t a0065mB1RH %l et PRKIERY .clgigfﬁgic toridl'a yl\/glfﬁﬁ lgargpiéﬁﬁ&’s, which

Sci . USA 1991, 88:8972; W et a

Enzymothisggase ivihddhsavkn codnpBaryds; areBnA stdaksplatec dtherdotnpounds
Press I nc. -

.San. D ego, 90;,..pp. 20 123-129).
ot ARG I Bt Bt THCOnFeA RpBG s boompound (or
i nv -
354 b T PESRHREpfY Hobl eThe SroBl SIAET ofFonl B the
- and &Bay pb8dland theh plated &xBdHeobeinh inthoissey plateg MTisie isidpygated
assay.pl ates, ,w which it is possible to screen up
to 1%6?@0‘008 8[1%6%“ &he stprierigts: OWS’etg? Pigtingdn tmasspy plate
of s one row over and one column over from those into which the first
20  compound was plated. This process is repeated until the full set of

combinations has been plated.

Robotic Plating
'There are numerous methods for adding compounds to wells to
25 form combinatorial arrays, and one skilled in the art will recognize that the
following examples are for illustrative purposes and are in no way limiting.
In one example of robotic plating, a robotic liquid transfer systems
is used. Transfer systems are commercially available from, for example,

Beckman Coulter (Fullerton, CA), Tecan (Research Triangle Park, NC) or
26



this technol ogy can be adapted according to the

i nvention to screen conbinations of nolecules. The
nmet hods of the invention may al so use mcrofluidics
systens made either by conventional photolithography
or by 25 unconventional nethods (such as soft

m ni AORRRCHRE P TeREelPrysiemonlagh oAy of

may {Ré Hgst4eof éﬂfnﬂgcﬁ.{ndp Idt@Eédihgwél‘i nP'Q ER)%H ?6’&?/ psrdﬁﬁttl'xaﬂ Yow 1

technol ogi es. Additionally,
i nvemwi ldmvns:be same compourel)rave @hmuchaara thedzmie dompmaindeste,

5th a resul d,t hroyghpyt as the robotics
syst ell%ﬂ'ﬁﬁaﬂgg’f diydce ;ggteg WSSt psPmROURdS along the
pr5| Orcolﬁﬁﬁm&%aﬁ’\éa'bﬂ ch&ﬁ'mt\@%lf reﬁ&%"ﬁm sanf¥ %ﬂf&ﬁ@g@iﬂwugh

be in situ in the presence o e test e
pI at idierent boldsnnsawidl hdes diffdperd componnés)d Etraislferbg?ktem can

u ound be, pl at e .e., added
to t 8%@?59%5?‘8%50 gé&aﬁ %%ﬁ (ey-» H}gbne exan‘pl e,
purified g, g;{ﬂ!] nd
tested in a 7X%g%ggﬁéa};€gf}?% arra L%é l(ﬁ[mga
whi c liechinnldgyi (fmrdsxeeﬂ aig Tuded s@lven. IEIMDQBIHGSS 1&01?, IighuRo et
st ock éate ounds 15 re combi ned in an_assay

phar L igiechnol 19953161 ﬁs‘i”émf%‘@lﬁ’mn{ltﬁs draw from a
B P B et Bl 0

col usnuice wélbisgaimsd @ital énjedtad sniosthe epefadeeid eavh Idahﬁdual
second wel,l from_the stock pl ‘only the platin |n
*he. 0¥ S5 oluBR orcagh somplis ohs SRrREDeT R Ser |
fro L.
e 5oty h 08504 20 SEROUN i,y s
aonbitestednstihths chidrengrii Bipkded Rothatontbiffatidns pd cdpbends.

are numer hods f r addj. ng conpounds to wells to
25 form c%’iﬁﬂ%\'ﬁ‘ﬁ mgtho rf?ra%i%dm&i;@%%l@wp ep @gpay platp atilizes

art wihilrd Jofer 4dWivelo€d B&@a\tr?éﬁ ﬁﬂ)v@(%}l I'C? g‘fefSItY

for 1llustrative purposes and”are 1 n no way
for spotting DNA. This device uses an eight-quill pen printing head and .

eight linear quil]head_s that are dipped in a stock plate and printed along

20 every row. Subsequently, either the plate is rotated ninety degrees or the
printing head is rotated ninety degrees; the printhead then prints along the
columns. One could vary the size of the print head using, for example,
two, four or sixteen printhead for standard 384 well plates, and higher
numbers for higher density plates.

25 Yet another method for adding compounds to an assay plate uses a
commercially available instrument called the Hydra (Robbins Scientific,
Sunnyvale, CA), which can be equipped with 384 separate syringes that are
capable of dropping a known volume from a standard stock plate of |

compounds.
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In one exanple of robotic plating, a robotic liquid
transfer systens is used. Transfer systens are
commercially available from for exanple, Becknan
Coulter (Fullerton, CA), Tecan (Research Triangle
Park, NC) or 26 Zymark (Hopkinton, MA). The robotic

SRR S LI R R

f
COI’TpOUﬂdS INto eac row, row

1 WhlibrofRNdics BRteha@ich QEBME dominncidllvabAildbde/ foiEaliper
same_conpound, etc. Then, the liquid transfer device

pl at dschnmlogigsMeuntains Vieshbabrang diresHy applyirg et systesn to

such cach ¢ ' ive.the. sa ¢conpound:
(o Risaghe SR Rk ould brenfe SR SRR FraFEERe, Bays of
CONPesindiations ataé aliclo¥edl€ ife dadted bﬁn%d@ﬂll@ﬁjr flek to
transferring small vol unes (e.&?"ﬂll nL).” Anot her

[

met hdistitte dig eamporadisphitione fo tiepsgstiompoifitston a matrix.
printing technology (CGordon et al., J. Med. Chem
1994, 13:1385-1401; Lemmo et 10 al., Curr. Opin.

Bi ot echnolyjre298e PRiBkMBAbls | Nk jet printers draw

froma plurality of vessels containing test conpounds;
each conpOuadn theam will woagnise thet bny plape contfemiratinn can be

afl Chteef R e OBk iRtodoIRE AveRBod e ety 1 X 16
conpeyiie bit®Woldathve 26 HWUIR ihfi8ad 6Pthe BOW A ik el d1204

col um, and' thisis is iterated un_ti! thge_entl re 'gri d
i s pphtedTinstvouddalbow ane émedayft any higoidnatislitionysytstem o which

P R SO & B0 R i
St antqid S?g%@&ké the sﬁ@ire?ﬂ’ﬁté ?xm%ﬁ'eesTﬁi@alﬂﬁV h&&ition in

uses an e urll pen pri ead and el ght
h$ nethe atbeéd diteetids. Onatwanlé al$o ppetponateints thikdedigh, @ squdre

i nt | 20 ev, . .Sub ly, .eit t
D1 o blafe o Bctigv i ey Bhk s e B Boott affmndios
IS T QlAlRB8AIL i EHE BRite s&ﬁlapﬂierhﬂaﬁéé_xﬁilaﬁdsfclatﬁﬂﬁgﬁlae

-along the colums. One could vary the size of
pr i nwonbhfit withinggnyfexistimgarimtediquid mndlihgusystem. si xt een

ﬁL Ingte ? 2 a](c‘j é;gﬁlleg %@&%ﬁﬁﬁ%&éd\é%‘ & g:l_orz%ltp%%hdsagrdelte]}n%rq% "to be

20  tested in combination is to provide them in solid form rather than liquid
form, e.g., as small amounts of dry powder. Thus, two dfy components (or
one wet and one dry component) can Be mixed and then the combination
added to the cells in the medium (in which the combined entities are
soluble). Solid compdunds include beads from a combinatorial synthesis

25 on which a different compound is added. For example, beads could be
added with a bead picker. In one example, the beads are magnetic and
added using a magnet.

In the high throughput assays of the robotics application of the

invention, each well must be spatially addressable independently, and it is
28



25 Yet another nmethod for addi ng conpounds to an assay
plate uses a commercially available instrument called
the Hydra (Robbins Scientific, Sunnyvale, CA), which
can be equi pped with 384 separate syringes that are
capabl e of dropping a known vol une froma st andard
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di rection. One wou SO |ncorpora e In

deS| glescréibesicphare in ﬂiea»{emptd dElte debatd statibrtlofNtheaobdidis a piezo
di men standard 96 well or 384

ns .or foot

Gl el afbetsd Bhuwle of willatimias hras elsmesdrnde lar o

| at o
eSO B 446 90824 MRl ensin
dénpematlsvodumes imtepich wall bfan 28ay phite dFomexaenpié, the Tk
is :n‘b rov id bBemln olip formrath_ thanll ui d
f or mPiBegeh<e 00D e B ek-0p/cligig000 i) hag g
dry GoBRAmRdrs olfr an@é}?ouﬂ%eemm%%fcg&xﬁ e”t) can

-be m xed and then the conbination e cells
in the medium (in which the conbi ned entltles are

Non-Compound Combination Reagents
20 If a combination reagent which is present across the entire plate is
~ not a compound (i.e., if it is radiation of some form), then the plate that
contains the cells and the added compound(s) can be passed by that source
of radiation, thereby completing the forming of the combination. Other
forms of non-compound combination reagents include, for example,
25 hyperbaric pressure and heat.
Some non-compound reagents can be varied in a manner similar to _
the addition of a compound. For example, to alter pH, different amounts of
base or acid are added to the wells. Similarly, ions can be added using any

method that is applicable for the addition of compounds. -
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soluble). Solid conmpounds include beads from a

conbi natorial synthesis 25 on which a different
compound i s added. For exanple, beads could be added
with a bead picker. In one exanple, the beads are.
magnetic and added using a magnet. .In the high

t hr oughput assays of the robotics application of the
i nvention, each well nust be spatially addressabl e

i ndepimaterfiby, and it is. 28 preferably possible to
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evi ces allow trans ent co |nat Ions

conpgainddse agnbiaeses gmréra&b@a/mwluimiame&hmpbmc Mbtery of
second station of the robot is a piezo _electrijc

di sptheY combpwbipas,deragr Fhﬁ?%ﬁ]aﬁghff patgel peadyrtlibrapprecently
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S AT S B .
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Di gi spense 2000 system
tht t@mbwms\&q@e@éeﬁ ARyeriowdely e milligs distincbeembinptions of

OF 1o 2, AR e ML LS N0t YRR RS

o eagﬁﬁten\ﬂiyl g@henaﬁemcﬁﬁmhtoam elsanishy libPdrigsemgivaitiepdtentially
not a compound (i.e., if it is radiation of sone

f or n§reaten@iersi. pl ate that contains the cells and the
added conpound(s) can be passed by that source

20  Activity Rank-Order Screen

A diverse library may initially be tested individually using standard
methodologies. The compounds are screened in a biological assay and
ranked by activity.. The most active compounds (e.g., the twenty most |
active or the thousand most active, depending on the amount of

25 .combinatorial space to be assayed) in the library are then tested pair-wise
and in three-way combinations. If desired, these combinations can-be
again ranked by activity and the process iterated for four-way
combinations, five-way combinations, etc., until a desired number of

effective combinations are identified.
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of radiation, thereby conpleting the form ng of the
conbi nation. Other forns of non-conpound conbi nation
reagents include, for exanple, 25 hyperbaric pressure
and heat. Sone non-conpound reagents can be varied in
a manner simlar to the addition of a conmpound. For
exanple, to alter pH different anmounts of base or
acid are added to the wells. Simlarly, ions can be
adde j . et hod that is applicable for the
addi ?(l}éﬁétfgguggﬁbﬁids. 29 Library Size For small
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pai r -sideSpolpdtbinied ¢oRASingLeRIed SteclediHhhdMAAL GHBa8ed on some
therapeutic library of 19,900 conbinations, larger in
sloze athprieharsetenistio} Bpmphe tniehpop! of pespiblepeintwise cersbiations

to identi : ound affecting . cell .divisi

( vy S HeeABY ook SRR o b GG p8rtpitedy The R most
| i br aciveinediiere onbe pagalation drewelecled (3R KAk 1Q8%han N). N
generates approximately 4.5 mllion distinct

conbin§Ht GasRRInaonsease formed framm the Xuactive epinbilagions using a -

t her i [ A v than.the | argest. - I
curr gn 11:’5;61’;0 if ggcg?se\ghlg 16 %‘T\qﬁ%et @ri%gpcagwgn@ﬁ’?@gp Phsoppbipation
and 4 simpdhpselattiedlalyin) ()anttetion{onebsi éthe HAroddk iy iuYated to
Rank- O.der Screen A diverse library may initially be

t est ediftgentydus), pyd (8 mposbinatandtworbateodes ugicssh splitat
| conMPLRdshiahf fo%l?a%{aetﬂe "onc?siJ?g' gr{ 3§ Jaolineadc’ tc’oaélrea?tg(%wo new

hybrid barcodes. This process of selection, amplification, mutation, and

recombination is repeated over numerous cycles, and the activity of each

20 combination of agents determined at the end of each cycle. This provides a
method of testing a limited number of combinations, while still allowing
for the discovery of highly effective combinations of agents.

A method for optimizing the parameters of the genetic algorithm (or
| other algorithm) is as follows: C combinations of N agents are selected for
25 study. The activity of each member of the full set of (N1)/((N-C)!(C!))

combinations is determined. Furthermore, all lower order combinations
may be determined as well. With this full data set of activities, it is
possible to evaluate the success rate and efficiency of various algorithmé,

or various permutations of a single algorithm without doing additional
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ranked by activity. The nost active conmpounds (e.g.,
the twenty nost active or the thousand nost acti ve,
dependi ng on the anount of 25 conbinatorial space to
be assayed) in the library are then tested pair-w se
and in three-way conbinations. If desired, these
conbi«atsb b ' d : i Mk :

o ocedt; BERcHRc, Theta ARG niaile ot piAickliGns
conbicafbiestBupa@éd ‘in silitbl’ land tlﬁ&ﬁidlaﬁtﬁw?mf@ﬁha@fe compared.
effective conbinations are identified. 30 Genetic

Al gorithnms The use of genetic algorithns provides

anot or identifying conbinations of agents
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frsom t he sTw@bgengeitbsk bdla16Rd MeInaihfairiedi Badkedongsbupd s
single agent is assigned a unique barcode, which can

be argpesitedin hoth sfaglofarmats. (Thetptstoek sofittiparforyatnsinsists of

oi nar P ESEC SsPaL L AT  IRR o diaRedBiiGls B0y o

t he "fRRPYbAtdnGAtion b2S MMendRdéred M S84 GRIYPolprbPendpl8tes
sel ected (randomy or based on sonme 10 of her

char ddatrikshechyolpgicn) tThe. seconditypgedistask splusion gpesists of
air-w se i nations nd the actiVvj of .each of .
e s SOERPARHIsBR e B LDl G MG R ] EPpipation
menbeyrg [ bhe s ' | bRy ] :
I ess%Fhangg) ) }Ls\lwﬁr?g\k/lv%gg%%gﬁ ?ﬁg%)g?}gg?%r maaIﬂ ?tiécsnm&thﬁtéple
8¢

X actcppies e of plahs anegnade. s@ne eepyof thp siogk plates is
which ingl udeoigd replicatio t he ariginal o
conb PIREEs 8l 2 or e R et Fap R sraredt ot 80°G for
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20 1) Commercial 384 well plates (e.g. NalgeNunc white opaque polystyrene

cell culture treated sterile plates with lid, cat# 164610) .

2) Commercial 1536 well plates (e.g. Greiner or _Corhin_g)

3) Custom prepared 1536 or 6144 well plates (made from

polydimethysiloxane, Dow Corning) and delran molds, and Omni trays.
25

Software to Manage Compound Additions

Microsoft Visual Basic or programming language is used, using
conventional programming techniques, to write software to operate the

instruments described above. The software will permit the instrument to
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for the discovery of highly effective conbinations of
agents. A nethod for optim zing the paraneters of the
genetic algorithm (or other algorithm is as follows:

C conbi nations of N agents are selected for 25 study.
The activity of each nenber of the full set .of o
(N!)/((N-C)!.(C!J) conbi nations is determ ned. -
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copy of the stock plates is stored at -20C for

r out iidentirg of eaghdcdmamhmg i epéhewel o€ esdhoasealy pliate B8AGtdcdrplate.

| ong-t erm st orage,. 1 ay Pl ates Three. types of
assay* EF‘XP@% I egﬁgr h’%‘@% to %XS§F¥ 3@ Sclaﬂ%e?ﬁbrégﬁeﬁsﬂtﬁé‘tifﬁ And
tlganqé@%sq%/ésggjﬁdg@@cri bed above is adapted to
accomodat e each size assay plate. 20 1) Commerci al

384 wel | dhatfeloyngexaniplayaik providedd for dpmtrative purposes, and

- POlYRL Y8 8 eant to be limiting in any way.

_ - Example 1
20 Fig. 1 is a conceptual diagram demonstrating how two different

reagents could act synergistically inside of a cell, where the reagents bind
to different targets within the same cell. In this figure, compound A 10 and |
compound B 12 cross the plasma membrane 14 and diffuse freely into the |
cytosolic region of a mammalian cell, Compound A binds to protein X 16,
25 which is a kinase, inhibiting the activity of this kinase. Kinase X normally
inactivates transcription factor Y 18 by adding a phosphate group to Y.
Once compound A has inhibited kinase X, transcription factor Y is
activated, and Y translocates into the nucleus, binding tightly to DNA in |

the enhancer region of a therapeutic gene, such as insulin. However
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cell culture treated sterile plates with lid, cat#
164610) 2) Commercial 1536 well plates (e.g. Geiner
or Conming) 3) Custom prepared 1536 or 6144 well

pl ates (made from pol ydi nmethysil oxane, Dow Cor ni ng)
and delran nolds, and Omi trays. 25 Software to

Managen€oniptinmfictée Wi i uaslsle b activend expressioal ofBasilin without the
progranmm ng | anguage i s used,_ usi ngp conventi onal
pr ogrpé?ﬁﬁlﬁao @ 8eAnd franscripgioprfpgtar £ a0t iaveeven 1 s figwre,

the J T

s i B A R

st ocRoqy ah ¢histramsssiption fater, tHerelskeaubiag ios &’fahﬂﬁhp@fon factor Z
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aEpr dpieatlecys infpdhegclons, &t biadto tfé@ﬁ?b‘@t}ﬁ@ faieroYt h¥ and Z

corr y@i n
scr egg ﬁ%?gé{t e!?rnrzl1 1%—‘2% sag rQMSae ‘E&H{f g%é@o rscselr?gnog%h%nd
t he ithahpeurierdenedngdlds 5 out the conbi nat| on screenl ng

in an automated format, requiring only
oper at or S 3sis asaBeepiusal énmmngiegw@eﬁrﬁmdlqov m@shf&vrmt

t he ci-fied plat e
oy L PRt e e AR EREDh ah Aot S fedfonts
110 Abhar md&ewmmﬁﬁérehﬁcdm%%ﬁihsblfdsnmn #Hiaf} ed:ompoundA 50
technjques, to generate a unique identification

nunbeliffesss intadeiagslat @ells;srzu qftthe pandyazscadd eC@npauIKhAedauses a
t
3ot t TPTPeiS et Ofcodil BT 35 % pEbBkRed i bsorts.

each Hwtdvepfin@aahis afeFrytipé Wil@ioﬁﬁtﬁe%‘i‘&%ﬁc@éﬁh@ insufin receptor
bar code reader |inked to the assa scans each

pI at @ndarget adipeqyies indef tissae. | b@@éwﬁtlhecomd@edifﬁlsifhmto
19 1 RUoRey B AEH 59 808 O B A5G dfbnaredst drthe epin

pur PoOS are no msan
vay. réoeptonlee if e télds. Alaﬂ@B&ogétHé‘{eBhMﬁElth@f 88k aldhe, allow

denonstrating how two different

insulin activity to be restored in this individual.
Fig. 3 is an example of the experimental data one would obtain in a

combinatorial screen of the sort we describe- in this patent application. The

20  results from five different 384 well plates are shown. The results are
shown in plate format, where there are 16 rows labeled A through I_’, and
24 coluinns, labeled 1 through 24. The level of activity is shown in each
well as a number, where 1 indicates basal activity (no effect) and 5
indicates an active combination. Plate one shows the activity of

25 compounds 1-384, when tested at 4 ug/IﬁL in a bromodeoxyuridine
cytoblot assay for cell-cycle arresting activity in A549 human carcinoma
cells (described below). Plate two shows the activity of compounds 1-384
when tested at 2 ug/mL in same assay. Plate three shows the activity of

compounds 385-768, when tested at 4 pg/mL, in the same assay. Plate
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reagents could act synergistically inside of a cell
where the reagents bind to different targets wthin
the sane cell. In this figure, conpound A 10 and
conmpound B 12 cross the plasma nenbrane 14 and diffuse
freely into the cytosolic region of a manmalian cell
Conpound. A binds to protein X 16, 25 which is a

ki naBewr sheis Bie achiyity 9 38817681 vhemtestediat 2 pighfakein thersame

X nor nal | i pacti vat e ranscki,ption fagt Y. 18 by.. .
o ARG Biosk BREHAIRRS 14 re SF i colthollt Hoyds,dn, Rlvity.
| nhi piateHvKEReSEthE activity 6 £ B8PpaiARifesonindtidr of compounds
activated, ‘and Y translocates into the nucl eus '

bi ndil 7§81 Whm kestadeat Bwe/mi (ich sovmpbundsel-3BégnA 851768 were
L F angRFidgnre AT apRolicy Rl RSt Alerg ARG Hhoh compound,

expr e&aiing3 04 diffsettirnddrh Paitwisd GompiaE6Re Nfte #hat well Al
second transcription factor Z 20. However, in the _
f i gusle®ws assivipiyuddisBnbansothat eonpamddr {ipwietlnA T af therplate with

i " ohi b | 00D his t iy
F act e ey P Rl e #0%iEand foRanipd g (vl Al
to t pamslpeaatatt dnthdudls @Gslm%by a86lf B do bstivity but together
transcription factor Y. Y and toget her, but 'neitheér

ad onegmpounsinl and B§asyrEngiat tessateswi awtive tombimation.
therapeutic gene, insulin. Fig. 2 is a conceptual

di agram denonstrating how two different reagents -
could act synergistically im&ngdgeof an organi sm where
the reagents 10 bind to targets 1n different cells or
t i ssGeseral Methads fi gure conpound A 50 diffuses into

b i sl et. .1 f .t he 54.. Co A
oo o Figr& s irRhyun gt RRESARr BB ss iy nygrial
@XPr §28&fing ﬁsih? RERetB) £SmmeHauIRY %ailab[ésﬂéblilﬁblli)gy. Human

ineffective without the presence of the insulin
r ecepd? lungnearcingme calls preoghtaised frofmthetAmertiean Type Culture

Meanwhj, | C nd di ffuses,d 15, adi po 8.
1 ebedtion AR iAo PHESEE COk PRV ERLAIBROS HESTC Wit 5%
| NSUCOY in DARRRESS MBdified HA8REMeBIUNS (DRIENIY with PERLEES, 100
but neither one alone, allow insulin activity to be
r est wnitsdmLipenidiBin G@pdivey 100 /gl treptomaycingulipteeand 2 mM
bhe SXPEliIRalRALBRY RS NNT) ARk th%s 10% medium). Four

thousand cells are seeded in each well of a white, opaque 384-well plate
100 (Nalge Nunc International, Rochester, NY) using a Multidrop 384
liquid dispenser 110 (Labsystems Microplate Instrumentation Division,
Franklin, MA). The cells are seeded in 40 pL of 10% FBS-containing
25  medium. '
After 16 hours at 37°C with 5% CO,, 10 pL of a 50 pM stock of a
compound of interest in 10% medium is added to each well, bringing the

total well volume to 40 pL and the final concentration of this compound to

10 uM. Either prior to, immediately afterwards, or several hours or days
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conbi natorial screen of the sort we describe in this
patent application. The 20 results fromfive
different 384 well plates are shown. The results are
shown in plate format, where there are 16 rows | abel ed
A through P, and .24 colums, |abeled 1 through 24.

The Ijgisgl Lt Ly eASh sa .
oo et s dcbapRat A B EReERe Bipden i
and Burayridildatcesachrwelbs]  stocloplaier 1) @N150Rna BerOReo each well

shows the activi t%/wgf 25 conpounds 1-384, when tested
at 4 9Pmessay Rlats 0o ddatkixkecinolegics PiroBragsiea deige 139 (384

col | & PReERS MBS Gt bl SO TR AR SSA0BEY
- ofs cAtiotwalstep-paBeess whiens tqshetstilg of GHdEpebificTdMound
assay. Pl at gﬁt hree_shows the activity of ° conpounds

385- PEBIShH RS Bamber ¢ftothergompounds inreanyupair-adsay .

Pl at f t t iy Vi of .385-,768,, when, .

t est ggéétﬁag%aa'fﬁ m?%,\ﬁ?cr? Eﬁgﬁggos%%ﬁ%ggﬂﬁe e ﬂ?et%‘? of R

pl at emndfefred ROfipoahdd BeeHIRAHE 655 ch POVBHBBYi o] c¥idp¥und
Plate five shows the activity of 384 pair-wse

conbithgms psessnt Bcathwele)do detemsiie wikashertaosavel pedpety has
~ug/ ] younds ,1-3.84 and 3 95-769 were 5
k}gthmge dé%ﬁ%‘lrer%cj‘? {{Eﬁ%%ﬁgp?/n?tbor{. he assay plate at 2

~Lg/ nL eaghdifera®wisthod dan AEEHS i t8 %nqaé E&Fllﬁﬂff\fions of

random pair-w se conbi nations). Note that we
show&OmRPIRds for confiastingowith thetest demputu Fdr Exdinplepidskeadlof

f ot i ds 1-3 by itself . had.
Ot Db g biic Unkllan SO RREN RGO IEE paY-is8 Epinbitiions as
Wi t hdeszpibed abiove iﬁi@g%lﬁﬁmehb' irf S&ster gt BPcARbbYdsYn Bih a

t oget her, 10_conpoun and 385 synergize to Create an

aét i vay deatisilnairvwise cobmstionpofithateaehbreMshieved. Arsey of 26

conbeompbRs e b Garh or 4 BBt dRiey itgetdlg 5 [8xows of the
. comB84irelllaysaMmslbdeattioe THRCRMY ROYF 16*@&%12%11&‘1&&%&22

carcinoma cells are obtained fromthe rican
Cul t ausferred to 16 columns of the same assay plate, providing a 256 well

matrix with different pairwise combinations.

20 | In each of the foregoing examples (or analogous ifersions), once the
desired compoundé have éll been added, the assay plate containing A549
cells and compounds are incubated for 48 hours at 37°C with 5% carbon
dioxide in incubator 120. At the end of this time, 10 pL of BrdU~is added, |
using a Multidrop 384 110, from a 50 pM stock in medium (prepared from

25 a10mM stock in PBS, pH 7.4) to a final concentration of 10 uM BrdU. -
The cells are incubated for an additional 12-16 hours in incubator (120) at
37°C with 5% CO,. The supernatant is removed from each well with a 24~
channel wand (V&P Scientific), used throughout the protocol for

aspiration, attached to a house vacuum source. The cells are fixed with 50
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Col | ection (ATCC, catal og nunber CCL185) and cul tured
at 377Cwith 5% C02 in Dul becco's Mdified Eagle

Medi um (DVEM with 10% FBS, 100 wunits/nL penicillin G
sodium 100 ug/nL streptomycin sulfate, and 2 nil\4 20
gI ut amat e (G bcoBRL, Rockvil | e MD) (referred to as

e
N
N s OaH S0t o BRNGSCPFSIN ) 29,0 Yo K198
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10 uM Either prlor to, i mredi ately afterwar :

seveAVinfogramalbugips(Sagns-dduich, §t. Jaisn Gt Thin 20 uL of

corogiEe) foRednts Rl 8RNt 3 o B 13aR Aubbity
and tahebody{n106E Hilukdd of @&Bck@OBB%@yclﬁioaﬁ-@hhﬂng&tSahX
Technol ogi es_Pin _ Transfer device 130 (384 or 96 pins,

viiol | Ligee.i o) @-’é‘é\tl éAO@@ dilutipe pE ar5oBHeY Bpantfhedy conjugated to
3505 t
t est &%ﬁg%mbne spec E%Pﬁ’ac?ef ﬁﬁ)ﬁ%&n gsglgsgj‘n]ﬁ% aﬁﬁgmglkﬁSTB

nunbelrhecﬁelletak@mcabﬁe@wtdﬁxemouframoﬁﬂe ot a8fre, washed twice
conbi nati ons. i S necessar é to al so have a plate

wher avi{h@0 gt Pl%$ apfl theny 3Gk sigbstrateoliiies ip 9ddqsistpe9@ch
int cilf"l L aﬁ%#)mgeqqts{}?te%r "ﬁ 0&9{}}38 %&%mﬂéfq‘%ﬁp@wmes of

presen er m n

pisopebhitionas ah@ Dfeem the mxﬁefewhlmm ddrectioarit. Mk iplite ish
di fferent nethod_can al so be used to prOV|de

conbiptaser dnte as LI Bigsysisms o (Sewntvals; Giy Analystida
test Atgﬂzg@érelﬁ%}@%&ﬁﬁg s%er%ﬂheri? h&%gtegfm egc%evgn%ﬁ ﬁx‘U‘? seconds

COfT'pg arr-w se conpl natl

as d@scictibig oﬁbﬁmbmaltibns &eﬂb&ﬁbcﬁi‘hﬁax&@ tPie atctraﬂji Beﬂleasmgle
set of conpounds in _such a
agents alone at both the original concentration and at N times the original

20  concentration, where N is equal to the number of active compounds found
in the screen. If a combination shows an activity that is greater than the
activity of the each of the single agents alone at both the original
concentration and N times the original concentration, then a synergistic
effect has been observed. Even if synergy is not observed, a combination

25 may have advantageous properties (e.g., reduced side effects) relative to
the individual components that make up the combination.

The foregoing method is readily modified such that two different
compounds are added in the first step, allowing the testing of three-way

combinations. Similarly, three compounds can be added to allow testing of
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Is way that all pairw se conbinations of that set are
achieved. A set of 16 conpounds is pin transferred
fromstock plate 140 to the 16 rows of the 384 well
assay plate 100. The sane set of 16 conpounds is then
transferred to 16 colums of the sane assay pl ate,
provi t n

Db Bufief, B s, I it M ul I S AR PHPE
anal a:gmlnnatmrslocﬁrasmpomdsearé testeddesi r ed conpounds have
all been 3%@ g t he .assay plate containing A549 cells
and conpour@d @?ttﬁqaﬁ%ﬁgﬁ é@rnbmatl@sﬁi@camnowdsah@ iphibit
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oh gﬂrgl?%ratgc % 'dg%? b%d%?ﬁ) aﬁgn éS%leH& ﬁg fbg 1%8%3,%&: gblrposcs,
3841 %d showidianbflimingtioaly wayredi um (prepared from 25

a 10 mM stock in PBS, pH 7.4) to a final concentration
of 10 M BRS§YEn campownss were festedridenseangddnfabl 21a}PpSSlble palr-Wlse

dd b
o6 R 1R ek SRGPIDEER. Bep bERPDABH el s b oo -
a 24-cycleanoglesybm d Th/ &R efebapbiuhdsi(hodbistadlctdiin) l{ﬂf&%ﬁxel

t he protocol for aspiration, attached to a house
vacudHasTinechepridd, é@wéarmle, promdmamm agd agryglavine; @ach

o e SR GE o BUR A o
25 uloneraiIgh¥sk vlal@mﬁfﬁlsmﬁ(ﬁuheﬂ@m&ﬁ%%gate dhfg/mL

cells. are incubated at roomtenperature for
mi nusesk sohgionga Siretdovsand ASEHS-lung GﬂrcmanlNawe/SeedBd)m

i oS FETGD Aot o pastud NABIEE G RIoFECRpinkg plate (cath
PBSTB64GRY,in 0400 316 n2élifusi (mmwecc@’sfmdmw 1S Bfediim
al bum n (Sigma-Adrich, St. Louis, M) [iL of

dfit i B@%F?H% 40 Yaohetal bowae seruss rwauumtﬁ/gnlé psmgghm_G saslive, 100

b1 os EiE su BN gl s i 2 bafiinis, 3 Rftincieem Lite

di | Umeélﬁxdlé%@i)t IE4¥BWsMpbindWak BAHEAE rifbﬁmhsﬁtﬂeq*ma!ﬂ%&ay
- ( Amer sham Phar'naci a Bi ot ech Inc., Piscataway, NJ)

PBSTBoncenfration (final assayicouoiritatians werodd5HoDMSO, B%nM
t enpe%&‘oplﬁy‘la‘lotoxm,h&jjnM pacF taxel, 420 nM quinacrine, 25 uM bepridil,
20 400 nM dipyridamole, 25 pM promethazine, 840 nM agroclavine) in 10%

medium. Fifteen microliters of each 4X stock of compound in medium
was added to one row and one column of an 8 column and 8 row square
(the eighth lane containing only the vehicle DMSQ), such that all possible
binary combinations of the 7 compounds were fested, as well as the single
25 agents themselves. The cells were incubated at 37°C with 5% carbon
dioxide for 46 hours. BrdU was added to a final concentration of 10 p.M
by adding 15 pL. of a 50 uM solution of BrdU in 10% medium. The cells

were incubated ovemight at 37°C with 5% carbon dioxide.
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with 90 gL PBS and then 20 ttL HRP substrate sol ution
is added to each well. The HRP substrate solution is
obt ai ned by m xi ng equal vol unes of 15 Solutions 1 and
2 fromthe Anersham ECL detection kit. The plate is

pl aced into an LJL Biosystens Inc. (Sunnyvale, CA)
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conpdiveeitty fivieanicroditers o2 M Naf ot ag dhénoadded e edabr weldi The
nmet hqd i.s.readily nodified such th two different
cBnp 3%@%@&%&%@% sspiptedrantl dpe gf?@weaq Weskaeﬁgwe%wnh 75
testi ' [ el .
conpdiagoHebRG PRIk SERELRE: THE woll MerBtihed HEAS with
conbidgil ofiBBS&Bc(phbigihaty tufdredsalimppridat.i% bogheserum

order . conbi nat | « of ¢ ounds are,.tested._ The .

" denlrimang D Lo Rreen i ndrieasy wcre}sm@fﬁadvélbpﬁsﬁolutmn
i nhi R ' ' S rq bel. .6 '

doscr AR LREHIPRopBIAAR RN AP SO0 Bhfbody,
stioul(BharMingen)l andi 1t2009 ditutimnyofeati-mGesed g-HRPAuredsham).

were tested al qne. anpd i |1 21 possihl e_.pair-w se

conb R P areg ue Bnabboly sdulgs fueiins g oom
for &é}ﬁgéraﬁfré,g;ﬁén 8 affibbdy Sothti %Qgééﬁ%%é@m ald8adFVEN
conpounds (podophyl | ot oxi’n, paclitaxel, qul nacri ne,
bepr ivdislwastieg pneataith iphosphatmiaiffaed saineafinally, 301 dyoNECL
each /1o Purchased fro Eigma Al dllil ch COH% St._.Lquis,
NO) Wetes I0RTRA%ER! Yoy gsided t each well (an equa ixture of solutions

20 one and two from Amersham’s ECL detection reagénts). The

luminescence in each well was read on an LJL Analyst platereader with 0.2
seconds integration time per well. The experiment was repeated in two
plates and each pair-wise combination was tested in a total of sixteen
replicate experiments. The data shown in the table depict the mean

25  antiproliferative activity of each combination of compounds. Five
statistically significant (p < 0.001) combinations are highlighted. All
activity is normalized to a set of wells containing cells that did not receive
any treatment. Thus, a value of one represents an inactive substance and a

value greater than one indicates some level of antiproliferative activity.
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one dram gl ass vials and dissolved in

di net hyl sul foxide to create 4 ng/nL stock sol utions.
Si x thousand A549 |ung carcinoma cells were seeded in
each well of a 384 white opaque Nal geNunc cel
culture-treated plate (cat# 164610) in 30 L of 10%
medi um ( Dul becco' s Modifi ed Eagl e Medi um 15 cont ai ni ng
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BrdU was added to a final concentration of 10 M by

addi 15 ul, of 50 M.sol ution of .Br in_10% medi um.
The cdticbatPys A2 SomRER RS AR ORI G D4y ePRIr R BOHES Mtk
car beRtigiddferdtve 3¢tV Bt isRISBIE ol atBthe i diRRIual
aspirated fromeach well with a 24 channel wand (V&P
Séi erspiripoggntsy Ledoptiyilotapin and padlitpxaltase both micrefybele t o

a ho .vacdum source.. Fifty. m.croliters of 70%

ot hanBeTiZsTo RN BRSPS ngiftpdinlipiidamale fs S gutglatelet agent,
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(Labsystens), used for all subsequent |iquid addition
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TR RSB DA 8-S iR Fi

N AT R B Uk
t hen taitheddxiceidaeffeotof pactitaxel and podophyliotoxin. Thus, in this
| assay, dipyridamole enhances the antiproliferative effect of both paclitaxel
and podophyllotoxin on human lung cancer cells. F urthermore, bepridil
enhances the effects of podophyllotoxin but inhibits the effect of paclitaxel.
15 This result would not have been predicted a priori and highlights the
importance of empiricai high throughput testing of combinations to
observe unexpected interactions among drugs. For exaﬁple, bepridil and
promethézine, neither of which is used as an antiproliferative agent in
current therapeutic indications, combine to 'strongly inhibit the proliferation.

20 of lung cancer cells.
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10 liquid in each well was aspirated and the wells
were washed twice with 75 uL of Hank's Bal anced Salt
Solution. The wells were washed again with 75 gL of
PBSTB (phosphate buffered saline with 0.5% bovi ne
serum al bumn and 0. 1% Tween 20). Twenty mcroliters
of anti body solution was added to each well -
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containing cells that did not receive any treatnent.
Thus, a value of one represents an inactive substance
and a value greater than one indicates sone |evel of
antiproliferative activity. 39 NCC C'a E O-C
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CU. NQO bO. 13ad03 1 of2 ppa p..~. DVSOL.O0
Podophyl | ot oxl n6. 56. 5 Paclitaxel 6.36.37.7

Qui nacrinel. 76. 66.92. 3 Bepridil1l.815.23.13.014.4
Di pyri danol el. 58. 98. 82. 32. 42. 0

Proma?‘im 3’8?}%’ 6.42.415.21.84.8
Agr ocl avi ngq 81.61.91.51.21.0 The chart shows

five conbinations of exi stiing FDA-approved drugs wth

ant i prol i f brAtmetBodef perpening hue- CPfédetréltSh?EPrdFF eaRuPEAtions

I e Gt R S

ar r esgevefitlysseven bbrbBiatondliapslyicd aiypikiagias least forty-nine unique
anti - pl at el et c%ent bepridil is a calcium channel
bl ocke¥mbigaEoRsY I’ﬁ?f:lﬁa%lsﬁ’él mpethad cemprsiag i sepsrafe ept or

an{ agoni st ag‘s cﬁu&hg%atgse?xﬁt@? a CNS depressant and
r

anti chol i ne agen pyrirdanole is generally

consi dered tﬁ;)taﬁeaﬁngsiﬁ arelyaificsgibihakibafioSaftatey, profile
as a human t erapeutic, particularly conpared to the

toxic sid e efed praviding agest lelanasnd comptisips @op Ry moge distinct
Thus, biiof]o glcal m01et1es, _
(d) contacting said array of combinations of entities with said test
10  element under conditions that ensure that each entity/test element
contacting is segregated from the others,
(e) detecting or measuring a property of the test element, and
¢3) 1dent1fy1ng combinations of entities that cause an effect on
said property of the test element that is different from the effect of an entity

15 of the combination by itself.

2. The method of claim 1, wherein steps (b) and (d) comprise
sequentially contacting said entities with said test element, thereby creating
said array in the presence of said test element.

20
3. The method of claim 1, wherein said test element comprises two

or more distinct biological moieties.

4. The method of claim 3, wherein said test element comprises a

25 living cell.

5. The method of claim 4, wherein said detecting step (e) is

performed by a cytoblot assay.
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assay, dipyridanole enhances the antiproliferative
effect of both paclitaxel and podophyll otoxin on
human | ung cancer cells. Furthernore, bepridil
enhances the effects of podophyllotoxin but inhibits
the effect of paclitaxel. 15 This result would not
have been predicted a priori and highlights the

i mpor t ancé- Jh@ﬁp‘ihpﬂ okrlaim ghwhhreiugpigh detecting stap (9fis
comnbi naﬁel on seryve unexpect ed interactions anong
dr uge™ Xr?‘pflegor PESE 8% -and  pr onet hazi ne,

nei ther of which is used as an antiproliferative agent
in current therapeutic indications, conbine to
strongly i7nhtls metﬂmé Oﬁc]@hhﬂewhcﬁe@nsaié detettitgistgp ¢@riser
cells, f40 %Eergﬁl ment.s Al l pub atlons and

et erieEoTRS PEASIFATFRORRRE MRS ey FEPLRSr o
herei n i ncorporated by reference. Various

nodi fications and variations of the described nethod
and syst e ofhetmethpdoéolaimnd, whbtehb&iéﬂpapémg step (&) is

Scop@Hntmet Py By Ruoldsban EHiH R BE grical dve.

i nventi on has been described in connection with
specific preferred enbodi nents, it should be

urider st oo@. tHwtmethed bfivleinh dpwhemin sdididetedtisg etep de)ranploys
be ugﬂylé;lln1ted to such specific enbodi nments.

| nde S BUSSBYPPY-cati ons of the described nodes
for carrying out the 1o invention which are obvious to
those skilled in the field of drug discovery or

rel ated filel dheanghodofeldionl 45 whereinstepie) enpdoycenpression
the invention. 41 What is clained is: 1. A method of
scred@h P& wo-entity or higher order conbinations for
‘bjsol ogi cal activity, using at |east seven entities in
at | east a seven-by-seven conbi national array

conpri si njl aflhesashod of elgim#trehensimpadd celbirs amnamoell.of
entities, said nmethod conprising. the steps of: 5 (a)
providing said entities,

12. The method of claim 4, wherein said cell is selected from the .
group consisting of | a cancer cell, an immune cell, a neuron, and a
20 fibroblast.

13. The method of claim 1, wherein said test element comprises a
cell-free medium comprising at least two organic biomolecules aﬁd at least |
one reporter molecule.

25
14. The method of claim 1, wherein one or both of steps (b) and (d)

is carried out using a robotics system.
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(b) creating said array of conbinations of entities,

(c) providing a test elenent conprising one or nore

di stinct biological noieties, (d) contacting said

array of conbinations of entities with said test 10

el ement under conditions that ensure that each

entity/tesls. ellegmirthodcsiil &g 1, vhersin 986 bebathest steppitby 4 (d)
others, (e) detecting or neasuring a property of the

t est iS|camisskoutasing miorofleidiosi f yi ng conbi nati ons of
entities that cause an effect on said property of the
test element that is different fromthe effect of an
entity 1516@f Thémetdwddiiidiol) whertib ek for bdth ofheepiabad (d)
of claiml, wherein steps (b) and_(d) conprise '
sequekitcrEigd ol ssingdnkriet printer teehnolagyes with sai d test

el ement, thereby creating said array in the presence

of said test elenent. 20 3. The nethod of claiml,

wher ei n sald Tiesinet oA HlaifOIRVIcRER shidCentidles BRI dmpounds,
di stinct biological noieties. 4. The method of claim

3, whienaioiradipdon.est el ement conprises a 25 living
cell. 5. The nethod of claim4, wherein said detecting
step (e) is perforned by a cytoblot assay. 42 6. The

mef hod of 1d. aTKe thethWaBS Il AImSEY, RSB §hidBnSIBRIL Bk sefected
perfornmed by a reporter gene assay. 7. The nethod of

cl ai niram thp grasipreongisting of sen-palynsarigorgenicicompounds, lipids,
perfor a flugrescence.resonance ener transf.er
P s oy I s R BAES S, SSRB AR, FAT Rflfophuc SRS

detecting step (e) is perforned by detecting a _
fluorescent cal ci umbinding indicator dye. 10 9. The
met hod of 18 aiha methadafsilsimski, wheeein saidngdistion is sgjected from

[P | W group consisting of visible light, light outside the visible range, and

ionizing radiation.

20. The method of claim 1, wherein at least one of said entities is a
compound employed in purified form.
20
21. The method of claim 20, wherein each of said compounds is

. employed in purified form.

22. The method of claim 1, wherein said entities are compounds

25 provided as components of mixtures.

23. The method of claim 22, wherein said mixtures are natural

product exfracts.
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fl uorescence m croscopy. 10. The nethod of claim4,
wherein step (e) enploys expression profiling. 15 11.
The nethod of claim4, wherein said cell is a human
cell. 12. The nethod of claim4, wherein said cell is
selected fromthe group consisting of a cancer cell

an i mune.gel.l, a neuron,. and 20 fibrgblast. 13., The
met hod of 2%1 %I&?tgﬂfﬁgfglﬂméaw erteglsﬁalgngﬁ@ﬁf’taWﬁ%s
a ceflsf ree medi umconprising at |east two organic

bi onol ecul es and at | east one reporter nolecule. 25
14. The nmethod of claim1l, wherein one or both of

Syebem 43315 ehhod ihiakhbf paler: ORI PblreRg o seid
bat h ,9f o 5t )+ i Ny i .
o or BRIk g IS chtted SogSRiihe RO hottGa Bfeim 1, o

or both of steps (b) and (d) 5 is carried out using

ink jet printer technology. 17. The nethod. of claim1,
wherein SaPd AeRTbradonp eniilies ddangdicd aeeprdingdp the method of
radi gfhQn. 10 18. The nethod of claim 17, wherein said
conmpounds are selected fromthe group consisting of
non- pol ynmeri c organi ¢ conpounds, |ipids,

car bohydrates, peptides,_ inorganic conpounds, and,

dPi gonucl €4t iHekarmegeuticaboqrapPRddoTbEOIBPHTIAE (1) 2 cappbinatian of

2 Seft LS SSEL SRS LD )
r angehararedeuticailyzacegptabldicairieen. 20. The met hod of '
claim1, wherein at |east one of said entities is a
28. A method for screening two-entity or higher order combinations
15  for biological activity, said method comprising the steps of:
(a) creating an array of at least 200 unique two-entity or higher
order combinations from a set of entities, _
(b) providing a test element comprising one or more distinct
biological moieties, '
20 (c) contacting said array of combinations of entities with said test
~ element under conditions that ensure that each entity/test element
contacting is ség_regated from the othefs,
(d) detecting or measuring a property of the test element, and
| (e) identifying combinations of entities that cause an effect on said
25  property of the test element that is different from the effect of an entity of

the combination by itself.
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conmpound enployed in purified form 20 21. The nethod
of claim 20, wherein each of said conpounds is
enployed in purified form 22. The method of claiml,
wherein said entities are conpounds 25 provided as
conmponents of m xtures. 23. The nethod of claim 22,
wher ei n saiod THeh : : — |

34 24, Tho ot patore of LR el R e AR ARl EDraaptee |
synesgigsntiallyfcontactingid ntitissivoith seid teseelement, thepetiyi @raating
conprisi ng adm nistering tQ sai 5 patient a

corrbisﬁledt ﬁ%f?%ﬁ?feﬁ?@a ogéﬁlgrtﬁq%ﬁgenie&t't he met hod of

claiml. 26. A conbination of entities identified
according to the method of claim1. 10 27. A

phar nmaceut30c dlhegoethodof ¢laim 28nforthar copnprisingthe step of (f)

Al R S Ltk 8 i
accepiraplascay do%abimﬁi%ns £ ﬂ?feﬁ;gl@ if ch%@&ﬁg)lnn 9
g for

two-entity or higher order conbi nhation
bi ol ogi cal activity, said nmethod conprising the steps

of : (a) creatin r . of at_|east_ 200 unique.
t wo- én% i t ﬁo&hﬁi%é;%ﬂ?f of et 30 GHRATRIA 9St PYQTPRIERRS affstep
90t 1 () %eoul Pienf RV B9 cetl SRl o1 €ENt_compri sing one

or nore distinct biological noieties, 20 (c)

contacting said array of conbinations of entities with

said test ,.elenent, under conditions that ensure that

each enti £9/ LB Methedpiplaim 28, vdaereinsaidarsayforpprises at least

fro”ﬁbb%nﬁ{d&%ﬁabiﬂﬂi)onget ecting or neasuring a property
st el ind :

of the te enment,  an

15 33. The method of claim 28, wherein said array comprises at least

1540 unique combinations.

34. The method of claim 28, wherein said entities are compounds,

ions, or radiation.

20
35. The method of claim 34, wherein said compounds are selected
from the group consisting of non-polymeric organic compounds, lipids,
carbohydrates, peptides, inorganic compounds, and oligonucleotides.
25 36. The method of claim 34, wherein said radiation is selected from

the group consisting of visible light, light outside the visible range, and

ionizing radiation.
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(e)

i dentifying conbinations of entities that cause an

effect on said 25 property of the test el enent that
is different fromthe effect of an entity of the
conmbi nation by itself. 45 29. The net hod of cl ai m 28,
wherein steps (a) - (c) conprise sequentially
contacti ng%,zai dentities with said test el enent,

t hereby cr

t tPgmediadplelaim 28, wherein|sf lesstnne obpaid gntities is

test gl f claim28, furth
orpr CS@B%%%?%%EE?ﬁﬁgfg%@ét icngl 21 ep (a;”t hregugh

conpri Si
(e) at least twice, wherein, in step (a), said array
.of at |east 200 conbinations is different in each

repet i t i on35-3The methodeatiedpinn8, ovherein zach ofwséd egmpaeunds is

| east
dass

SR aRg SLor 1o (1) oo vt 10

wherein said array conprises at |east 400 unique
conbi natiopns. 15 33. The nmethod of claim 28, wherein
sai d array3tohpe methedaf dlaips?8, wiszein saidpaéities are compounds:

conbi
entit

ﬁﬁ)tvii@asas 34, oggrg[sg?}xﬁQ of claim28, wherein said
nds,”. - 1ons,

es are conpou or radi ation. 20 35.

The nmet hod of cl aim 34, wherein said conmpounds are
selected fromthe group consisting of non-polyneric

of@ani ¢ cotholitrmethodmietaim 3% whereinsaidanixtyren atecatyral

i norg nds, and ol igonucl eotides. 25 36. The
RS

met ho m.34, wherein said radiation is selected
from the group consisting of visible [ight, [ight
outside the visible range, and .ionizing radiation. 46
37. The rre‘telho'ﬂl%mea%%cies{n 2t &vherein gaidj edfest is@rrametgistic
said ggtiities is a conpound enployed in purified '
form

15

20

25

42. The method of claim 28, wherein one or both of steps (a) and

(c) is carried out using a robotics system.

43. The method of claim 28, wherein one or both of stéps (a) and

(c) is carried out using microfluidics.

44. The method of claim 28, wherein one or both of steps (a) and
(c) is carried out using ink-jet printer technology.

45. A method of treating a patient comﬁrising administering to said

patient a combination identified according to the method of claim 28.

46. A combination of entities identified according to the method of
claim 28.
47



38. The nethod of claim 28, wherein each of said
conpounds is s enployed in purified form 39. The

met hod of claim 28, wherein said entities are

conpounds provided as conponents of m xtures. 10 40.

The method of claim 38, wherein said mxtures are

natural product extracts. 41. The nethod of claim 28,
wherein said effect is a synergistic effect. 15 42,

The net hodi7of A phatmac2BticaMesmpbsitiom eorapriting (i) afcopitdnstion of

(a) and,, (¢) is carried out using_ a robotics system
43. w@tmi%@f@d agerriing e themethed of slaem s, aut HDo

%tifqufagrll%csmaﬂga&%kgdbkf%% glg (C:)qu';li umsggg wher ei n one

ors both of steps (a) and (c) is carried out using ink

jet printer technology. 25 45. A nethod of treating a .
pati ent cd¥prh saihodkarisaiesniag itwig-entityseri highgs sopdinatipns for

nbi [ ' j fi.ed di.ng.. hod of
ol ai e AL, T m ARG PP pedtent e 1 ca
accor di ng (apcrehtng®@i &odly of at 16dsetIurBue dfohtity’or higher order

phar maceuti cal conposition conprising (i) a
combiemhivafiass, entities identified according to the

t hod of ' ) i . ph tically
et abl (OLBIHARe a3 elenieht SorpiRE PREBY o igtioet
t wo- ebiblogicabidiétigeer conbi nations for  bi ol ogi cal
activity, said method conprising the steps of. (a)

creating 49 egntagjingfsaist arrayaficontbingtions ef enidtieswith paidrtest
.hl 9 heéier%rﬂ%de? ggﬂ%itri]gr{sl REensure that each entity/test element

contacting is segregated from the others,

15 . (d) detecting or measuring a property of the fest element,
(e) identifying combinations of entities that cause an effect on said
property of the test element that is different from the effect of an entity of
the combination by itself, and N
(f) repeating steps (a) through (e) at least 25 times over a one week

20  period, using a different array in each repetition.

| 49. The method of claim 48, wherein éteps (a) through (e) are
repeated at least 100 _ | '
times over a 30-day period, using a different array in each repetition.
25
50. The method of claim 48, wherein said entities are compounds,

ions, or radiation.
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10 (b) providing a test elenment conprising one or nore
distinct biological noieties, (c) contacting said
array of conbinations of entities with said test

el ement under conditions that ensure that each
entity/test elenment contacting is segregated fromthe
others, is (d) detecting or neasuring a property of

the t est éle Bt methedl of dieirh 50 yWwhereineatd catpames efe selected
entit hat cause, an effect on said property of the
t est HETQURAONSISIRG PEnanpRIYIEEROtAREICHOrRAUNgS, ligids,

enti tdr
r epeat |Hr%hyg% e{e%gs %?g? aéga%lg@glﬁ ;r[p%%{l éa @%E gg%udeondeﬁ/ er
a one week 20 period, using a different array in each
re etitio Th od aim 48 eren
3 tlhrlou5% 413)6%}? Ogﬁigﬁmgbnﬁ{lﬂkwdr ipsdle gcffrom
30 - y .
S AN S,
sai d iemizirtg rediagion. conpounds, ions, or radiation. 48 5

1. The nethod of claimb50; wherein said conpounds are
selected fromthe gr oup consi sting of non-polyneric

or gani ¢ cagp Omgd,ﬁcejthbh glimll 483 B u&?%dsra?& gr?tmeg %%&oqﬁﬁounds

I nor gani ¢ conpounds eoti des

met hethplbyad mi porifisd fohar ei n sal d radiation is selected
from the group consisting of visibhle light, Iight
outside the visible range, and ionizing radiation.

53. The mayhog,nh t%&‘ f‘bl‘éﬁn 4?‘\? gr'gﬁlfs%?d gn@t%sia%g&n%ﬁds

conpounds 10 errp oye I'n puri orm

et hedovfled hacompénenthefi raixturesi d entities are
conmpounds provi ded as conponents of m xtures.

15 55. The method of claim 54, wherein said mixtures are natural

product extracts.

56. The method of claim 48, wherein said effect is a synergistic
effect. |
20 .
57. The method of claim 48, wherein one or both of steps (a) and

(c) is carried out using a robotics system.

58. The method of claim 48, wherein one or both of steps (2) and

25 (c) is carried out using microfluidics.

59. The method of claim 48, wherein one or both of steps (a) and

(c) is carried out using ink-jet printer technology.
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15 55. The nethod of claim54, wherein said m xtures

are natural product extracts. 56. The nethod of claim
48, wherein said effect is a synergistic effect. 20

57. The nethod of claim 48, wherein one or both of

steps (a) and (c) is carried out using a robotics
system 580, Tﬁ%léiﬁéchﬂﬁ' s@xfeexﬁh iR AR it \BEH8h & A6 Qmbinations
both of steps (a) and 25 I's carried-out using

m cr opr bidegisal a@:nsgy, sﬁhienm&tod@dmphsuigihmstbﬁs ofither ei n

k- ot prEhEEPAE R HERuhA ot 600k s Horgibty oF higher

Scre%d&%dnﬁﬂnﬁmdstﬂ’orﬁ%slat%n gder conbi nations for
bi ol ogi cal activity, said t hod "conpri sing the steps

of5 ( a) cr(bppiaviding adest aLpnmht edmprisiap ohe ob Gibre distuet
nt | t}/ i)r hi ghe order conbinations froma set of
ent it inlogical mpj %F’ow ding a test el enment conprising
one or nor, t
cont act i nég)sg?lgédgrﬂ asf}l gdfrpi g%?%ig [ or?gltsc?? %nmtlésc‘lqth sgid tﬁSt
sai d elenent lmldermndltunmehatcmauhetthatmch bﬁﬁtyﬂﬁswdlﬁnbﬂtat '
[ contacting is segregated

each eng [}.i{/test el e
f r om“PRECHRE & tegroggt °I8é}t1%€ Py or measuring a

operty
? gnbl nat i g{l])saa%th%%tnﬁéeagﬁﬁ%? p{‘ﬁ) %’d(g{r?lei%ec on ’sai d
property ¢€) idbamtiflyms comtlanstivnstof @htities thiaf ERiseab effe6dn said

t he effect of . an en conbl nation by itself,
and PEPEBpARE At s @}?&tgléi IStCH& f from) thereffeshof an ontiss of

over bhRdteh days or Iess wherein, in
step ?ﬁﬁs%io]l aP%ggelgf]a%gt | east 10, 000 two-

(D) repeating steps (a) through (e) at least twice over a period of ten

15 days or less, wherein, in step (a), said array of at least 10,000 two-

entity combinations is different in two or more repetitions.

50



entity conbinations is different in two or nore
repetitions. 50 6 1. A nethod for screening

conmbi nations of entities for biological activity,

sai d nmet hod conprising the steps of, (a) providing a
test el enment conprising one or nore distinct

bi ol ogi cal noieties, 5 (b) contacting said test

el enent wi 6h Atmethad forigoeening eonahinaiinge of entitindifor biokogical

h . h ent.i.ty! | act i
| o seBRHEE el tpe By PuBPHRE R RS e oct i ng or
nMeasuring e)preHemig tedt e?é}ﬁéhttcﬁﬁfpﬁ@fngr&_@br n{o,@l%l distinct

selecting entities that cause a chandge in sai
pr opebiojogiealgneigies,0 10 said property of said test

el enment noj,_\contact ed.. . W said entities,. .

c!rgati ng aﬁb)gpp %Saé?%sig eHHW iaﬁ[?@‘settsl}%.-eg‘ﬁ%‘ﬁ'g‘lnw

hi ghegorditlens thaPeHRuRAthhOekRh feh 8/ fekte]drgh thAlabthg is segregated
entities, (f) contacting said array of conbinations o%
ent i t frem thetotherst est el ement under conditions that
ensure tha ach.entity combination/test, 15 el enent

cont act | ngfc’l) glegeggxll% UG A RTARETEY | teg{yglement,

det ecti ng gﬁgﬁgg bt i {1 ] :

of step (f), san'd ( ihent it?&?&%&’%}%‘;ﬁ%{églgstaiﬁcgﬁéopg?f?aﬁﬁveto
. end i t said propertycfiseisl tast cddrhendinop norstaéted withepish anyities,

step (g) that is differen o he .ef fect of an, .
entity of &gﬁretaﬁﬂg 88%?%8%?&%3 fbl qxgngteft_woeez{&t)]-%hlgher order
met hogbrfibinatihdTrbrh th¥iRMEGIFR] ehftidsSSt el ement of step

(a) is the sane as the test elenment of step (f). 25

63. The neffheentasting saidwrédy, ofiwrentinationsof pntihesrwigh oftest -
;tlep él%?ne'nts uﬁcﬂ-:% cc_>rs’nii’i?l‘c:“;navfrjl &m% Qgs e 81%%& e%tity%o%&%dn/t%%
15 element contacting is segregated from the others,

(g) detecting or measuring a property of the test element of step (),
and ' ' _
(h) identifying combinations of entities that cause an effect on said
property of step (g) that is different from the effect of an entity of
20 the combination by itself.

62. The method of claim 61, wherein the test element of step (a) is

the same as the test element of step (£).

- 25 63. The method of claim 61, wherein the property of step (c) is the
same as the property of step (g).

30
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