; e3egdD 6TT% AN ASSAY TO DETECT A BI NDI NG PARTNER FI ELD OF THE may 2003
| N\VENTI ON The present invention relates generally to an assay to detect g
blnqlgg part ner. The re;ence or absence of a bhndlng paréner gan be used
to indicate a normal conditio e condition or disorder or a
‘propensity for a di sease cond wmmwﬁmmmﬂNMErder to devel op or the presence
of a particular cell type, or mcrebial, viral, parasitic or other

pat hogenic 10 agent in an aninmal ) avian species or plant or the presence
of a particular chemcal entit ! such as a chemcal library,

bi ol ogi cal speci nen or environmmmwmmmmmﬂmME or phage display library. In
one enbodi nent, the present inventigdadprovi des an array of nol ecul es having
a binding partner in a biological sanple fromor derived fromsaid ani mal,
aV|?n speflefhorlglant mherelng££e pzttern of bi ndi ng ofltge blnﬂlngb
partners to the respecti WA i ncl udi ng e absence
of binding or the density o& SErtﬁgr |nt2gM&@ﬁ%gk%%%V|des an indication of
a nornmal condition or disease condition or disorder or a propensity for a
di sease condition or disorder to develop or the presence of a particular
cell type pIEUD OFAMEINVENTIIN parasitic or other pathogenic agent. In
anotheaqenbodinent, the binding partner is in a chemcal, environnental or
phage splay library 20 sanple and the pattern of binding including
absence of i BALGG ifentiPrHRASIdn¥raBl (HARLERY b H&@Et‘%%h&’tﬂ prchdidirgat i ve of
the presence, type and/or concentration of a particular %lndlng partner or
fam |y of [resecagr gaeneeerfs bifidiag psgngr ah bt:hleecbtoeaexntte iampembl amdition s ef ul

Inter alia for th { i
non: neopl SUHAE HPGHRE RO Ao b it RGRb ARG o JEPTiea deHeIaR i an

speci es ang tpé prekénce bRa paffealar ic8ll & ob §fiérdbial YifaPpafhRCd d?ﬂer‘%ﬁihb%érﬁ@es ,
mcrobial, viral, parasitic or other pat hogeni'c agents and chem ca
entitiks iagentHamneaimal eaxian sesiss OaPlaaher Bleagesenesqs] aatgar@emaﬂ qhemicgaherity in
preferred £ ar.r rise | obul i ns
capabl e of? ’Z%[ (ieierg% }a%)ﬁ C\?\n Tﬁgﬂ g‘%%}g%l (%gltc sﬁfﬁlmgx of! ?ﬁ] BT ta Sams@%f)net iC
anti gens Thagpaisplay nbmfrybtmdnmgnbmlmleet allid’ prsend ivestidigproide Pae SeA)Ce,

absence or anount of binding to the respective antigens provides 30 an
i ndi cat i ort“QiFC‘t“ﬁé‘aé%rae‘%‘gt“B& Patm%rrffluad@ﬁ@geﬁl Pl e ar egied Hompaidur n

provi des aRimal~ividn dpeties br pd¥Mwherein the pattfddf birdidg 6H i@ bindtheHar@erd 8 Fﬂ%l
condition.or dlsease)condl Ion or disorder such as cancer man ani ma

avi an 1Specespsctoe rp¢la¢ulcST¢1eﬂwpar1taEnmluﬁmbmechbn@cabs bnnphxgvdrdbedamty nfli cati on
of the presence and entra L.on of rggg 4 l.ibrary, in
an envir oﬁ’ﬁ’éﬂ?‘dP“’éﬁéHﬁ? 8’°V|’ CB RRJANIETHOR, afy“ TIBF “1"H A &eﬁseerw&%% Phent ,

the nol ecuiBsdeddr b peoppnkity for hadiSeageasiditton 8} vt @S0 ABELIGH 6r WS edest&elcﬁlent ify
correspondlngBFenetlc material in particular cells. BACKGROUND OF THE

| NVENT| ONPGICBIap cFlbtyps 9 imicrgbiaki Vil oparpsiic puerhercrathegsBicragemdy Freaothst by t he
aut hors i I tion.
The 1 nor eSubBAmeBRTES bl ofndl £ 152 hBALEE ofyird BBl Bhade Minh TR

facil 2bat tsmgpleeaeareqimmmmﬂnmhgmuhnhng mbsteim: afebihidiag or thetdendityadfphrtner

horticultural and environnmental fields. O 15 fundanental inportance is the
speci fi ci t}f18FHMe nghEAtE @Y therRIESFIFE i PG ATEKen GRCErHRPBRG a ppruculanbiadiagt i on,
the expr eg%'n?é? o?ffaxﬂwEﬁbﬁﬂﬁg%ﬂﬁerﬁarﬁﬂe%&a@rof% ﬂg@?é?x% nﬁ@ﬂu&?ls%éfﬁlrlmeped

Many di sease states 1n avian species, plants and in particular animals,

such as halmtar, thhdatecta)rga‘rcenaems basneplasts eawel @s abaneqlsstic siewrdeys mhanges in

the patterns nd/ | evel s of 20, expression of v ous enes X
some canc8fg %%P%‘P@H i Wﬁn@f‘ug'h@‘é@n FH‘FCFﬁémER%PréS Lo pssay lsc?gs %‘ﬁ s and
tunor »§ upmrmttn%eaﬁepeﬂﬁltwmml gmeae Br emetdpatm%moargeﬂt STol &eﬁﬁcat
associated with changés in the cell cycle and devel opnment can be attri buted
to changesnutmsmu ahmcalptm\ommenegan@phm dafplayasatnipleal b a prefresed cathodintenough

there are ar of genetic assa avaj lapl e to assess nutations, the

i denti fi cH¥ 18# tf‘%f’ﬁab‘é‘?@?m{? LO g’ﬂ? \R/gygefsfélodt Wit |y

i ndi cati vga@ftuar %tmaseu%nﬂa bt @ntwéncdar@géﬁterThe%a&ermﬁdtﬁ%megﬁ gy are
expressed by alterations in cell” surface antigens. Again) however, prior

attenpts irohaiengethe presenticaghsentd o amayay of bmdmgrmlllmacstveseatsemrg@mmwdcss or

~ ~ = i sorders such. as canc sed on the identification of
2 sindPe ARFIEHORAL B g ogun L AR F Py B% 6 BotUrafh ELRIHAS ang

| ynphonmas cause significant nortality and norbidity in humans. Such 5
cancers result fromthe continuous proliferation of cells which would

ot herwi se be bl ocked at various stages of nornmal differentiation to
speci al i sed cell types. Leukenmias arise fromblood formng cells in the
bone narrOM/due to nutatlons in any of the precursors |n the varlous
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2 ~i'~;;" 2403 - 4 cells frompatients for expression of the 166 CD
antigens is not practical using this |abour intensive technique;3RepgntﬁM3
de Matos and Vale ( 1996) devel oped a flow cytonetric procedure for the

si mul t aneous quantification in a single nmeasurenent, of the mgjor types of
human | ynphocytes and their sub-sets. In this procedure, m xed popul ations
of human 5 | ynphocytes were incubated w th nonocl onal anti bodi es agai nst
CD3, CD4, CDB, CD19 and CD56 conjugated with three different fluorochrones.
Measurenent of the three different fluores@ent emi ssions by flow cytonetry
enabl es quantification of the major types of human | ynphocytes, T- and

B- 1 ynphocytes and natural killer (NK) cells. Since nost flow cytoneters nmay
only use thrggidiibf 6f £Rérmaps@idnid cditanealion i@ ildr saaPdsy@hser 1hahs 10
procedure represents the nmaximal current use of this technique. Chang
(1983) pr epatirah@yian gpacieg or plangy d hepatigin phbiaag alfo Mpweman indisador pihei es

on glass covgr skl Bskvithethaabeds gﬁt;'ég;hpHntaecll%ﬂu?&?]iibﬁr%ﬁﬂiﬂ%h@g%émﬁtS for

cells expressing the corresponding a gens on therr ace.
procedur e wasmniplsachage disgaytibary. 5 aiother erabadimentt tietmaedlis ar the ahlag atod

bind to surfaces coated wi.th antibodi es specific for the antjgens.on the
surface of CEPFYe ’(lﬂﬁﬂgeseat"dzﬂr e useg 19 ;’gfw@)b‘é(ﬁf esﬁﬂﬁ"%%‘?"ﬁ@‘?‘éﬂ‘?l %r%@ﬁ%cqlar(

1983) denonsinat ed specific binding of peripheral blood nononuclear cells
to nmouse anti human HLA- A2 anti body adsorbed to gl ass cover slips and nouse
thynmocytes to imobilized anti-Lyt 2.1 and anti-Lyt 2.2 antibodies. 20 In
wor k | eadi ngs Ak EROURD BF GRRNENVENERIN On) the inventors determ ned that the
detection of certain binding partners can be used to di agnose di sease
conditions and disorders, such as cancers and non-neopl astic disorders, as
well as t : : Lt ' | so
e used t o) GYERERAR lail oPRITRbIEARAL kB b1 HELERLLR Y SEMAM Bl
can be usedcoliectedanthetead of theaiescripgloat i ve anounts. This is particularly
inmportant in chemcal libraries, environnental sanples and in phage display
i braries. SUMVARY OF THE | NVENTI ON 30 One aspect of the present invention
provi des anThs iyeasiay sephistioatfuni ofi itgmainlogicabitcifiques 19 grédhnfacilitating resehreh 5

nol ecul es mh%{%in each . Iecq%e in the arrgx, mﬁgh t he exception of a
negative coftdnvelopmentn Lis reqisal; yrtennacy i ioriqritial prd epvdegameptal Belgs nQing
partner pi¥ filnbiMAdntalimpartdic®isat SgdcifayIf ehel nBBdENa e A Rhterad¥dr2NTHBESH Bis OF
pl ant wherein the pattern of interaction between the nol ecul es and the

bi ndi ng parPiEtcsionsthe grRressionef espesensedingpartigten antiganogandedletsmisdcondi ti on
or disorder or a propensity for the devel opnent of a di sease condition or
disorder. In a related enbodinent) the present invention is directed to an
assay devi cMapbtiptapesFiRgs WAV Reciey. Mylteand| ia paskieblae ppimads futhoisdwiniass,i n t he
array, wt ent 1 i j

interacti onma&mpts gli(et%g%%és)%heég{ﬁnsog%%?%g%exged@r%%géersg}&%rgltI%&%ﬁ’gaa?lr’lgé?%ﬁlesn%fcaI or
phage di 90leapreksidpr efr warions genean Fengxangpiersninalcarrargire apdoengdrwitthehapgdstier n - of

i nteraction between t e d.the hinding tners i.s indicative of
the pr esendl® St S0 pEFuPRLRS hE RuPO oot B SRR Sored Sinfion¥
sanpl e. 15 ofAdbhiers asqiedd with thangps ast@atell cyerrdndalevelopihertphabe sttabutéd &Y
device for Ehe di agnosi s. of a qornal condition or cancer or a propensity
for the deVéiss ang¢riptiopldeeylaienof partipular gERSS- as a human) sai d assay

devi ce conprising an array of nolecules immbilized to a solid support
wherei n each nol ecule of the array, with the exception of a negative
control , 25 Albgpeibiheregre 2 peabercafigshetiG aspryq avadlgble de pssessomp@iions, per t ner | f

tin. P i i ma: in, : f
nter acti of Bl ALEno| ReTHAREST Fonab A B e PRI P8 nai g

partners i sondidhncatdisoedenf the presence of cancer or a propensity to devel op
cancer. A related aspect of the present invention provides an assay device
for the diagnosis of a 25 non-neoplastic disorder or a propensity for the
devel opmento@é génel@BhAMeePdraskpressdil S9radentidmd iR IR R MRe 28UEsASA gdifuman, said
assay device conprising an array of nolecules immobilized to a solid
support WhbeEtver .cutoh akeme i @vg%ptawéaamﬁt&yqssw fon comples desepiei cOndippnseor
negative control, is capable of interaction with a respective bindi ng
partner if present in a biological sanple fromsaid aninal wherein the
pattern of interaction between the 30 i mobilized nol ecules and their
respective binding partners is indicative of the presence 2 .00 i~
2003 - 6 of a non-neopl astic disorder or a propensity to develop a

non- neopl astic disorder. tn a related enbodi nent, there is provided an
assay device for the detection of a cell type or mcrobial, viral or
parasitic agent or a pathogen, said assay device conprising an array s of
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"1 A%
( »ax, ) b° ( PX2~ 2 ...... ( P,~Jdz Pis a nenber of a binding gT up b
capabl e of interacting with a blndlng partner; n~nz ....... m r epr esent
di fferent nenbers of the binding group; 20 x~ xz ....... X, represent
di-rf ferent binding groups; b) ¢ and d represent the nunber of different
menbers of the binding groups x~ x~ ..... X,; respectively and wherein b, c
and d rnay be the sane or different and each is fromabout 0 to about 100
provided that at |east one of b, ¢ or dis not O; z is the nunber of groups
of nolecules on the array and is fromabout3.l to about 2s 2000; wherein the
pattern of interaction between the immobilized nol ecules and their
respective binding partners is indicative of a normal condition or disease
condi tion or fiz@rdSichQk cindf %%awme Rfénﬁf‘%‘c‘éﬁ&?@f§§1h91e%§§<§§1€%1v@%9¥;&é on or
di sorder or the presence, type and/or zZ ~ ~~,~ anount o
bi ndi ng part newversally swackssfulaspect of the present invention contenplates an
assay device for cancer said device conprising an array of i mrunogl obulin
nol ecul es or functional derivatives or 5 equivalents thereof inmobilized to
di screte regil@aRemihs iddgymphorflasséapRosipnisivald nioh@titydinkifes@ntitydh heim@he S&GI ons
have specificity for different antigens and wherein the antigens are
expressed on CRIHETSSGHHtfERm die ‘i?é‘ﬁ'ﬁ’é‘[’“sc%P]I‘@raé'P" ehedisrviigh peulgrothgrwisedieddewdgdby
nor mal Cel | S ,0yarAN Gihkes Of b ML iR 101 RENIGARAY b qfeuk&ﬁ ab IRk bz ed
i mmunogl obulins to their respective antigens is indi ive of the presence
of cancer or bwogfapensédly in thedwne Inpsrov0desain geitatgms tllhen)pofal‘bem@u(ﬁbrsainnbc mal

condition. A relate of ..t he e N enti.on pr,ovide a
device for a'HoH> rlllé]o ?igfg’%fer rl[su(l)trm e@gesrgfgg \L e pél(())%s)fjg‘ferl%’ %ﬂmg}{ O%fes

i mmunogl obul bNmaEbpiegtsin Ipmplasizaissenal derlvatlves or equivalents thereof

i mmobi li zed to discrete regions of the solid support such I S that
‘different Hlscrete regi ons have specificity for different antigens and
wherei n the pphplIRMes Af tBe BXIFIREAModeXpRs & WrfAfEmBYr JTANTRERRINASLHs GnGhki !rS
or are released by nonneoplastic cells wherein the binding pattern of th

i obi | | zed YWSAARSEIRGHURErARestRAny R whiclbais deqepipes foriter gethdfastars; pell-eadt i ve of
the presenc i

non- heopl ast e S ga aap BB i BRIERE R B RIRRRASI chmpforital Syt
provi ded an cagwags aduorcehanpgls. aAnﬁl@glebyswmatmlnpallenclptar@basme@n develiphé to

pat hogeni i

nol ecul esclorabg%%yc?]?g%é %}ééﬁﬁ)\(}glt%%ésﬁ%;ﬁgggﬁ{e@%e@e & g éner €o g(r%ﬁ%%h“fnz%s&h?o
di screte reghors obfliffetmmtigtidn (@&)lmmgcms &ushimath at akli 19951 . Mietadlied dnfetneationGinons
have specifi for differe nd mhereln t e .anti gen
expressed on Ccj'lt) ﬁ%n efiy 7S 18 fg]fmcg?atlhétpm kit B'lg;?cgf POV PR dnde %ECEFCB?‘“

pat hogen or "alﬂ@exlpedsaals eﬂthb;e @Hmrfamjalttigempahtd&ltmgmﬁh biffa:dctmgymﬁ of hawaat i gens
to the innogh%ize -& nog bul.i n i ndi cative of the presence or absence
of said m cP®8d ety £ BiRher F“B%?%%ben 30 Still a further embodiment
of the pregent |nvent|on is directed to an assay device for a I et
~C~3 g_ binding partner in a chem_cal library, environnmental sanple or

phage di spl &1 l“HP%PV‘%‘é’ia@:Ib@é@laéfepr@ﬂﬁﬁi’ﬁ‘% m%dvoaﬁﬂarwbbprqhmmgmébm in

mol ecul es Oalffemaelmwr%@&ma%yfg%s HonLbuy &r 8 Foilie T RREhdidTIRRI ef12 €d t o
discrete regions of the solid support such that different” discrete regions
have speci f wbichyexpigss th¢ siréace antigam Cg@h&eakignei 7). t he pattern of binding of
the 5 antigens to the imobilized i mmunogl obulins is indicative of the
presence, type and/or anount of said antigen. Another aspect of the present
i nvent i on2§ Sudenthc b éehkemiadin dapnased oh thebasisaginabvphdlogy, @xpriesion af pe€ific @D,
chem cal equalen}%&eFlrll r eof zﬁgglflc for antigens expressed on nornal

celI's 10 orly®pheidd myglojd %@HQBV;ﬁHWHﬁFwEéﬁwéaEﬂcﬂﬁﬁ%%?cceIIs or
expressed OfhnBikAIRRE SuclY by 4SERdsoRRY BtlsloBfionPaDRIFBHS 0PhciAd tyBBRSIePLAL | Vel y
present in a chem cal library or environnmental sanple wherein each group of
i munogl obulAMB) ispéiekaraple opadeaisingathesedewr witerpar The Repressfonod e deeaCb

di screte re I of | ormul.a: 15 m
1nem qo] [ qi%l I%Qr}s_on_ lgtk%gloa& g:élg;ljs{zgy[:etn lé?lgfleﬂm?lg(lf gy n%?ﬁlb&?&ﬂg?{ Oﬁn@ﬁeJ anu%u%le? ic
for an anio gamsexpricss €D amg@nnoitmahalgal by faow2Grernoer rme,l kcr%nu@lﬁahl@a@rﬁia

rel eased by a normal cell or cancer cell or expressed on m crobes, viruses,
parasites ) pathogens or antigens putatively present in a chemcal iiorary,
environnmental sanple or phage display library; m-nz ........ m represent
menbers of the same i munogl obulin group which bind to different parts of
the sanme antigen; 25 0~ o0z .. ..... ok represent different groups of

i mrunogl obul i ns defined by specificity to different antigens. e, f and g
represent the nunber of different inmunoglobulins within each of groups o~
0z ....... ok) respectively and wherein e, f and g may be the sane or
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5 respective antigens is indicative of a normal condition or the , .
devel opnent of cancer or a propensity to devel op cancer or the pr@semdé @003
a mcrobe, virus, parasite or pathogen or the presence, type and/or anount
of a binding partner in said chem cal or environnental sanple or phage
display library. 10 A rel ated aspect of the present invention provides an
array of imunogl obulins or derivatives or chem cal equival ents thereof
specific for antigens expressed on nonneoplastic cells or rel eased by

non- neopl astic cells wherein each group of inmunogl obulins specific for
each antigen or part thereof occupies a didscrete region of a solid support,
said array defined by the formula: 15 m~ n2 m [qo~)e [qoZ)f ...... [ qok, g
Y wherein qeji$raR ﬂaﬂEﬂ%@Rﬁ'e&Eﬁé‘s&iﬂn apak! fob T AMhiidels jLhbd [8icaPBsifg tHi® labour
........ m~ represent nenbers of the same i munogl obulin group which bind

t o di f f er enntepavet tschofiquehResently , datNgten andVale£1996) developaka flep-eyt@mdtric

di fferent roups f 1. munqgl obul i ns.def.i ned hy specificity tc~ different
anti gens. PTG dorng SElSncaus ayantaHER i <1 IF PRGASHECGR AR BBLEF (RS

wi thin eachy@fime BuphodReCindQBeir sub-sets, Bithis RRAGE, YRIxEd POFuINIGs&IfRufran
and g may be the sanme or different and each’is fromO to 100 provi ded that
at | east omgnpgfocyes Wernucupaied widt mpnogjonad antibwdies @gamso€Dgr 6lygs (338, CD19

i mmunogl obul the arra dis . fromabout 1t bout 200Q; n ~~;,c
tC0a 900 APRTERR cnBeftd Pbh AGr CiraR LPTaA sk aTHEn O B ke

i munogl obyfidasm Arek @t EmisSIDREEY N¥E RGBS Ehabies hRShtFRatYE oPihetrPFor types
devel opnent of a non-neoplastic disorder or a propensity to devel op a

non- neopl asf hemnati lympleqytesy Tt Aed Brigmpheaytasfand nprral ikiligra(NKai astlobSincparcasi t e,
virus or pathogen. 5 Yet a further t,. of the present. invention ..

cont enpl at D0"aReHetsts Mk oot oPet gIRRR IRty R BOR et SR amsy o

I MuNogh obpidcEdui®tepeest s iy mikifal baet ustesf tiRttbchasqn@l equi val ent s t her eof

i mmobi lized to discrete regions of the solid support such that different
di screte regions have specificity for different cluster of differentiation

antigens a r j L RYE o I J " [ ed on
ko o O (A BHEpaRdinRbb AENR A0 Bline TP RELL AR RRECERBRRS

i mMmunogl obedviendips aviiitteactedr ssapmatel specifintimgans-adserbamils fatdelle exyfredshg the esence
of cancer or a propensity to, develo ncer. Anot her aspect of. the present
Cnvent s on Srapdebieee apie v, TS PoseBh s Lrsk e PEob b of

nol ecuj£s YKeHAiidhsithat @8 rERbRGH b8d 1 duPfBcedcha¥d wiihi shtibBBies ¥sRitld PRuRf a
negative control, is capable of interaction with its respective binding

part ner puanigensednythe surfachiod celts @dagexanh|1871.r Wisaeki and falo;, 138 arChapeci es or
pl ant wherepg,th | I re rran [ | h. {.hat
Cpon i nt orAoE ST IREE o2 btk ik ARERER ndyBai L Bl BmGHEllnly

di f f er ent i mimapd L 1AL aftibdéy adsoybedrto \slade soven slipdexmtli thoadel tRymogyinasl towhi ch is 20
i ndi cative of a disease conditiqn or. disorder or a propensity for the

devel opmerfmebilized priddyb2 dandiantidryt o2 eid8fer . A further aspect of the
presenfy i nvention contenpl ates an assay device for the diagnosis of cancer
or a propensity for the devel opnment of cancer in an animal such as a human,
sai d 25 adsaworkideailing upaoythe Fesayt arveanomyheahvensdre ceteemineadntbiti the deection of

solid support. wherein each | ecule of the array, with the exception of a
egati ve GEHEP QARG PEIBEE torofh e BEPe o Fon BRSSO ge iR g
partner i fcaple@SaatnontheBplRitR! ASrads, SANRI 8 the BRBseRieto BNhEFal WhRI G Thie

nol ecul es are in an arrangenent in said array such that upon interaction
bet ween t hetecnordyisienzesa alnol tecused to determihethe pressprecern stsevicrfiangngsaeft ners a

30 different.ial ttern of densi. rovides an ident.i.fiabl ignal which is
i 640 vamgpetABE carsbe sl Gulale BT Al bk S B Sy apstiRa 1y

t o devel opn eAdIGIEAI-lib¥AHes 2V iMdBmeAG PQEkpI&Tant pxdg@scﬁgﬁlay nyemteson is directed
to an array of nolecules immbilized on a soF| support said array defined

by the formula: 5nl n2ni ( Pxi, b[ Px2, C..... [ Px~) d z wherein P
is a nenb Wafall pabl e of interacting with a binding
partner; %%mﬁ%Aggb.EQh%QNQ%8H§8§?esent di fferent nenbers of the binding
group; xt xz ....... X, represent different binding groups; b) ¢ and d
represgnt bhe nungﬁr of different nen%ers of t e.binding grou S X~ XZ .....
x,: reSpectnt PGt dhepIEsar VAR RIAYIE ISl SUPRITHYE ] #19r ¥nt  and
each is fromabout 0 to about 100 provided that at |east one of b) c¢c or d
isnot 0 1 Sz is the total nunber of groups of nolecules on the array and
is fromabout 1 to about2000; wherein nolecules are in an arrangenent in
said array such that upon interaction between the inmobilized nol ecul es and
their respective binding partners a differential pattern of densities

wi thin a binding group provides an identifiable signal which is indicative
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expressed on the surface of normal cells or cancer cells or are released ﬁﬁ
normal cells or cancer cells wherein the binding i munogl obulins are'i'n é
arrangenent in said array such that the pattern of the inmobilized

i mrunogl obulins to their respective antigens provides a differential
pattern of density which is in the formof an identifiable signal and is

i ndi cative 2 . ; ;~y ~pn3 L - 12 of the presence of cancer or a
propensity to devel op cancer. Another further aspect of the present
invention is directed to an array of inmunogl obulins or derivatives or
chem cal equivalents thereof specific forsantigens expressed on normal 5
cells or cancer cells or released by normal cells or cancer cells wherein
each group @Blebﬁl’@@@ﬁ&l‘:ﬁp&ékﬁ holee e Gh Tlﬂecarfz@[ wiRGhe ERkbEG oA neF%%\fi@eE F(ﬁoLs
occupies a discrete region of a solid support, said array defined by the
formul a: moaRablf Qbinteraction| g2 fegpéctiGe hindmegipartgeri mitaivelynnmanwgloghmal sample
specific for an antigen . expressed on narmal cell or cancer cell or
antigen rel &8 2Byl HEIHIRCCIERPY PIgRt TR MhRatiern of infepaction between thg
represent NROBENS M thd BindAHTatAE ROBURRIM 8F HHRHRI WHifdnrNfdidease t O
different parts of the sane antigen; o~ o0z ........ or represent different
groups &f iconditiogloodisbides otaprapensityyfos fedlefdlopment 06 a diseiserconditigntorgens. e,
f and g reg&gsgnt t he nunber of different inmmunogl obulins within each of
groups o~ GFOTY€T . o~ respectively and wherein e) f and g may be the
sanme or different 20 and each is fromO to 100 provided that at |east one
of e, f and gis not O; y is the total nunber of groups of imunogl obulins
on t he arr dy aapldted embodimenbdhe presand invsoiunn BDEstedreareassay éevigrtaseprisieg am e

in an arrangenent msaid.arra uc at on interaction .between the
o 11 2ed A RS AR MRt Bl OB, S R SBOBT SY FRERARE a1 5
pat t er npof cemns tsycapmabﬂmsermioh&emﬁiékgﬁke@ﬁ%&@t; pithdiputAiiveRdingat i ve of

t he devel opnent of cancer or a propensity to develop cancer. Yet a further
aspect of thamispleyaipss disRlaY BRI oninawAnyreameial $amale Wesysiadhe prticcaRéer

sai d - ol WEaT: j -ﬁﬁﬂgﬁ' ' -aks

i nmunogl obl?ft?rr?g[rlr% %eéﬁf%nsm(e)&n o?elf%%% %gllg%lerl adtrléll\f/ntt}giS géhl%éﬁ?ég grﬁrgsctn %’r eof

i mobi | i zed/peandios amenat ofegpaotislapbindieg pavtned iswpbentplsuch t hat di fferent

di screte regions have specificity for different cluster of differentiation
(CD) antigens and/or nyeloid (MY) and/or |ynphoid (LY) antigens expressed
on | eukem cAnthdraspdtepeibe prdentiinventoh esnt@mplaich af Assay devigefe he diagaasicofar r ay
such that upon binding of the imobilized I mmunogl obulins to their

respect i veaATMY CABIIHORY PF PRI RTOPENSHL F9f the d%}féﬂxﬂwt ok GOFdds agpnimal

i denti fi ableysicQNAln WA adsSy BORLCRLIYRingfant DGy R SSANGEs PnnfBNELE 19h @
propensity to devel op cancer”. 10 Anot her aspec? contenpl ates a nethod for
det er m ni ngplidhappore sdaein edfch anadicy e ahe amali, twitntho exatpson dea negatiye goupansi t y
to devel op. a diﬁea etcoqditL n ar g{§o d§r such as but not linitqd to1
cancer in SRR DEATAUCR MR ieReCYYe %‘I“ e PadnsT 4T RTS8 BIgie 3l sgrmple

obt ai npmg Aok RidGIGal whabR|R: paten Ghin@rRibiBlivedy RNMHRVBAIRE nifledi@nt
conprising free binding partners or binding partners bound to a cell
surface, saiddthpir nespeesivisdrinding prrasesde ingicative oiSthe ipresendeyof GRUGER @F R BERRORSIE t h
said disea§e(§gg§k&%%p or disorder and contacting said biological sanple
wth a sollélsup ort conprising an array of nol ecul es capable of binding to
said binding partners wherein the nolecules are in an arrangenent in said
array such that upon interactigon wiith the binding partners a differential
pattern of Adeldtdiaspsst 6l thg @Eesent inaHeT Proxisles 28 psAR HeViFs (R thesdipgrasisfiave of

t he di sgase, ¢ bk OR: i i i .

i seast oond TPl RHacPysPb iRl 3 B QBRI 6O A ARYELAP ARG in |
cont enpl at asaramakdubbds athucted, saidi gy cienice comprising b peds bf yoteouldevel op cancer

in a human or non-human_ani mal, sai d nmethod conprising obtaining a

bi ol ogi cal M¥BRI|IZEAfP 3 3PL SEPPATHYHISTOR CHBTRMEHHOLINE RERY aMtb M aeR NP sk d
25 brol 0gi g SAMSL M tibaBR R iridcifh RITHER L&Relbﬁ,{aﬁnpgg,sargm ALKER £7
chem cal equival ents thereof specific for antigens exptessed on norna
cell s or ceinlgicataidpde Homrseldeaged wiyraio theglatteml dfSnteraciambamweeethes wher ei n
each group, of Lnnunoqlobulins specific for, each antigen or part thereof
occupi ¥ almgnehibgddanolegiiesmnd they saerdveskiphige Partaets & BicalvedditPhBESERFEt he
formula: 30 2 ~~ ~~.,~ ~QJ3 - 14 S 10 15 20 25 | ~lo~,e, [90Z, f2



wherein m-[gok]gY g is an i munogl obulin specific for an antige expresfﬁg
on a normal cell or cancer cell or antigen released by a normal el "orll
cancer cell; mnz ........ rrL represent nmenbers of the sane

i m nunogl obulin group which bind to different parts of the sane antigen;

0~ 0Z ........ ok represent different groups of inmmunogl obulins defined by
specificity to different antigens; e, f and g represent the nunber of

di fferent imunogl obulins within each of groups o~ oz ....... o-~,
respectively and wherein e, f and g may be the sane or different and each
is fromO to 100 provided that at least ane of e, f and gis not O; y is
the total nunber of groups of imunogl ohulins on the array and is from
about 2 {0 ghot, AABRsCHIES ALNod NBrdFRhGED BEvalbPa ln ABo AL RIGEHRRL | N sai d
array such Trid upo |nterac ion the i I nmunogl obul i ns
and their respectrve antigens a differential pattern of density provides an
identifiable srg&g whi ch is_ indicative of the develog;ent of cancer or a

propensity e @ I@ﬁ’OéH%%vr‘heWnéPH%Yl ghperstaycdivienr Heeleistipp ohagel e
determ ning th [ @qgr 0, e t
to devel Iop 4 %ﬁ%@éﬁ‘%@?&%tag‘h‘gb | sor er lltljc 1@555%{1?8{11%5 m?ng £rfﬂ?a@s' d

cancer isn &t madledilds, imélobiized peg selid arpppttawitereis @hch mvlchold of mrmxrrray rvgjth the
obtai ning a biol ogical sanple fromsaid animal, avian species or. plant

conpri si ng MFYEIOROAAINAE YA CORERls 1DFaPBPIS A Haeraerqwr%arrstnraﬂ‘teoblad'eerprrtmr
surface, sgf epén@%hfga Rt bg)%r ﬁnagsmbﬁtﬁﬁoq Saldo? Qﬁt(’) ggtrro%ret k»ﬁewlﬁ thesa' d

di sease condition or |sor contactrn 1olo sanpl e th a
sol i d suppgattern@fpitesitiey Batwedr hy inimobilized modae;umapadb Itle:mfes;tmcnde bglding sai d

bi ndi ng partners wherein the attern of eractro e bi ndi

par Lnars' | SR ELA5 B e DA o A it miobiALBF et P4 B Res ¢y
to devglyop osghfgogénsease condi tion or [ io~i,~"'"~20fI3 -1 S

di sor der urther aspect of the present i nvent i on contenpl ates a net hod

of detectrng cancer or a propensity to develop cancer in a human or

-h d bi ol I
From sard RUPERCLEPAO P AR 2 Harsth i urEaas vl o™, B sl Pl SRR T

with an ar gy sefid sippenagidokitdyl disined belehé foahuMes or chem cal equi val ent s
t hereof specific for antigens expressed on normal cells or cancer cells or

rel eased by normal cells or cancer cells wherein each group of

i munogl obul i ns specific for gach antigen or part tther eof occupies a

di screte region of a solid sup ortnr zarray hiined by 10 the fornul a:
m-mem [go ,[qo ]...... [90Jla2 ?@ n ot [ﬁ%ﬁﬁ an i mmunogl obul i n

speci fi ¢ for an antigen expressed n a normal cel oy cancer cell or
antrgen rel eased by a normal cell or cancer cell; m-nm ........ rrlL
represent menbers of the sanme i mmunogl obulin group which bind to different
parts of th% sane antigen;, o~ 0z ........ ok represent different groups of
|nnunoglobulrns defined by specificity 20 to different antigens; e, f and g
represent the npidgmebedof { Bihading grmrprn@gbletmﬂlmtammg With addnding pagueoups o~
0z ....... ok, respectively and m%ereln e, may be the sane or
different and eBdh -i-s- {1 BFpresepdif E?“pf’t?\‘)‘lbaﬁd’ft‘h%\t’mgt“glgé%ﬁ one of e, f and
gis nggy O; vy i he t .. munogl obul i ns on the array
and is ér om aboglt)EZS 20’I ?épr%k‘gg{)&?fgf%n g\{/\IﬁH@Zgrrﬁ& Phe pattern of interaction
bet ween t he i nmbj hridzéckpresentribe hainbén efsdiierdntt thembers esptfcttmdneg Znmupgen® i s

i ndi cative of the devel opnent of canc vel o cer.
Y D00, YRS and it bnaand, 8 st e shbe o afEkenc Ao €78, o
I's directed to tsgﬁ‘on%ﬁou@b t&3bct 118 pebviad [ﬁﬁlﬂt%sp&m@ @Srdﬁtrﬁﬂtéc'ﬁl on with
a respective binding partner putatively in a biological sanple to determ ne

the presence ofz & tt¢ seabe of gnalipsiodmalecudtisoortbearray ard jsrioprerbeutyl togboithe
devel opnent of i sease condition or disorder. Another aspect of the
presen Sinventi cont enpl ates a nmethod of treating cancer in a human or
non- human Qakag me gh&r%t n@éia&met&ééﬁghehﬁabm@&t aot%@ie@gh@atelrsr@m@tte«ef rom
sai d human or non-human ani mal and contacting said sanple with an array of
10 i nunogbobingipartnek ﬁcmﬁesﬂ\@roffmmabnfa!dltdﬁemr\ﬁhtqa%e@r@ﬂtl@qm digdreartos a
thereof immbilized to discrete re ns of .the solid su sucm t hat

i 1 er ent | EROBETUR Q0 AEiogn e d Gyt SRR gt ore G b arRReL v Bt ang
wherein the antigens are expressed on the surface of normal cells or cancer
cells or are released by normal cells or cancer cells and determ ning the
bi ndi ng pattern of the imuvbilized i munogl obulins to their respective
antigens and then 15 undertaki ng i nmunot herapy such as with, but not
limted to, humani zed nonocl onal anti bodi es corresponding to an antigen
substantrally expressed on cancer ceIIs o~~~ n~~~ 7CD3 BRI EF

NSl FN"T"1 /7R | —— g pe— g NN et N L T T L



25 a volunme of 0.4 FL. A, CCRF-CEM cells; B, Raji cells. Figure 6 is a
phot ogr aphi ¢ representation of CCRF-CEM cells bound to a CD4 anthb@nggmB
and | abell ed with Al exa-488 conjugated CD45 anti body. 30 Figure 7 is a
representation of antibody arrays tested with cell |ines. ? :h',. ~'v
2~()3 -1 s (a) tabulated key for the position of antibody dots in the
array; (b) CCRF-CEM T-cell leukema, (c) Raji B-cell |ynphoma; (d) NB4
nyeloid cells. Cells were suspended in PBS MgG 1, mig&Xa) b mgMare

i sotype control antibodies. The nunbers denote anti bodies to the rel evant
CD nol ecule (eg. 2 denotes anti-CD2). GPA7Ls anti-glycophorin 5 A a marker

on human red blood cells; HLA-DR is anti-HLA-DR class Il; KOR is an
anti body t k- - SA3544 antigen; FMC7 is an antibody to a marker
whi ch di st?’ﬁ’%&?‘g ea?ﬁﬁ‘“a'?%ﬁ%é‘mﬁ cell leukenias. Figure 8 is a photographic

representation of antibody arrays tested with | eukocytes 10 purified from
eri pheral bl ood show a) a key for the position of antibody dots in the

BTy ( b) ArbiHET PR RICHTECE) LR ogqrEToPRES (BB EORAE 108 SPCEga

cellslm); déﬂ%fj %&%g fdrrd5Ht iﬁMo%{Hgglﬁn $d1ecuied Br GflclisAdrlasivdiRks HCL

patient RD;, ( patient "GI; (9) | |'ynmphoma (BCL) patient KR Cells
wer e bodindequvaensitherdofi iipBeblizedhoRietgdgiv09ehe stlichsuppa se@r than differient

results are fromfrozen cell._s | es,.. 15 Figure i,s a graphica

Fepr esent alTRESRBIG G B AR Ry Al e e S i RDRER e and ¢ he
nunber of gglrbgedon i} suffa@dfi doodiil &lslor @ahcer cBlsH Re ARds&d By 86N LARI or
representation show ng the rel ati onship between anti body 20 concentration
and t he nuerveer asfls Rdjereirr thie|bendieg priters of Hiei ibwenpilired smmunoglobuliniito their2003 -
19 DETAI LED DERORL ETLON, Qb Ti PREEERRED EMBODL VENTS, The, g ssanl, jynventi on
provi des an BSUEG AT 1 UGV OF BF RISSHICE §F CICChe| LRIIPERTY AP dpYeloPor

i nteragd i oganéridt the petséige poh hownA cpadigioh al |y present in a sanple to be
tested. In one 5 enbodunent, the presence or absence of interaction of the
assay nol ecules with binding partners or the relative interaction between
assay nol e | 6l r: : j i ndi i ) mal
cond t1 on a3 PLAML PRARTANALS, BEMIER Sy GUERY PIPLBBR TR, of
pl ant fr ondisdridatsaichdevi@mpingrisisg de rarrag cf ifiemaglemylindmvicadeodr fuheigqpalesent

i tion js. al ful for detecting. ' - | ast | | |

popul at | orler Rt 48 28 VeFRIR Gt FmARHG0 It ERpBIATEROPOAE P TOTHPPUL S 1 or

exanpl g, neR-digeRhAeEsdrée deSoisdRne spdcifidisy fom&@erﬁﬁﬁﬁgm aldwheledf her aspect
(0}

enconpasses, therefore, the use of the assay device detect directly or
i ndi r ect | yanbgérs arg pesessediop Hxetsurfaersof rul-uebipkagtipeal s i ressreleapqd fayerpnand

m cr oor ganj | ' e L ] iL.brary,
an enviroﬁﬁéﬁ?%ﬁ‘%2%8&5&%?&gb§ﬁ§§£#g§§% Egﬁﬂﬁﬁgﬁﬁksd?ﬁ@aﬁﬁgﬁgﬁﬁgg?h‘fnding
t hen provirespective dhbigensds amicativobdf thherepeaseoitenort-yypplastiddissrdanmunt of a
particular bindin artner. This is particularly useful in screening for
envi r onme®FRCPEGN Vﬂﬁﬁ?émB?m@@?%EﬁBﬁﬁdﬁhtural products or chenica
librarnjpes for agents having particular affinities. It is also inportant for
screeni ng phage display libraries for peptide having particular affinities
or bi ndi ndn prfufthdrgelate@lembodierent, ftheratis provadedsmclssayolegica fersa imicrotgaf wirali n t he
devel opnment of. peptide 20 m netics.,Accordi ngl one aspect of the. present
vent | on PBFSUic FEoteh PabegP i RRSE R RAFT Sshie Ay SrneelaPae whor of n
each nol egri&uldd dr F@ncAbhAYerivdtives bReqBveRt kiRfed? immobiEad to/@sGaBtée®ns | S
capabl e of interaction with its respective binding partner putatively in a
25 Dbi ol ogio e solidsherort wah that diffencnt disgvate regdedines speeiflisitaher diffencet n t he
patterpn of interactijon.between {he | ecul es .and_t he bindin rt.ners is
Phi odbi vanifens g PhEe Bk AR ta 6 SR ERL SL P e Sn P R B8 Ve or ' o
propensi t yafaditictagentsl oy pdigper ot af refeasidsipastneaadhé parrob! BingdEdethe 30 The
di sease condition or disorder is preferably in an animl such as a human)
pri mat e, antigens to theimmopilizgRimmonpgleyding doingdicadwy ofdhe pEesence of absgansse,
rabbit, guj.nea pig, D, jon aninmal (e.g. dog, cat) or captive
wld aninaw.‘$ﬁ§mgr89§p§%§5§ﬁF§§pR§§Ha human. 5 The present invention al so
extends, however, to the detection of disease conditions or disorders in
avi an speci es and plants. Exanples of_ avian species include poultry birds
(e. g. 38hi SkBrisfurtheicqmbodimgnk ef the phesseinverRyameis Pirpeled (oaanpssphdeyicaerst wi | d
ducks, peacocks) and flightless birds (e.g. enus, ostriches). Exanples of
pl ants include nonocotyl edonous 10 and di cotyl edonous plants including crop
plants, fruit trees, ornanental plants and plantation trees. Reference
herein to a "plant” includes reference to part of a plant such as | eaves,
flowers, stens and roots. One type of disease or disorder applicable for
detection in accordance with the present 15 invention is cancer in aninmals

o o —— M -, o, - -



Leukem a; CLL, Chronic Lynphocytic Leukem a; N IL, Non-Hodgkins Lynphqn%@
APL, Acute Pronyel ocytic Leukem a and HCL, Hairy Cell Leukem a. Ref &t éné 3
to a "normal" condition includes the presence and/or anmounts of particul ar
cell 5 types or antigens including, for exanple, receptors, ion channels,
cell-cell interaction nolecules, signalling nolecules which, based on
statistical analysis can nost |likely be expected in a substantially healthy
popul ati on of subjects. This aspect of the present invention is useful, for
exanple, in nonitoring patients after chenjcal or imune therapy, or
screening for a state of health in an at T$sk individual or group or

popul ation of 10 individuals. Reference to determning a "normal" condition
i ncl udes, thad@pdqasney iy aehemig! Hprargbmyirpanentd sadpleicophagmdisplagldbrad said
enbodi nent, ,the present jnvention is directed tqQ an assa Vi.ce, conpri si ng
an array ofder‘r%(fee%ﬁl?perésn\gﬁn%"r BN Ogé@ﬁmr?(%fé)éﬁl'%m?lﬁc‘ﬁﬁem P%W?;‘aaﬁ?rﬁvat“ﬁﬁs of
excepti on odquival@gsiticyddf HmeBiINikddto, didcere 20 @ f Bfe ol LAt ARKWhAHif S
respective binding partner putatively in a chemical or phage display
library or @&spretegagions bivesaepiiatyier diffarentiaatigsas whengirotheipattemagftbinding of een
t he nol ecul es. and the. bi ndi.ng partne [.s. indicative of the presence, type
and/ or gscm)uar111 lg%?sdlé) ‘Eg#’??‘ 8%‘:“5‘?% 1% O%B!i?stﬁé’fdlﬁaﬁv%gfﬁ’cfé?ﬁﬁp‘é.’ RP ;ﬂ’d%r

"chem cal sapheof kdiéhbges. a chem cal library such as a library of

synt heti c nol ecul es, bi ol ogi cal nol ecul es or nol ecul es produced using

conbi natorial means. The chemcal |ibrary may al so be synthesized using pin
t echnol ogy i r : . 1cal _library includes a

i brary of/%§¥%?a ?ﬁ§2gﬁ#§§%§’ﬁgﬁé%ﬁﬁ%g”%%%qﬁgﬁﬁ?SX%%ro Hg?ég@ﬂggﬁVng. 25
An "envi r odernitales archémical aaalvaldes theraaigpkefié fornmagend @hipicssed oI ncdidal 8411s
terrestrial environgent as well as sanples fromplants, mcroorgani sns and
coral . BccOF GrRGF ¢§1S0r wifeicf D rhormal cedls op Fancerelly aegxpiesssdrpn aniembesscr eeni ng
nat ural pr S : : i i tic
ngent e, |1 alES” bl kAo (RRGBNPORAGR th Bl it BANES 1 ey
contain a eovit@mergaitsample2vherdin each groqR of inR@undglophlagpespdtisipl fay edchindgah od S
used in its broadest sense and includes t or nore phage particles having
one or rmor B ERRFY) GBS ?ngﬁfﬁcﬁe?g‘oﬁé’? Jp8 ?“(RB%rt’oﬁa‘dpgr(S? elefmed byithe phage
coat. Cenefghluya: however) each phage produces one particul ar pepti de,

pol ypeptide or S protein fused to a coat protein or functional portion

t hereo#? The phage particles are brought into contact with the i nmobilized
nol ecul es. Where a phage pafticle conprises a peptide, polypeptide or
protein on its coat capable %f bjmdi ng ;tng an i m| || zed nol ecul e, the
phage becones i mobili zed. 'hBlJ Qgﬂized~phgggris then eluted and the
genetic material encoding the peptide, ﬁolypeptideg r protein isolated and
cloned. This is a 10 particularly powerful nethod forYisol ating peptide,

pol ypeptide or protein mnetics. For exanple, mnetics can be isol ated
based on anal ogous bindi ng characteristics. In one particular exanple, if

t he i mobi Vheféth nol ecul e is an antibody to CD40 |igand, and a pepti de,

pol ypepti de or of ej e display_or other library binds to the
anti body) 15 t KL %%i@“‘g@ﬁ&bgg’?g%é:ﬂifpfgﬁfﬂ yilieg) e’b"r’%ﬁssﬁl’ an BROEMBLCEl Fandi dat e
nol ecui(e t o actcanseradtllag tandginaeleaded iyl AMPMACALIRS cBliceR el Br axfird@emos! -

Simlarly, the imobilized nolecule may be an antibody to 154 which is
el evated i n patTERPRESsVITYsEs.i PRyafitconpatheans orAnkgans PyraivEepiesenyingheel whi ch

[ bl f biyndi: [ 4.1i i ld b
candl dat e ant aguy oe? 4P Peh o ndPil 80 Bomd b RARCIDLCT AT o

rational e 20 appl ies..f.ar matdpresthianenhbeds af the sanfiigdin@® gtdbRITh GadbupowhiR bl
product libraries. Another aspect of the present invention contenplates an

assay device fdp diffgren) pagis @6 Hhs sgme 2nHgal condi tion or cancer or a
propensity for devel.o I imal .- a h n) said
assangevice céﬁggrsrhgb%%9§%%53h§§3ﬁ3§é%ﬁpégﬁP%#%%ﬁWPﬁggg?%%éwi@gggF%%
support wher ei noebfftrentodneéigerise of the array, with the exception of a
negative control, is capable of interaction with a respective binding
partner if presedtanf® rsPi5set BGinuabes ahgifferepy igmmugelpbahnnalthigrask pherohes
pattern of int tion pe ] | THORIL I el I
respect we bindﬁﬁgﬁparfﬁg?ﬁgggﬂYﬁﬂﬁggt|vehé?¥?ﬂ%E§%§§§ﬁ§§S%?98EE%%Fm6r a
propensity to devel op cancer. 30 r nl ~ Y ~ao~ - 23 Another type of
condition or disorder contenplated for detection in accordance with the
present invention includes non-neoplastic disorders. A non-neoplastic

di sorder is considered herein to include any disorder or disease which is
not characterized by uncontrolled cell proliferation and incl udes

non- neopl astic disorders of the inmune 5 system Such disorders include

T o .



| munophenot yping is also useful for bone narrow and organ transp? anmaam 3
for 1 S determnation of the degree of imunosuppression and conpli cat'i o
such as rejection or infection. Flow cytonetry is used before

transpl antation for tissue typing using nonoclonal antibodies to detect

HLA- anti gens, or for cross-matching. Tolerance to transplanted tissues is

i nduced by admi nistration of cyclosporin to the patient. Treatnent at the
time of transplantation forces the | evel of peripheral blood | ynphocytes to
al nost 20 zero. The di sappearance of T cells fromthe blood is nonitored by
flow cytonetry for CD3+ cells. Follow ng transplantation) an increase in
CD8+ cel | s signals possible rej ection. Increases in CD8 + and CD 16 + ,
CD56 + and/or COHY €ack s from OneJ0Q pervededdhatiat keastiont e€ei Hand Fhimotyr vei | | ance

f th t d.to.b
Capi aly and ext ong bey 0T L BRARP LA P BNl or PR Shastie fhpund fon.

25 Sone cancer pbued0s; recei ve hi gh-dose chenot herapy and then require a
bone marrow trans&_’\pnt to regenerate their depleted i nmune system The
t r anspl ant SeREPRPatsERhO] intsiacEen hetareer %qudeZ¢©@Dm9n¢glmmlma abdthainusual

sub-set g of..dyppho. a
Opport u§| st |Jg¥| nf e@%{ g’%sl?a g l?%?ﬁaag(gr?%lljgmh té({n Yi lgé:ggVé:quggfng@}gqﬂggqoq% such
patl ent S I @saflensingto develop cmeeraste iphesehdd of aGictobe ﬂnﬂobﬁ'raﬁiﬁeg&s ARGhedbr U
~ ~ r~~"~"2003 - 25 elevation of Natural Killer cell Repl acenent
of fI ow cytIERIEF§RCG WRE 3/ fmaysgt %?mﬁgngfpérm@m awﬂlcgengalsq)mvmfonmntahe
moni t ori ngszglf, 1B R esdl?tpﬂ'ﬂf i des nore extensive information. S Antibody
arrays for antl gens ar useful for nonitoring changes in |ynphocyte
sub-sets during desensitisation therapy to insect or spider venom for

exarrpl where the nu rs of CD4 + CDA5RA + | ynphocytes increase and CD4 +
CD45R0 | 9%%6%‘{;?38%“%2?%"&%35”% INYRtion Srtides alﬂé\f/félv of impupeglolaging ofj t h

Chroni ¢ Faddrgtaéivay sdineifeallBihiviienss si stent
with a viral infection w {Tﬁqﬁact [ vadthg?dwp eQiQ"c%‘xl r%?glt%reé%u,&g%ﬁ?na ﬁQr{e]d anal ysi s
of | ynphocyroplastip celbste fe@%%@lbb’@hwe@msapgel@ \dhqgmmath groopioferi a and

provi des e Q his disorder.. 15 Accordin , . anat her
aspect of '?Iﬁ&% \é"g’é'?]?;| nver(itf?roeﬁmf;gf'11 RRHCR X PR tl%\?%‘gfcﬁ'ﬂ?}?scaedlf‘gf:%t’ﬁémﬂ|°5§nosi s
of a non- nmhﬁlsaﬁporc, sdidserayelefingd  Peapemgd:ty for the devel opnent of a
nonneopl astic disorder in an aninmal such as a human, said assay device
conprising an array of nolecules i.-mmobilized to a solid support wherein
each nol ecul e of the array,r with the exception of a,negative control, is
capabl e of interaction wt SpCtI\Aﬂzblnd paftner 20 if present in a
bi ol ogi cal sanple from sai Eﬁu ﬁra E[\ﬂhzerel A th a}tt rn of interaction

bet ween the i nmobilized nollecul e§ and their respe(ﬁtl ve binding partners is
i ndi cative of the presence of a non-neoplastic disorder or a propensity to
devel op a non-neopl astic disorder. 25 In a related embodi nent, there is
provi ded an assay device for the detection of a cell type or mcrobial or
vi ral agel‘t‘f €Hi'na pat hogen, said assay device conprising an array of

mol ecul es i mwlklaﬁ%ﬁﬁrﬁ%@(ﬁg' ﬁec?ﬁhpﬁ’)? be A/Mngrel n each nol ecul e of the

array, with the exceptio egative con YOI, ~s capabl e of interaction

wi t h 20r espect inwendi. ndi.mg rnﬁbienememf)erproéﬂﬁl’!;bm@ﬁnﬁﬂh@gl@@]lin grwgwhﬁﬂh%ﬂ@' al,
viral or paraS|t|(% %gnt or_pat hogen wherein the 30 pattern o |nteract|on
bet ween t he i nidBIHErPLRaLILRG $AE AMKgeRihei r respect e bi nding :, 2~~~
ALY 2003 - 2~ ners

m crobi al , Vi rS?B%r”'bérdég?pt“laghgcgﬁef%r;éﬁto p[;a %%%ggl %8%1] gd g}é?ﬁ% Ch'ﬁnt

t he sanpl e scr ¢edididransantigeheni cal I|br ary, phage di spl ay I|br ary 5 or

envi ronment al sa Ide TheE‘? te %Feractl on provjdes the gresence,
type and/ or anbuht™of "B tabﬁ ﬁ@fd‘ Fing rpmpreslobyfling wathyy eash of grewpent i on
is papticularly gsefulof qﬂ%n n or
screeni ng a chem cal o? gﬁfsg?cggflggf’@?ﬂhg’?gﬁqz b ?he%?&%%gdnﬁ Ee@ul e wth
a particul ar afid f—‘ﬁctlys frb!lnrﬁiloriQO}pmyﬂdddehatmm\aamoinegxfeaf amr ©fs A oand/ or
concentration. he bi ol.ogi cal |ibrary includes a phage display
library or 10 Xt“h@F ‘Hog'?‘fPBPéﬂrgmu%@gé%H%am “lqadf%fr%ﬂdriﬁﬁfoﬁé hiketic or
natural |y occugkdyp@eoolhe expression "pattern of interaction” is used inits
broadest context to include: the presence or absence of interaction

rel ative to background interaction; the relative density of interaction
such as the relative density of ceIIs bound to a discrete spot on the array
15 relative to background; the pattern of norphol ogy of cells which are
bound to a discrete spot on the array; the presence or absence of internal
nol ecules in cells lysed on a discrete spot on the array; the relative
nunber of ceI I s or ant| ‘gens on the ‘array; the differential expre55| on of

T o N B oA oA Y M




i quality control of the assay procedure. A positive control, for exanple,
may be a P 30 nol ecul e capable of interaction with a binding paftnenryk gn
to be present in the ? ~t~,~~1i ~ Y 2~tp3 - 28 biological or chemc
sanpl e. Anot her aspect of the present invention is directed to an array of
nol ecul es i nmmobilized on a solid support said array defined by the fornul a:
5n~n2n ( Px~) b[ Px2) ¢ ...... [ Px~ ~d z wherein Pis a nenber of a
bi ndi ng group capable of interacting with a binding partner; 10 n~ nz
....... n, represent different nmenbers afjgt he binding group;, x~ xz .......
X; represent different binding groups; b, ¢ and d represent the nunber of

di fferent nbers of the bindin [ S Xt X2 wu g Xioof ecti and
wher ai n by ety g Bl s RO B R Febnpieag i bR FRRR A B0 o
about 100 pépydtiedntifiat isindic@dst ofanedefeldmeht 8M&Ingh-hopIftlic Qisotferzorias t he
total nunber of groups of nolecules on the array and is fromabout 2 to
about 2000 propisesityite deYedopaReeperRidstiE diserdse of e Myetoneepl @ Rarticyiap piitioked

nol ecul es and kheiﬁsgp Ec%hve bi ndi ng partners is indicative of a normal
condi ti on B Y% &R ndiE T on or disorder or a propensity to devel op said
di seasescondition or disorder or the presence, type and/or 20 anpbunt of a
bi nding partner. Preferably, the disease condition or disorder is cancer.

Pr ef er abl y Yet nrthel apasted Ryrprestat Hvepyorgoateamplatpyanasspy de'gee fosrcanepporid.
is the nu . Of ' j e : p

Conveni ent %cetcﬁ{anfpé%ic’)]?galhg?%y %?mag%g]%ﬁégh@g%ql%%%t me Qé%n%gge?%lggst Gt al
nunber of sqetatenanhédeef mimebilitesl tdiscidie rap&ms &8 ettt wlidaapport such.that diffeRaNS
optionally further nmenbers in.the group between, for LhX ~ vy exanple, z °
and ~Px ~ disgretetegionschave seeflaity dar %ffef% clystengf differentiatipmantigeaband/er  rrpl y
any |imtation: . r . S - QD3 -
20" 1n D papy AR chs SHBRE NI RRONRRCR: RrrolenR ¥ Blemic R dherEmnd

i mmunogl obbihding pattetin bhgierimpiobdizad ipanhogoslias e dein rgeprstividmuizens js t he
present invention_extends to.other classes.of P nplecules such as but not
linmted to™ 'éé‘é"ﬁt"&“i% PIEFGSHAE A6 F SRBPIILY “’l*j‘évg:?qp d&ff'ved 5

anti gen-bi ndi ng nol ecul es (TABM or other nol ecules having affinity for
certain ligands such as lectins) nucleic acid binding proteins anongst
ot hers. MoArothar@spechil e prasentpnyastier pravides aghagnapiimasgi devisercommyisingeanf
| nter agt | R g R YR BT 26 Morcch inSKARAS w A NG cSHENAES BEae
nor mal “cel 17 Cancer ce or &S0l Une An i gem’rel ease y a s normal” cel
or cancer eirbl, reapitds efintdract@nohienitcadspdctibe Bindingjatmer phtsgpledy il a brary or

10 environnental sanple. In a particularly preferred enbodi nent, the array
of P nol ediplegical sampisfEom ap eRigdl . AVIAR SPRTEMIRIEB Y ReReiRdhemglegeles arediglaget ed
on the bas.irangém&,mﬂ 9608y &Rh Yndt ApSLirkerRA R TRy i thd thofecics GRS theCONdi ti ON
or disorder sltch as cancer or an antigen generally present on a r 15 normal
cel | or arbinditg ppetnersraediéintenoal pttaingrfglonsily, provided aroideptafizhdé signal axgeett isor
pat hogen. .The ! ' _"antigen" .. al.so .be part of .a chem cal |ibrary, phage
G st 29 inhaye of » ARekS SEnuIRY aRaR PPt o pionSisif 5T B gl P les
in its bror@estcondis® ofddordee! udes pl asma nenbrane associ ated proteins with
extracel lul ar donmai ns, proteins associated with E ion channels, as well as
receptors, carbohydrate noieties and the |like. The pattern of 20 binding of
i nmunogl o i : | e SES 4 I&gnesi s
e A S T A e
array woulcdnaepst a propeesitgforythe devdiegpment opcanser iaran anirealnaich pHs htnee, and
negative control.. Accordingl er aspect.of the sent invention

1A 1%atdS B8
cont er?ﬁl atdesay gﬁw%&g{)&gpr&éqgi ray,of molecules immobilized to a solid support wherein

each molecule of the array, with the exception of a negative control, is capable of
interaction with a respective binding partner if present in a biological sample from said
animal wherein the molecules are in an arrangement in said array such that upon
interaction between the immobilized molecules and their respective binding partners a

30  differential pattern of density provides an identifiable signal which is indicative of the



25 cancer said device conprising an array of imunogl obulin nolecul es or
functional derivatives or equivalents thereof inmmobilized to discret9 2 han
regions of the solid support such that different discrete regions hafe’ MAY 2003
specificity for different antigens and wherein the antigens are expressed

on the surface of normal cells or cancer cells or are rel eased by nornal

cells or cancer cells wherein the binding pattern of the imobilized 30

i mmunogl obulins to their respective antigens is indicative of the presence

of cancer or a 2 ~N;lYr 703 - 30 propensity to devel op cancer or the
presence of a normal condition. In a related enbodi nent) there is provided

an assay, dexl.ce Lol B N9PDROR! Bl GofLaglder said device comprising an

array of i nminoglobull n ecdl es of functional derivatives or 5

equi val ents thereof imobilized to discrete regions of the solid support

such that different d'ﬁ%rete neﬁépns_hgge %Eecificit ngr ?ifferent

ant | gend ehARPRAEETRich of E PEFER JRHIGR & Bksriebeds srvdiadimlcsce of

non- neop} Ashitice & h Solt suppbit Eﬁh%ﬁ%@%ehﬁem%iﬂ%ﬂhﬁ%' c cells | wherein the
bi ndi ng pattern of the I bil'ized i nmmunogl obulins to their respective
antigens is indicative of the presence of a non-neoplastic disorder or a
propensity to 10 devel op non- neopl astic disorder. In a further related
enbodi ment, there is provilded ssgy device figr a microbial, viral,
parasitic or other pathogenﬁ&qggeﬁhibaidudéwgde conprising an array of

i mmunogl obul i n nol ecul es or funktiona derivatfves or equival ents thereof

i mmobi lized to discrete regions 1 S of the solid %upport such that
different discrete regions have specificity for different antigens and
wherein the antigens are expressed on the surface of said mcrobial, viral
or par a%he¢'F® agent or pathogen or are rel eased by sane and the pattern of
bi ndi ng of t i . I L 1 j i.S,..0di cative of
t he present Ihofr=S agll[‘}é}gg%g&o ﬁé‘%‘?@gh‘]mg%gée'%’ggﬁddés@&g%%@??léhgf”g a{th%gen. 20
Stild a furthes . enbadrepeesentafifférant pembentofitevieindinggrdup; di rect ed t o an assay
device for a bindin artner _in a chemcal l|ibrary, phage display library
or environnéhﬁér'saghB@”@%WﬂhﬁgﬁPbgnﬁﬂﬁﬁpwgﬁhg an array of immunogl obulin
mol ecul es or, fupgly ﬁPpéseﬂ%d MiditeY 88 dBfer&AUh MR ObBE BRISR orbiptoRixk | zed to
di screte regions of the solid support such that dlfferent555 di screte

regi ons have..specictpesiively ot whereineb enandagh maydeshevkrsreciriifférentyadteacn of

bi ndi ng of thg anti .0 i noohi Ld zed, | nogl obul ins i s, indicative of
t he pr esencé’ ﬁ?‘fpaebogﬁ@l%%?bogﬁmp@)n?m& ecslgllaé aglleﬁ iorlllﬁ Oggrfﬁre(ri B Iff'etz)er ally, a
range of i nausneag whuhimber of gs@lpe of ablanldsha thaairay oid i fiong sstmt eXxpr essed on
30 normal cells, cancer cells, potential cancer cells, mcrobes ) viruses,
parasites orPHHKOPO: 2 .~ j'~j~Y 2003 - 31 pathogens, cells infected or

aff ect qqlep%n PRSI A arPRELAGHT S 4Ry is cmghgimakrauimﬁaw enPhage

di splay library or environnmental sanple. Each group of 1 nmunogl obulins
speci f ithe fnomotalizkidfrheleerits adtthgerespectide binvéng partners ax@fferentiabpatterinrofone

enbodi nent,, a sanpl.e would contain a.m xed popul atiop.of cells and the

| mmuno GBS PG RS EXOHP PHRY e el destitanle final high o AR 3l y bind 1o
antjogenge R Baditibs bt alsoft br 4 YRPEnsityNo ABCLIBE Lai ARLEE ¥BRitiod BegissaRl. e 1s a

m xture of chem cal nol ecul es including synthetic conpounds (e.g. al kanes,
al kenes, aromatics) polyners, cyclic nolecules), oligosaccharides,

pr ot ei L] i ! ﬁhﬁﬁ 12 4 PP uli ns may
al so b2§g¥¢%€%g%mfgtﬁ?ﬁ%%%gkgggg?ﬁgﬁes o%xgﬁghggﬁgggﬁgkgen.g%hplscrete

ant i bodyvispodmpiisimpyn seapof iseninoploboign olvidcules owifilttionad deriNagiveport ope
specificity or the immunggl obulins may be a heterogeneous group to nultiple
epi t op&auipHenth thegrnd immopied toadizhrele rediansoh the seld Lipeert sl Bat<ditfersp ai n

mul 4 pl ' [ it : [ : : rd OF  exanpl e,
on 2ta5 p:fti(r?stC %g%ﬁegfr&%: E?YJ ﬁfﬁi?ﬁgﬁfgﬁggsfé?glﬁt a?lﬁ Qt sgéhga\%getjﬂ?g)f%ﬁ? gggcaﬁ | is inported
f or sulksgessedbn ainaduyfics of AGmdl tedis or eader oéllgeraup selxasedkBy normal cells.or X~, a
nunber of i nmunogl obulin sub-groups may exi st specific for different parts
of t he CARBCAYIFEHR dhs PIATAE BYMERSIuOEp Q6D aparrangement yn SadRERRSYAD- gr oups
are defypad p}%ﬁex‘?ﬁofﬂﬁe immobjlized: immpnogloblifins %Qhépfé%?gdtiqg Bﬁ/t'geﬁ??xtonﬁfes gspect of
t he present ‘Invention Is difected 16 an array o nnunogfo ufins or

der i vatdifeeantial patteenp€ dd¢nseywhicalie it the tfdrat odHin gipehidblcsifm amhisiigdngivexpr essed
on normal cells or cancer cells or released by normal cells or cancer cells
or expressed on m crobes, viruses, parasites or pathogens or antigens
putatively present in a chemcal |ibrary, phage display library or

envi ronnment al sanpl e wherein each group of 25 inmunogl obulins specific for
each antigen or part thereof occupies a discrete region of a solid support,
said array defined by the formula: m- nmz m- ,e [qo2] f ...... [gokdg Y r



t he i munogl obulins are arranged in discrete spots where y is thg t otal 2003
nunber of discrete spots of different types of inmunogl obulins. Preferably,
the spots are arranged in 25 duplicate. The representation "...... " is as
her ei nbefore defined. In a particularly preferred enbodi nent, the

i mmunogl obulins interact with cluster of differentiation or cluster
designation (CD) antigens or nyeloid (MY) or |ynphoid (LY) antigens
expressed on |l eukemc cells. Cancer or a propensity to devel op cancer is
detected 30 by an increase mthe population or proportion of cells carrying
particul ar antigens. (~~ ~~." 200 - 33-Mecordingly, another aspect of the
present invention contenplates an assay device for 6 cancer said device
conpri si ng dAnhépresncobf camenogs plopknsiyldeaidpecnosr. f unctional . |
derivatives or equivalents thereof immbilized to discrete regions of the
solid support such 5 that different discrete regions have specificity for

di fferent o sl RS QPpat bPihedbdenSeidd/iOfirdM &l Blafl aARY/00iminiABABbins

anti gens expressed on | eukem c cells wherein the binding pattern of the

i Mobi | i zedr iderivaiiygé ob ahémisaltequivhlents thexsgfespedilie fanniigams expresseddincarinaé  of

t he presence_ of cancer or a propensity tq develo ncer.. 10 Preferably,
the | mminogPnen FAETHeLS A RUEEERET Sor G ELobGE FRavRirtieneh eIt on
extends to irﬁﬁ]u)ﬂ_@él@&ﬁins%?&éih@@dr%cﬂ)ﬁnt@% log Bt enelif RBcupdstasdié@etd-refidR of a
fragments), derivatives) honol ogues or anal ogues thereof as well as fusion

or hybrid aelid bpgpoessaid priajdefinedaiytthb detimada: or r econbi nant anti bodi es. 15
Still another aspect of the present invention provides an array of

i mrunogl obul ins or derivatives or chem cal equival ents thereof specific for
anti gens expressed on nonnegplastic cells or rel easefd by non-neopl astic
cells or expressed on mcro iFI mxgar distic c Iljnb pat hogens or on

vi ruses wherein each group of %ﬂﬁyn QhﬂQUlrns fedi f| c for each antigen or
part thereof occupies a discrete region of a solid®s gport, said array
defined by 20 the formula: nt ne mm a[ goZ ] f ...... [ qgox ] g Y wherein
25 q i $0an i mmunogl obulin specific for the antigen; ; m-rriz ........ rrv
represent nbers of the same i munogl obulin group which bind to different
parts of tﬁgm§5he antigen, o~ 0z ........ -0k represent different groups of

i mrunogl obul i nsq slefd RRduREIGHRBA Ishdceid for an Antigen(expressed o 3ormafcdiPodi f f er ent
antigens. e, f and g represent the nunber of dlfgerent m~nmunogl obul i ns

wi thin each of epnegrrelioer agsgen released byka nergwheadt oneanger£6; wherein e) f and g
may be the sane_or differe i r .1 0 vi. ded t..a

| east one of e,mfnléhd"g"i"%%r%%@g[;rgégger% s%f {hﬁg%g%‘g‘}lhcﬁ%b@@éﬁgg%f%% biflh

i mmunogy obul i nsto@iffédest partsayf tikechmesantipm about 1 to about 2000; wherein the
pattern of interaction between the i mobilized i munogl obul.ins and their
respective antiQéhsi-s- i°hEﬁpé‘ﬁf”i“\f’éffHFmt&{euRié\fé@Hb‘H%?b‘gPS Sefingel Dttty ¢

di sorder or a pLUREAShE ¥ntlgensdevel op a non-neopl astic disorder or the
presence of a particular mcrobe, 10 parasite, pathogen or virus. The

det ecti on of ard,ifgedg repesoy ithebainiber bf didieregt mapuieglebadiosrplthzhegh iofi genups
nunber of ways. For exanple re the antigeng are cell surface.antigens,
the array may B8 %esi-gr&u THS é&?‘rf’?é f’vﬁgeiﬂ‘h iaﬂg gJpay Ry thg sprge f’ﬁéﬁfeﬁﬁﬁbi li zed
i mmunog) obul i nnd Bheh &2R6M0ad 100 PrédddSharay lchiiehe b€ e aNAldYS Rthot 0;

m croscopically, with the use of various stains, biochemcally or

i munol ogi cal | vy isahe tatalznuimper of gropps ofrimptinpglpbilins pmiho airasbend ydrae abent
capture nnlecul§§£&§rt@&k;icular cell types and the expression of other
antigens on nornal 't €ancer cells is then 20 detern ned usi ng | abel | ed
ant i bodi eswf@eid-thd IdRIcBRSE afttihan Qfrah @ehed G JaitBiryay sabietae dp@nintdegdioas) or by
ot her conveni ent npans._Preferably, the anti bodies are in free sol ution.
The capt urtetvigsndhe iramohyigedinypunogloblinssad ihgierespectie prtigsps p differentjad

di srupj.ed m i ' e lat veni ~ccell
sus pelrclg io sagtg?ne&gdreggﬁzé%‘ag@%%k gj Sfltffﬁda%ééug r}aﬁ &hécgslf é@ﬁc%ﬁge P ﬁ@@gg?%f@hé%g rf15i ons
are broughiantditod ageopasity v ddvelopeanderunogl obul in 25 array. \Were the array
of immbilized i munogl obulins is designed to bind to free (i.e. soluble
antigen)) then the captured antigen nmay be detected i munol ogically or by
ot her nea I i 14 -} r.ably a
S0l d Support Pt s o AR PAG(ERL BlcikioR B ERPIRte Y ghick HyRGRFLaY
Exanpl es of suitable solid supports include nenbranes, plastic cover slips,
glass slides or the wells of mcrotitre trays. Nitrocellulose is
particularly preferred. The solid support conprises an array of

i mmunogl obul in coated regions, preferably in the formof spots or other
geonetric pattern. The spots are discrete and surrounded by regions not 5
cont ai ni ng any i nmunogl obul i n nol ecul es. The i munogl obulins within a given



10 triangul ar or spherical matrix where the position of an |nnunoglobub|%#
region is defined by coordinates based on, for exanple) row and col um' é
array of i mmunogl obulins nmay cover any conveni ent regi on such as from about
0.1 mM¥ to about 100 mmR, preferably about 0.5 nmm2 to about 15 me.
General ly, each region or spot is made up of imunogl obulins having a
single distinct specificity. Specificity in this context is with 1 S
respect to different antigens or different regions of the one antigen. The
preferred nunmber of immunoglobulin spots is fromabout 7 to about 1000 and
nore preferably fromabout 10 to about 100). Most preferably, the

i mmunogl obulins are arranged in nmultiples such as duplicates, triplicates
or greater i [ I acted
by 2 by ol ogicCar HOEpLIERah Ay BRI IR BB Sl ORI BH T Soue
fluid) seruwquivhleogsdhereef mimatsiizedad distretedregions ofethe hglmph@pon shéluthdt ddifepent at e)
bone marrow aspirate, nucus or other tissue or body id. Alternatively)

the sanpl e dissrese FegaoRschave spagHIcHY der ‘Eff%eflbﬁhﬁéﬁt%d‘@%{ﬁ‘ﬁf%‘og GER) A8tigensheni cal

library, a | r f uld
25 cont ai n L e R ok L VIR s 0 Bl AR A e
condi ti éns ﬂmmmecmlemarefmranmerlahgemt inydanbarpegr wicic thaanpantindjeg f the be capt ured

by the immpbiljzed. i mmun ulln or for free antigens to be captured b
Phe 1 bt PRRSh A BUPORARIHS © HHE LR e GaERt T RGN PR UGS REy han

be det ect egr(mfd(ﬁ% iONMRBIS N naTRARE 1§H19Qa@\§e &'lﬁlﬁ%\‘%@n@@b}‘ Yanch St OERBERGH! | V-
i mmunol ogi cally or m croscopically. |Inmnol ogic 30 detection is

parti cul ar koyydeyeloperanestt . For exanpl e, a second i nmunogl obulin specific for
a 2. ; lva ™~ ?2.003 . - 36 captured antigen or cell, labelled with a
reporter nolecule, may be added. The identification of the reporter

nol eculi@ | RdbGeF Bspeb@intdohiRarddd MMBA ifér detdRinitiRLihe Présehdeadtiavibdase adrid@iord he
second i mmunogl obulin is added and it forms a conplex with the captured
anti gen, afr éipender ard RERFICBHLY tpﬁevq%@mﬁ6@¢%be¢ndﬁlqnamemcéaervﬁuelh agbytdipdr t er

nol ecul e i d e gn t Iecule
determ nedﬁmgeggor g%&?’?%r;}n e{i:luﬁﬁ%&zg’gmﬁs h?z{%ye%rggscgﬁ]tp%&gc ? |"(l:1a ion,

i s nmeant ablﬂlﬂgﬁjal]kz&nplhlffdm sdiy anitr@al, Qhﬁﬁlsp@ies@&blhhﬁcorﬂpmmgjﬁ@e amdﬁﬂgal yti cal | y

identifiable signal which allﬁ t he d tection of i munogl obulin bound

anti gen. DRATEEES OnPiRdiREpartasrs 8Yndcfﬁa"l‘ie{ Sifire, id bidHgRIPErSEsPsIatephe nost
conmmoni y U&?éitlir%?%&1%cth1ﬁxC§éic?§séa§h Edﬁhﬁlohlbpﬁus&fde@%x%@?z’oxﬁéc%ng's&xB‘Unol@ﬁ%M”ﬁs
fl uorophores or radionuclide containing nolecules (iI.e. radioisotopes). In
t he case ofamgpie wnhyan@hdmma@gaylsmran@n@ywémk:cul@ﬂpmtceﬁcf higdindhe étond or
T Rahe Bl O MIRRGH A o B RRNS, BBl ALE ey A O RaRL AR AS
conj ugat i oftet@cibniveitiethe SXiding pﬂnmeh aadlfferlzﬁudl (pawhrhy)famauty@lad;\adésmnone skill ed
in the art. Commonly used enzynes include horseradi sh peroxi dase, glucose

oxi dase, ,ideni{iahie %slilad Adchois dndigating phibe disersp sandiden ora%wggrt OTch PROPEISitYhe
substrgf e ynmes are generally chosen for the
produé?%OEO%gggﬁpgﬁg *@%ﬂéﬁ@?ﬁ% ggggﬁééspondlng enzyme, of a detectable
col our change. It is also possible to enploy fluorogenic substrates which
20 Al ternativel escent .conpounds, such

yield a qu rescent fl uyor

as fluorest rfpeéﬁapei"Eng‘ﬁlB’i‘é*emrfﬁ‘ff“H%“ E‘Pf’é?ﬁ’lﬂ%%ﬁ yme g\ﬁ’ﬂl"é(ﬂ'ei%t"?grﬁﬁﬂ‘ﬁ?@r@oul ins
wi t hout alg6pdrfly Ech@é\feldi;l adkddn G%Qﬁaﬁﬁ by nonMigMhndihyatad nl;a(hddl Joﬂg?rﬁﬁitg' on
with light of a particular wavel ength, the fluorochromne-I abel

i mmunogl ombkalmngdstuolngcamrrmlegﬂmm@rgnérhgyxan pnntuehmgaraarsmat andofontagdng sed | i ty

in the ule,, 25 followed b m ssion,of t ht at ch racteristic
col onr2r duspeSa i il 4R drray sCRuRRoReinsio Sering s Rt e ARV AU R oo
such as a tﬁ&@&ﬁ?@bﬁ&‘fgf ﬁkﬁ@]@ﬂ&eex%l‘es?eddin%%hl%ﬁi of &REr &HNIBPSdledsEd By

Fl uor I mager or Typhoon) ecular Dynam cs) Inc., Sunnyvale, USA). 30 The
presence oforr@alr@élls op [carcep cAserierdiy each gd@xpedfomnwnglebul@m sphafipfasadice of a

non- cancer ase condition nay di cate

ar't1 oul arinef onph ettcl S ik e B R oAl BUPEC 59 YRy SRR el a
antigens. Foforf@’Pl €, an increase in certain cell types will be indicative
of particular conditions. 5 Another aspect of the present invention
contermdd ates a nethod for determ ning the presence of a disease condition
or disorder or a propensity to develop a disease condition or disorder such
as but not limted to cancer in an aninmal, avian species or plant, said

met hod conpri sing obtaining a biological sanple fromsaid ani mal, avian
species or plant conprising free binding partners or binding partners bound
to a cell surface, said binding 10 parties associated directly or
|nd|rectly mnth sald dlsease condltlon or dlsorder and contactlng sald

o o o oy



70 MAY
25 devel opnent of a disease condition or disorder. Preferably, t he MAT 2003
nol ecul es are i nmunogl obul i ns. 2y > ." Q03 ., - 39 Preferably) the
i mmunogl obulins are specific for all bound antigens or sol uble antigens
such as antigens on or shed by cancer cells. In a particularly preferred
enbodi ment) the pattern of interaction is nmeasured qualitatively 5 or
quantitatively as a pattern of density of either cells bound to the
nol ecules in the array or cell-free antigens which have bound to the
nol ecul es of the array. The pattern of density may, for exanple, be
determ ned macroscopically or mcroscopiedhly or may be nade with the aid
of artificial intelligence such as using a conputer guided densitoneter. In
addition, the present inventfon enconpasses guantitatjon of binding
pattern. Such 10 conputatio aI a L gﬁbthe a tigud arrays include, for
exanpl e) nunbers of cells, ntﬂg n- 90 | I =bi ndlopg patterns, densities of
bi ndi ng nunbers of cells per| spot r ers of antfg ?s per cell.
Accordi ngly, another aspect of the present i nvention provides an assay
device conprising 15 an array of.nol ecules wherein in each nolecule in the
array, with the exception of a negative control ) is capable of interaction
wthits ré@b@émlve bi ndi ng partner putatively in a biological sanple from
an aninmal, avia re i
arr angement i n° Sk aiarinOE R RETE! i bpfcRBRE I A fork ) Bl 0n o1 e
and the,pinding(pﬂ&ﬁBGISrauQxﬁteaeaabahrp&hM&mn(ﬁkad&meEMy provrdes an
identifiable signal which is 20 indicative of a disease condition
di sorder or a pﬂEthsrty’FdFPFﬁ%“HEW§F6pNEH%S%WC5WHP@§%@eI%UﬂHPRP@Hmd¥“d
di sorder. Mbore SRS i nvention contenpl ates an assay
device for the 3?33&%@#?&%yoggﬁggﬁéor ahpropen5|ty for the devel opnent of
cancer in an anioiai ..suchxasprasenudidferers grahp? of asmayogiehuline deHingt bysspegifiany
array of nolecul e mmbi lized to a solid support wherein each nol ecul e of
the array, mnth‘?agkg¥%éﬁﬁ58ﬁ of a negative control, is capable of
interacll on W tR fajdes a%tsefrm@hmdbagomrfére@:rmﬁmpg%ﬁnhs iithih QcRbPgidups
sanpl e from said ani mal wherein the nolecules are in an arrangement in said
array such that oupon -i-noerepestyslymndt wiesein eh & andraromy| ieAbe Siimti etdiffeserar e
their respectiv | [ ensity
provi des an i de%{,&)% b{]gogllad e ﬁiovatrgvﬁgﬁi g{al %\t Fa%g%?e\;rlléf%?ft eg 'Sc}?@rt Bi Y - 40 5
10 15 presence §fis t@NGEY mdibed op LR S irymiito glebudin® Pn dRNGedy. ardd € ffenastlon: t he
i mmobi |i zed nDIecuIes are i mmunogl obul i ns and the binding partners are cel
bound anti gens, 2ith#Rqua4PO%el | ul ar antigens or sol ubl e (i.e. free) antigens.
In a pgsti Gikakl aﬁentcﬁéc%rers%ﬁe SR AT B ntlif) Sail AFAD QGLORY bith RfLadiibhanged on
the array such that if a cancer being screened is present, the pattern of
interacti ohetpreowthdemmbdtztd anennegidbudien gnd ylewrrﬁmctgrwamlgans a ddferértiabbl e
shape, such as a.letter, n onetric desi whi ¢ e readjly
det oot ed. - PRRTRRLAERLT PRI Rp MeaboriF RERY Ve B bl e iRy ﬁogr’%@ﬁ?é
Myel oi d LepkeBi é 4 pAvpdnsitifo b@eﬁj’pra'ﬂﬂ@ﬁd such that the letter "A"
preferentially shown as nore dense dots relative to background The letter
"A" is used for the purposes of exenpllflcatlon only, since any geonetric

shape af,| Y/ e

nvent P’ {eOREFIBRG sORbmBft3 e hor 3R Rind B Ridsefie AP REEE Elfaigpr
support sabgdigsrdeyordefropaditpyo ﬂéW:ldpr disdade cdndtiomror disorfler3uehas 8@t not. . . . (
Pxi ) a z 20 25 wherein Pis a nenber of a binding group capabl e of

i nt er act i nHMiEd B @OEATARAR ANiFIA taYEAD: SpReiesor plant, said nreﬁr BHE FPBE ént
menber s of X bi ndi ng
gr oups; b%ﬂ%c@l%ﬂkﬂ%ﬁg@gﬁgh% emnﬁﬁ%%?m§F38|PFg$§%§aﬁ§ g%é%gp e bi ndi ng
groups x~ partners or.binding paspechiundliy aznid swfee esaid bindinggpadtrdranmyodieed he sane

or different and each is fromabout O to about 100 provided that at |east
one of 2b, elrtﬁﬂyar.ﬂghrﬁeﬂy Bith FaA IR GOBERN QU A5EFIcH ANG FRRIBE IS SA it gleeicels on
the array ?a?rg:lé antra%mra%tntot@mm ah Tray of m%q'ecﬂﬁgléh AF00F bilHRE 8 Lhid

nol ecul es are 1 n an arrangenment "I n Sal ?ray suc Bt upon I nteraction
bet ween t heintdmpgphithdrz edierel e phesnafichttlaaion wigls peciindiag pandérads pdicktiver S, a
differenti al pattern of denS|t|es wi thin a binding group provides an

i dent i fi abPethgispase coRfliden redipgidercdta W@P?i’ls“)é‘%d‘?ﬁeg@éé‘éd digprif cruhitigey or

di sorder or a propensity to devel op said di sease condition or disorder.
Still a further aspect of the present invention contenplates an assay

devi ce for cancer said device conprising an array of i mrunogl obulin

nol ecul es or functional derivatives or




equi val ents thereof immobilized to discrete regions of the solid §ubﬁ6?%2mﬁ3
such that different 10 discrete regions have specificity for different
antigens and wherein the antigens are expressed on the surface of nornal
cells or cancer cells or are released by normal cells or cancer cells
wherein the binding i munogl obulins are man arrangenent in said array such
that the pattern of the imuobilized i munogl obulins to their respective
antigens provides a differential pattern of density which is in the form of
an identif able signal and is indicative 15 of the presence of cancer or a
propensity to devel op cancer. Even yet anbther further aspect of the
present invention is directed to an array of inmunogl obulins or derivatives
or chem cal disgpdéval ents t hereof specific for antigens expressed on nor nal
cells or cancer cells or released by normal cells or cancer cells 20
wherein each group of imunogl obulins specific for each antigen or part
thereof oCCAR@fer AslSsH BE PresfiifVEnfbn Bork@hpidics YRRAAAA oSdtchiiap baYeeA st h ned
by the formula: mn2m~( go J...... ~ do, a2f kgY 25 wherein g is an

i mrunogl obupropensipe®i davelopern@n imahigen cen@rkgsadaromal saormethod edrhpgingancer

cell or Jntigen released b ormal..cell or cancer cell; rnz .....
epr esent | rATABS & GroleHiA SHmEIe AR RS OBAR Sh oG BB ARG e et 5
?_103 - 42 gigogicdifs@npRtwiRRhd Srraf of Mnlﬁfégﬁ)b_@ﬁﬁd &eferivativ&Zor-chemical equivalentOK
represent different groups of i'nmunogl obulins defined by specificity to

di ff erent dhereefespecifie forfangigensgxprepsed parmormplecels nb eancef cellsfdraeleased by

i nmunogl obul i n 1 thin each.,of .groups,5 0~ gz ..... k) respectively and
wherein o TrRGH bl e el Bin dr fpaimpniinnafit webTRER 6460” 100
provi ded t hatigetorlpaasheredfodehipies a Hisareet @gios ofi@tsoldd sippost, shig ak@y @Eﬁﬁ%dﬂ%er of
groups of imunogl obulins on the array and is fromabout 1 to about 2000;
wher ei % héhti9r@elal es are in an arrangenent in said array such that upon
interaction 10 between the i muobilized i nmunogl obulins and their respective
antigens, a differential pattern of density provides an identifiable signal
which is indicative of the devel opnent of cancer or propensity to devel op
cancer. Still yet a further q; et™ of t|He present (Myenti on contenpl ates an
assay device for cancer, 15 sard'de % £CONDIF i %hég n array of
i mrunogl obul i n nol ecul es orL functional derivatives of yequi val ents t hereof

i mmobi lized to discrete regions of the solid support such that different

di screte regions have specificity for different cluster of differentiation
(CD) antiggm§re d/or lynmphoid (LY) and/or nyeloid (MY) antigens expressed
on | eukem c cells wherein the nolecules are in an arrangenent in said array
such that upon #Hisngi ingmofogiobeli® Opdcifieatbr an aeikeh rrpreegkiatmud narmat et drei r
respective antigens a differentjal pattern of densit p[pvides an

i dentifiable siGHET SHiOE ARTEET IRIGAEE DY Ahopmal ¢l ¢3r@BeH & of cancer or a
propensity to dgyglhOp. CangfhresENGhiRberASMBE karh® HhRNRLAbGR i bEY WA A4
determ ning the presence of a disease condition 25 or disorder or a
propensity to devffapnipatis o€ esamgragiiginon or di sorder such as but not
limted to cancer_in an_ani nal ian species or plant. said t hod.

compri i ng obt afuff ng-a- B GPEg SR sF IR of Rrp e QR s enac W SR leitgs or
pl ant ggnpri si ng diff@entinfigéd’g partners or binding partners bound to a cel
surface, said binding partners associated directly or jndLrectlg w sh said
di sease condit i%r 384 EdPRIGFAE Fheninben at diEerenyinyaprpeiling Madhin cgh ehagaups wi t h
a solid support_conprisij . | e L ngi to said
- f 2~ I~?,~f”g2'QOOéhﬁ%ﬂ%E%?%%?%%Q%gg@ﬁéﬁghggéﬁéfﬁpPﬁégﬁgpégg%%gnare in
an arrangenent dnd eaét @ fegni Ayo 30C pravivat thapanlehdttoae a¢lei OAnd\g isnot De bi ndi ng
partners a differential pattern of density provides an identijfiable signal
whi ch is indi catisvie ©fal pamber ofe8dpscd fmupegiobHingjonghe arrapy andyis Sragpabit ty t o
devel ops sai d disgase copgdition or disorder. S Yet a further aspect of the
presenf” i nventi'on contenplates a nethod of treating cancer in a human or
non- human ahéreilthspdtdriet ashcnonpeiveem thedhinaibilizeg imnhinoplogilralang @gd e from
said human or non-human ani mal and contacting said sanple with an array of

i mrunogl obiPRESt YOABEENSs rshicatiye ef (6 Hayelepanany 8f Fass™ BF 2 BRI dp develeter eof

i nobi |'i zegd | 10 discrete regions of the solid support such that different
di screte regions have specificity for different antigens and wherein the
antigens are expressed on the surface of normal cells or cancer cells or
are rel eased by normal cells or cancer cells and determ ning the binding
pattern of the inmmobilized.inmunogl obulins to their respective antigens and
t hen undert aki ng i mmunot herapy using anti bodi es agai nst the expressed
antigens. These 15 anti bodies are preferably humani zed nonocl onal
antibodies. A simlar nethod may al so be enployed to treat non-neoplastic

—— S o s



i mmobi |'i zed i munogl obul i ns may then be used in any assay. Again, this may
be automated or conducted using robotics. 25 The present inventiipg fiky thas
contenpl ates the use of an antibody array as herein described in the =~
manuf acture of an assay device for the detection of a disease condition or
a propensity for devel opnent of a disease condition or to detect a m crobe,
virus, parasite or pathogen or to screen a chemcal |ibrary, phage displ ay
|l i brary or environnental sanple. 30 2 4~ re,a~r 2003 f - 44 The array of
the present invention may al so be adapted for use on a mcrochip. Mcrochip
technol ogy permits the generation of thouséinds of antibody patterns for a
range of conditions and further permts automati on and/ or conputer

anal ysis. A "mcrochip"” includes a matrix support conprising an array of
adapter nol ecul es, |ligands or potential 5 bhindin artners, The present

i nvention fUPtHEANRBEY %qﬁfﬂ‘é??&e RYCHFR HyGRigAn i dasgt E’t‘hEb‘Fﬁ)?ﬁ Sy ‘i‘féa)r%nt i fying
an antigen I I RNV all i =1 f i : dror
i oh 1 o spaar e R O A ALY ek B R bl pRaR ARl

m metic, prsemale tngleenmanetthdprtyerice of aidised® canditige or disomlec gt @ propensiggienthe
specific¢c to said anti.gen and then adm.ni stering said antibody or cytotoxic
agent faor ékY@H@“QH&fgﬁﬁgﬁméﬁﬁ FFWdﬁ2ﬂ¥ﬂ$?icient to effect said treatnent.
I n one enbodi nent, the antibody is a hunmani sed form of a non-hunman-derived
anti body. In another enbodi nent, the human or humani zed antigen is

conj ugat ed Anotlzr espect okkihe pleSentoheawios coMhmplates aamdthodelaintatiog candeends t o

phar maceutical conpositions ¢ rising the antibody, cytotaxic a or
Pr ot oi n- i AGEER OF SRR R SBL T 1 STF ey OHPEBE SRARE SR RRcgp@ale rom
phar maceut igialHuhad ©F 8Bh-ABMEn GAkd] ahd cantdiing sall lskaplesyvitByn ey &f exanpl e
only, the present invention is now described with reference to one 20

parti clf ar iremboeslefiin mpleculesher paetiopal derivatiyesor equidalicnis thaoepfammapelived tThe
foll owi ng description ks..in: i |t m e i ant J-nyention
to one par ETEar ol esE st Sl nEh BRGSO ghEles fedfork BENEeclot PR
present i ndEfdrém AnGFend lagd whageinl theratigensrd enpeassl abthdatfade cfmobinak dtfls or
expression of CD antigens on the surface of |eukocytes isolated from bl ood.
Ant i bodi esCat8Y Frdls o precisleasnd Ryoparmal cels qricanges gells7id dsiermpingheibistives (1 gG
1, 19&a, ! f iz i RRAb SIS LRAGR I fleir | ok ACRdTREK ST S

i mpor t ant h?.ghgodpggﬂr?gg%gl of ru:ngﬁke%i as (Ctsl %gﬁﬁ%?ﬁ&eA%gLA- DR, KOR- SA3544)
FMC7)  1Smunadgriebmg iimmunathpepaisdcl anwilla) bvanet labitedcioe lumsnigedhonimianat 0 a fil m

o L oL gRE 20, S0 PR3 ORGP SH B R eD orpr o

anti body dot. Particul ar categories of |eukocytes expressing specific
subsets of CD antigens are identified by the dot pattern obtain fromthe

bi nding of cells to the CD anti body array. Various types of |eukocytes and
| eukem as are identified wwth a high degree of certainty by the pattern of
expression of CD antigens, where different sub-sets of 5 | eukocytes express
different conbi nati ons of approximately 12-20 of the antigens represented
inthe array (Figs. 1 and 2). This formof nulti-factorial analysis is
based upon pattern recognition for different |eukocytes or |eukenm as. The
present invention permts a |arge nunber of antibodies to be used which
makes this identification quite robust with variations of expression

tol erated between different sanples or individuals, 10 Mature | eukocytes
differentiate fromstemcells in the bone marrow al ong particular |ineages
to myeloid cells and T- and B-|ynphocytes. The expression of CD antigens
changes as precursor cells differentiate fromstemcells along the various
| i neages to mature sub-popul ati ons of | eukocytes which express a particul ar
sub-set of CD antigens. 15 Thus, the sub-set of CD antigens expressed on a
| eukemi a may be simlar to that of a precursor cell in a particular

| ineage. Alternatively, blockade of a particular |ineage by nutation nmay
result in differentiation of precursors to cells that express an unusual
conmbi nati on of CD antigens. 20 Application of the subject antibody array is
illustrated by determ nation of the expression of CD antigens on nornal

peri pheral bl ood | eukocytes (PBLs) and Chronic Lynphocytic Leukem a (CLL)
cells. The CLL cells bound to the antibody dots with a uniformintensity.
In addition, CLL cells bound to fewer antibody dots than normal PBLs. Bl ood
sanples were tested from CLL patients with advanced di sease with white

bl ood cell 25 (WBC) counts of 30-86 x 109 cells/L and al so from patients

wi th WBC counts conparable to the density of nornmal PBLs (10 x 109
cellslL). The antibody array pattern for this low level CLL was stil

di stingui shable fromthat of normal PBLs (see results for CLL patient KB,

. - - ~ \ ~rN o s ~ o~ o, ' 1 o £~ A




10 i nmune and i nmmuno-deficiency di seases, H V and nononucl eosi s. Ql'gnf,,,,\\,

addi tion, the method could be used for analysing | eukocytes in cord' bl 083
and bone marrow aspirates. The foll ow ng description provides the nost
preferred nmethod for preparing the "antibody arrays. The panel of
antibodies is generally used to construct antibody arrays with the 15
Cartesi an Technol ogi es Pi xSysTM 3200 Aspirate and Di spense System The

anti bodi es are chosen for use in a particular diagnosis or detection
protocol. Each antibody is generally apptiléd in the volunme of from about 1
to about 10 nanoliters in a dot format at approximately from0.5 to 1.5 nm
intervals to create an appropriate array on a nitrocellulose filmgenerally
lai d on a sERIBFNEKGRIPTHN RFAFIBEIGHBES| inited to a microscope 20 slide.
After dotting, the supports are assessed on a light box and the corners of
the arrays marked gently using, for exanple, a |l ead pencil. The anti body
arrays are tigiveilnead&genmatie lepiesditn@nagewninginedpeasolrldohad! diffeteneatidm
skimmlKk) Irish nmoss extract or ather source &uﬁarra eenaB or gelatin.
From about »19RrerusgesGell ppesram wiigh mrmwsm?éwﬁ FR2pREse t Daerpination ght or

at 37C forg Eérﬁﬁib@%H%erﬁ@rpleggom%ﬁé)abﬁ uReqil sl @hgnbsidr i leuldinti®c. 25
application of the blocking agent, the solid supports are washed gently

wi th purifi Euieadler Chhd Croragetyetosd Beykegtia;rdMM I .ohpie Abigloaaneeytic peri od of
tine froma - 20 m T i.d -suppor f - jn an
i i gnt bagtaeie Aoy RhReLendy e 18hlhif REET AP EPUSLERGRAT
arrays are Amegh| ycitaMezakagoayric Leckamsitj ANModg Afcntenvi@odyticlieakeamia y AyH”

L PO R M LR o B LR R R R NGt HbBkiet are

then prepar EgmpontR AR A @@ BroigelooRin mma&ammwaw%am@gam@ﬂ.th PBS.
The nitrocellul ose is then wi ped dry around the edges of the marked array
and placed in a noist environnent such as a petri dish lined with danp
tissues. FrggADOW, diffalnmadl ApreselSristh-sHdlvitLlileas4SBE BFfePhtiafoPbPEbLED ONt o
the 5 slide wthin the w ped edges of the array. The array is then

i ncubat ed vdetlfhin the bord marrpy. tSemerantiRelisfexpugssetl 08 @drequetor icelth apd magpre blood

appr oxi mat hiPHLEES ARl PROL LS LS (1dx@) ti me and tenperature of

i ncubat i oneég%is %‘%ils ‘g‘g% ntArTap3} cge{)l;.\lllarl eg n?%)rpstuallt( dtﬁgﬁ)e particul ar conditions
for the cdénveni ence of the person conducting the assay. 10 After incubation
with the cel.ls he solid supports are refully sub ed or imersed in
PBS then piidels 3 1 2 appmeiir BRrcs e Bl 5 Brod M B A B Bl b0

cell s not hauwnehunpasiyf devitelcympmsihgan arraayt dikdregiagtibddycspots. backgr ound

bi ndi ng has occurred as observed by m croscopi c exam nation, then the
washing step is repeated. 15 The array is then observed m croscopically,
for exanpl &igieidng adihgEAnimitSrersehtdtl o Gh&GHE AA Anfib&ly Qs 9 RRodeBlinepus Opti cal
Conmpany, Japan), with a UPLan 4 x objective with the condensor set at the
phase 1 pBsition and a green filter over the |light source. Images are
captured apgnRPa3l ¥3HdNSfRG &j it FhdinhRlccaaereds ik fAMma R 1317 X
1035 Pi xel s, Photonetrics), PCl Frame G abber and Wndows | nmage Processing
and Anal ysiwnglonggktlybeund (t@pent af thespete of an aniigedy (Gaudtep Bedkaran drrayr

present ati i t i 0 f i.nt ities
for speci flglgsogferqglgﬁé%g %g@?&sﬂﬁ-{;&gggﬁgiﬁf& ?(f)sgg‘?/e %@f’ tdlogﬁeg}llégpr?ogg fgfa% using a
rel ati ve seaicedunés vsed are described4n Examplestl and\ | exceptebaradiibglid¢sheere appliddsn as

conmputer files, t i bod I ound cells are fixed by 25 bathing the
slide inQ%A&‘S"f‘}%{‘gﬁ%g&('og’éﬁ@%(ﬁ‘f%ﬁ%ﬁﬁ@h%@; 2 % D-gl ucose, 0.03 %v/v
NaN3, PBS (pH 7.3)) for 30 mnutes. After rinsing in PBS, the bound cells
are stained for 5 mns with Henotoxylin counterstain (Ilnmunotech,

Mar sei | | e, Fignzin€é9 2 phitegraphiarapseseiationef] @ERIGICEM (cpls rugd to T satibgdy
supports a i hn . PBS, I at room tenperature. The
solid supp%@tatsnﬁﬁ’%fh%cﬂgﬁgB\é&saullt%géaﬁggzﬁgdyé?\g??é@gdﬁ' th PBS and re 30 exam ned
m croscopi cal |l y. 2 .f ,, 2a3 Although the subject invention is

particularly exenplified with respect to using.the assay to detect cancer,
as descr?’%té“&‘bgg? reprSeiAion Pf ag Oéllysabra%%mﬁ@@gv”&‘cFCHZt“S%t or quantitate a

particul ar nolecule or class or famly of nolecules in a chem cal sanple
such as a S chemical l|ibrary, phage display library or in an environnmental
sanple. It may al so be used to detect or quantitate particul ar m crobes)
viruses, parasites or other pathogens. The present invention extends to al
t hese aspects. Furthernore, the present invention extends to the use of
genetic neans to conduct the 10 assays. In this instance, the P nol ecul es
woul d be ol i gonucl eoti des. The binding partner would be a DNA or RNA (e.qg.
nMRNA) sequence capable of hybridizing to a P nolecule. 1n a particularly

- RN 1A o -



30 30% wWv skimmlk (Dutch lug, Bonlac Foods Ltd, Mel bourne, Aus?raffg)ﬂm3
and t hen 2 ;.~r~t ~~ ~ ~ ?2f?03 -sl rinsed. O her protein solutions and
ot her bt ands of skimmlk nmay al so be enpl oyed. The anti bodi es may be
covalently coupled to the solid support such as through am no groups of

| ysi ne resi dues, the carboxylate groups of aspartate or glutamc acid

resi dues or the sulfhydryl groups of cyste~ne residues. The array of

anti bodi es selectively binds cells 5 from body fluids which express the
respective antigens or may bind free anti-ddns. A positive and/or negative
control is included such as an anti body for surface nol ecul es or sol uble
nol ecul es known to be present in the sanple. An exanple of one formof the
assay devi cda) sabghorkey foiRihg pogtionT: héamrbbd)dd@appmcmrﬁas, ®&OVERFePEMyT ot

gl assor "ot HRCBEY JreRrl Prat y PRS00 Noiind FREeTR Hart o e ditaRao

duplicate, ®BSCrMaIg SIANEE2a idiMlar®fsoBPe sHREE anlfiBoAgRt NEe nuhbsed dendfcound
the mcroscope slide may be separately added or mpulded with the slide and

this facili@Bibodicsde gigtretsuansiC mie@uwa(%rﬁ ganoteypati-6Ax e (1P vt glyeorbietiends

to any other I i h?gq_ E1PKESE

i nventi on. ﬁq%ﬁL@%ﬁﬁﬁgﬁiﬁ&E’g&%&Ng{ Z%Poo slgﬁrrpfagsuare u%ea as a
sour ce of aamﬂgéwa)gmnubbﬁesmnfaﬁéSQKpnesmdﬂwﬁﬁﬁigemsﬁaﬂyaranmdaﬂnHMthto
prevent cl ot for er.al .bl ood Iynphocytes may be fractionated by
20 centri f ufSHPEHS %VﬂW%ﬁgé%mgemﬁﬂ?? coat” or nore specifically by

Fi col | -Hypaque density nmedia. Further fractionation of |ynphocyte or other

cell sub-po uIatlons may be conduct ed uﬁéqg nabeads mhlch are magnetic
beads coval EgprgSus %R@dograp'ac SPESFRIREOTR: B%)/ arggyg dgsid ith legkpytesr e

r esuspendgfiniritiddafim %eﬁﬁ}ie%l'b%d%o@mge{ﬂﬁé key RF té positBh of ﬁht b'ifd?do@sniq i e

applied to an anti body array as a uniform suspension of

Hanks sol ut#rey; (& noseebPBle RiQY EbhLbinsgerf| ki 6 Bcvﬂﬂuﬁhl%llﬂt%ﬂ"ﬁ@ﬂﬂ He) CLL
viability gY?X3 I n p
incubation%&@ ?he C sﬁégéﬂgfgﬁdﬁﬁ¥ﬁMgﬁggggpﬁéuqug?r yﬁpﬁ“p§§%gﬁ' (%htes

(e.g. 30 mletlésf)nm:bnﬁKECm patientrKR . a@%s&ﬂnebeqndtthernambou?ﬁﬁ with| ED BA endashed
fromthe ar phat e ffere al i quots of 20 pL)
which is thlré)%}’/ﬁ %ﬁm%a‘? aU§)S ""Ee Erl%{Fn Séﬂmgesare suspended 30 by

gentl e roaski ng and the array IS subject to washing with pre war med Hanks

sol ution ( ~ ~' ~ L.MP ED METHOD
OF PREPARI ?&‘@'S‘ﬁl\?éﬁé 83"9&”?5‘55@’658?‘3%‘%& ?“Bb”d‘?ge@e (gtﬁf%q{‘ E‘XA b§“’l’¢¢§ Ifegiensity

ant i bodi es)anli shesi@thet 0f EQRPouMEL AFbOBOEY dEd.ays with the Cartesian
Technol ogi es Pi xSysTM 3200 Aspirate and D spense System The nonocl onal

anti bodi es are chosen for diagnosis of comon types of | eukem as. Tenpl ates
for the antd dQH@MO%E@Ya%hQQI Ifebx%sahdt%ssnawagnﬁ@r%%bﬁm BetFeSSantibagnd 8A.
Each anti bo 5 10 nL) is dotted at 0.8 mMmintervals to create a 0.65 cm x
0.45 cm dprcaryceofmattwnﬁutbfr wuehar of Bajs celld bpupd taantibedndedpe slide. After
dotting ) the slides are assessed on a light box and the coners of the
arrays are marked gently with a |l ead pencil. The antibody arrays are then
imrersed in 5 %wv blocking agent such as skimmlk, 15 bovine serum

al bumin (HSA)~, calf serum Irish noss extract or other source of
carrageenan or gelatin in PBS at 4C overnight, equivalent to a 90 mn

bl ocki ng at 37C. After bl ocking, the slides are washed gently with purified
wat er and allowed to dry thoroughly at roomtenperature for 90 mns. The
slides are then wapped in GadWap (trade mark), sealed in an air-tight
bag and stored at 4Cin the dark. 20 Cells to be tested on the anti body
arrays are freshly harvested or reconstituted fromliquid nitrogen storage.
Cells are washed in PBS and resuspended at a density of 1 x 10" cells/niL.
Slides to be tested are unw apped, warned to room tenperature and noi stened
with PBS. The nitrocellulose is then wi ped dry around the edges of the

mar ked array and 25 placed in a petri dish lined with danp tissues. The
cell suspension (300 ~L) is carefully pipetted onto the slide within the

W ped edges of the array. The array was incubated with the cells in the
hum di fied cl osed petri dish for 30 mins at roomtenperature. After
incubation with the cells, the slide is carefully dipped into a 50 nlL tube
of PBS, 30 then placed in a petri dish of PBS and gently swirled to wash
of f cells not bound 2 ~~~'",Y ?2.f~~3 - 53 specifically to the array. If
significant background binding is still observed by m croscopic exam nation
of the slide, this step is repeated until the binding pattern is apparent.
EXAMPLE 4 5 ASSAY Sanples of cells or antigens are applied to the

antlbody nenbrane array, |ncubated to enable ﬁHXIﬁH| binding and non-bound

e o



The anti body array such as against CD and MY antigens provides a pattern of
expression of the antigens and this is then matched to set patteanshgm
antigen expression for different 30 | eukem as (e g. acute nyeloid‘leﬁkegwg
[AML]). For AML (M4), for exanple, the ? :~i~f'f 2003 - 54 follow ng
antigens are expressed: My4 (CD 14), MW7, MY9 and M)1 (CD 11 b). EXAMPLE 5
DETECTI ON OF HUMAN T AND B CELL LINES 5 Sanples (0.4 ~L) of antibody
solutions (10 ~.g/nmL) for CD3, CD4, CDB, CD14, CD19 and CD56 (Coul ter
Beckman) are applied to a nitrocellulose filmon a glass mcroscope slides
(Mol ecul ar Probes) and naintained in a noi%t atnosphere in a Petne dish.
Suspensions (500 FL) of human CCRF- CEM | eukem a and Raji B | ynphoma cells
(10" cel | s/ PETAUSRIEDEYERIPFEONO N THENRR EFERRE]) EMBOMMENTSINd washed wi t h PBS
as described in Exanple 2. The CCRF-CEM | eukem a cells bound strongly to
anti-CD4 and anti-CD8 with sonme binding to anti-CD3 and no binding to

anti - CD 19. THgreRArinveRlohrovitiss HoARs) d&vi@ohpHEHnt An aﬁ!&?ﬁﬁ h&8Hdsapaylt cat e
that CCRF-CEMcells, for exanple, express high |evels of CD4, internediate
| evel s of GBnterasuen with puldingofar@es potentiaBy pregenslie a lsempledo b 1O In oM 4 and
CD56. Conver sel pl. cells express 15 CD19 b not  CD3, : .CD14
ana coser - TeEert bt a5t o ABKREE ot Oed e R ST B Y EUEE wer
confirmed ardnk@wr ehe REEVE IhtdrBa&InHEtkkcdhkds 850l EASECA Hikdihg Baiungs Pﬂiviick%@di es
| abel l ed with the fluorophore, FITC. These |evels of expression of CD

anti gens araa indagiostod amopnalcoaditiog on disgise serditeon pregicpndet irf e amimghdavBarcel | s

Lene o NBLLL Yo g0k R8BSl b Bpe SRR S b, L
observed wiih¥endion (3l asspissfuBRaQefccting esmaaca nvhaeosiantece(l@opunatisnQuich aal 25
Conmpany, Japan) using a UPLan 4 x objective with the condensor set at the
phase 110po§§@1rg6ﬂ iy FPHOGY FeRAPUAtopS Pldlwave phdon 5xgmples SOpIEOPIpstsgHsordrip of
captured angl. adah Si L O C I 1035
Pi xel s, Phg?%netH%éggéHpg?ﬂiggﬁgg ¥a§gg%h%h§sw@%l§%§, nﬁ%gggygéé%lfﬁéﬁgnd
Anal ysi s Soé tigtect@ireOiygort indlir€ggly iceB typek mad) path¢gena intcihvsiinly patesies perusks amk) wer e
processed far Eresent iq&ﬁgsiqﬁﬁidobe Photoshog 3 verﬁlon 3.0 software.
The i nt ensPFELTEABFMS HB& PrtEen g ergs e spmplegya ghapicabbibiglygan o js 2

s~ -1 2R8PommedRi &dnsifle bES BhaRdispiAyNSbrary! @habhivén ©F Bl théh provides int, +
+ +. After recording the results as conputer files, the antlbogé_arrays

wi t h bdénd inditarey of the Freseaer. BypermdHiTnauRkotsd pajacylar tHpdiag Paxtags Jais(ie. 94 %
v/ v fornal X 9 0 D P : for 30
e R e O S T S S
Henot oxyl i prodacs be tishdtah liptaries fiat agehts hiiing eaidticelar kfmids) Inibash impatans t he
nuclei of cells blue, Slides were rjinsed in PBS, dried d.stored at room

t enper at ur &T SHEENRR P&é&eéﬁpﬁaéélbegﬁesu’ T BYRE GREAS PYURRIRE MNP DD

r e- exan negrofiiG! 956 RRhitalivn oA EXNYEFes 1 WeRWAL HEATENpARE: SANELF! CATI ON
OF CELLS BOUND TO AN ANTI BODY ARRAY There are several options for detecting
whol e 2@l | miweticant i gens from a bl ood sanple bound to 15 an anti body array.
(i) The cells or antigens are reacted with a reagent which covalently
attaches fluorescent groups to am no or sulfhydryl groups on all proteins
in the sanakérdipplyt 8k Spédi 0 (R iny MilodGrdbadesPOARES; device comprising an
http://ww. probes. con) available as protein |abelling kits are Al exa 488 20

and 3- (4- carBokBelasdss Whegein segh meleoule i heamanewifh she @EErion ofif regativgy be
ited at i . ively. : d t
o e 2 e R PR B LA RS Fep AR Rty BRLTRRERS 10 o

menbr ape- peiclgaal sapipiiort @aetinyd] pdvigh Pécienbr pieml Whdrain (RS paicas 68 inte@adtiohm
fluorescent 5-chl oronethyl fluorescein. This product undergoes a gl utathione
S-t r ansf er BEWrEEHE Brokgulee ard the RIRANGPBHGEDS MdiRsHNE aﬁénpfmgr%%m@n oK

gl ut at hi ongBf | L | 1.1

proteins aﬁlgéaéggénﬁgg)g% gﬁjs}’)glregqggg%}o ga%]g;r.o} Bﬁ@g&@?ﬁ%‘%&‘%@%ﬁ%%%@dﬁgﬁ|Osr
bound to adisendti.body array are quantified using a scanning fluorineter

(e.g. Fluorlmager or Typhoon, Ml ecular Dynamics) Inc ) or a confocal

m croscope. MId reaction conditions are preferably used so that the
maj or i o} : i NG : ~ are
abel 184 ¢ DG aELorl Bl R sBIeP Ty FERril i B bl WERAP BB Tec.
Cells are washed prior to reaction with the fluorophore. 2 3 rlrhy 2003 -
sr; (ii) Unlabelled cells bound to an array are reacted with sol ubl e,
fluorescently-1|abelled anti bodies which bind to a different CD antigen on
the cells enabling quantification of bound cells. s (iii) For sonme sanpl es,
the level of cellular CD antigen may exceed the nunber of antibodies
available in a particular spot. CD antigens found to be expressed from an

Y



1

30 fluorochrone attached) specific for an intracellular antigen, of ‘i hddedi03
wth a nunber of 2 .~ i~ ~Y 003 - 57 different soluble secondary

anti bodi es, each with a distinct fluorochrone. Expression of multiple
intracel lular antigens by the nenbrane-bound cancer cells (e.g. |eukem a)
bound to the array is then determ ned by fluorescence confocal m croscopy.
5 Fixed cells are stained or fluorescently |abelled to enable
guantification of cell densities mthe original body fluid sanple. This
guantification may be automated with a progranmabl e scanner which records
cell densities at each antibody dot in thearray, for different antibodies
(e.g. CD, MY and/or LY). For cell m xtures containing unknown proportions
of cell subiappesorydenaninabé&. pfmowdel sabdbiippessa pig, dapaer)] camh@nieuriiasiee. g.
antigen are quantified_by,pindin cells 10 to a series of uniformy-sized
ant i body dof@2iaD R caRYESId 3pRE densities of the same antibody by factors
of 10-fold. The density of a particular cell sub-type is determ ned by
densitonetric or fluorinetric scanning of fixed and stained cells bound to
t hese seri alheg/pickartedchnamiliibadlymdot s t o det ermi ne when the density of
antibodies in a particular dot exceeded the density of cells in the sanple
of cell %uspension. A second formof analysis is to run a 15 cel

suspensi on efen® Ve a1d DALTdsCHOREVANJ RO d¥ied iRk tideRsetoMBRBREDE: i X
and stain the bound cells, and then neasure the length of the stripe of
bound cel | ddisatersiiv aviap spesies land ptantsof Exdreplenefaviaarspediedinciwtie pmdtry Hirds

density of cells. expressing .a particular antigen i,s then cglcul ated from
the known HEraichiSKERp ARy Efey Rk iEOiAePHOE frol FRaS. i ducks. peacocks
seri al | y- didnatraghtes bRedy. ¢ eins 0bstathaaNt ERaHYeSbf pIRGs ifudehdHobsty1eabasdar d
is run for an antigen expressed on 20 normal | eukocytes not relafed to the
cancer 18| |aad digptyiedanquyplaaty inpfuding exaporiants.ofmii ersi exnamengl plagtaiandt CD, MY
or LY anti t p expressi.on of particul ar antigens

i dent i fi ed%g%;ﬁ%t ofnstp%? T Z{tflrel%sn%ﬁg%rgﬁae(g) %oslég{] I%Call‘f er %flgr BF¢ g’rﬁai”goef% Qrel%[r%%]% fon
for differegives, eldorns, asenfseand.rodd. AML (acute nyeloid | eukem a): 25

Wy4( CD14), M7, MY9, MOL(CDIIb)). The cellular norphol ogy provides a second
criterion for diagnosis. The diagnosis may be automated with fluoronetric
or spect T opial &1 di€eaSC B AMerppliBibI8 F5rkRecliGn ﬂle%c%maﬂ& i 51? ppehP0dy
spots bound cells, wth conputerized recognition of patterns of "anti gen
expr esdb on ifventigmistdancdr an ampnatsesush aF himanmet Hodtiesn dbdneer "adsnsedeh éd bloaggstosi s

of a wide vari etX.oF egkem’ as, Ia?%ghg f( and ot her 30d nmetastatic cgneers.
Using a cofpiseeBe Hiusdss Benghheids D Sﬁ?e HEPS-CBICORIPS 8PC FYCRATPYEhYE as - |
, I .Y ?0o0iher nsdplAW. INdopBsiaé mag Weasithas malighahySiaipRS TRy caheerdhgeover ed.
I dentification of particular antigens on cancer cells provides essenti al

i nf or mat i oAcYRd?sias FBEHPEAR] BYnhe PETSERY BYGILOR m3ydbepdmplerimonpelonahuintani zed

nonocl onal i FeSim i i oxi.n I

coval ent | ycﬁﬁ*&isggg% g% g%ﬂ@ﬁ%%@%@g?‘éém éﬁ'rcﬁrﬁ%lé%s(fb%o%pr? %ctj‘gfdgn grf than
chenot béer apye asoghiastic cellliiypt)arcapipoand (isei zeaguedtof nedragsa dhd @edpdasgic @ell lypef
drug-resistant cells is nonitored in, pati (reFlt]tS usi ng, periodic cell sanples.

P
O her ar r a§d 25rvefdTq5R Floxsthan 8s g0 fayFDa ftXagRlcs ob XigiRls sangers nermpastedt i ¢
col on, Dbreggine pkBscABIRBRAITR iRiTudd fffor€ BN FRER M Bribfh (gﬁgj.‘%uﬁl&s%ﬁc&?rhecz‘{\% y
| ow | evel s of metastatic cells in body fluids {e. g. bllood or cerebrospinal
fluid) in psueeendethglialtishuer wog cehimrmusclmastls) andoumons! af epishadial eligik. f or

or ovi ng. caRREF U i conBRAREIEY the Bie-ShiBR R il R ets PLLB RS, ol so ©

be cregs edfimidksiicafa amlkRRLYmar E@ﬁlgbé/sa%cﬂrﬁﬂ%fﬂﬁu&gh& ROEESR, Whar&ecor respond
to, for exanple, acute nyeloid |leukema (AM.) in"the formof a character,

say, "M fearcinping, ¢odork eancer, saWec saneer amd @ badyy af skay cowaisd Evguenaat i bodi es
for acute | ocytic | eukem a L), ar,ranged .in an "L". ln this , La
single ar r%%gg'gﬁrﬁ% tbf G%Ilcgsﬁf’?tgr@g’ﬁak‘i a@hg]fipé‘%ﬁgfs‘%c%%ﬁn%%mt ﬁra?trfoéx\lﬁﬁtegf
surface anf ORIL, ©4R6:A8 MyRbid Leuldhiif EARNIL2A B MRISModd2 i MBIlem$d; 26 0f the

anti body dots and arrays of dots would enable several different tests to be
per f or med Aeoute homphoeytisdepkemmi ARdu A cvteghivilireeticl yeukerdiangmeglt Aeuteost  of

ach ot obtpRsT L bl bl Reb Bl RERREE, A48 AgRARe G ©

non- neopl astic disorders of the inmune systemresult in abnorna

popul ations of circulating | ynphocytes. Autoinrnune di seases such as Type 1
di abetes, multiple sclerosis, nyasthenia grouts, pernicious anaem a,
psoriasis, rheumatoid arthritis, sclerodernma and system c | upus
erythematosi s are caused by sub-sets of T cells which nmay express CD4) and
production of antibodi es agai nst auto-antigens by sub-sets of B cells which

o NN NN AN o o S - .



15 The Human | mmunodeficiency Virus (HV) infects mainly CD4+ Iygrphgwtfs
because the gp 120 protein of HV binds to CD4. In the course of =~ A 003
devel opnment of AIDS, there is irreversible depletion of CD4+ | ynphocytes.
However, many other cell types are infected by H V including macrophages, B
| ynphocytes and mcroglial cells. Currently, the 20 popul ati on of CD4

| ynphocytes is nonitored in patients with H'V, but immunophenotyping should
be nore extensive as recomended by the Centre for D sease Control (CDC,
Atlanta, USA). The follow ng double |abelling tests are done by flow
cytonetry: negative controls, CD45/CD 14,21€D31CD4) CD31CD8, CD3/CD 19,

CD3/ CD 16, CD3/CD56 and CD4/CD8 . This | abour-intensive procedure is

repl aced by eak&hingCELS CaRNRY cOri¢l BemM@nid) RALaNoA iy .i bodi es
agai nst these CD gnti gens anﬁ%‘g l?i onal antigens Miﬁg%ﬁl?@g}%r

defi ne t he Adlkh-AvatesPromyglopytia leabkempinptnddy€bs Hainp §iellgatuikemias are i nf ect ed
with HYV, there is a rapid decline in CD4+ | ynphocytes to a m niml value
at approximately 6 weeks followed by a partial recovery in their |evels by
12 weeks. Refetdice kongasrniagr eandithariacibSesahdprRedRs shar d8eLABSf bhrichat tell

| ynphocytes | eading to death after approximately 11 years (Shinton) |998).
30 Tr ea%/ nmePeL Wt ANtiZFRfoiRelindage ( my Pxamplguresepterst joarrhppngls, |oglcel dnteianti@dd +

| ynphocyt es; o=~ ~Y 2 -.60 effect. of chenot hera n.vari ous
sub-sets o@ Dleyrﬁrgffosé%ﬂa]elé’%iHsmkr:rcégﬁsggﬁéjd bvz\‘??dhonastr%atelas%'f a|9b‘5'(5'a)7 Slﬁrcﬂ)'f’ g}ﬁfegl' PEw t he
clinical peggeessi ostafantilly patthe posulatioNofROBBERNOTYRaRgci 6f @k presesef ul for
bone marrow and organ transplantation for S determ nation of the degree of
i mrunosuppPEE¥iogs Bsdule fsramrle; BrBoris e patients afiern ehemial ppirawpno hetapane
and Martinj) AW LV f antation for
tissue typ?rnsgke%gﬁ%gfoﬁ%g%{gﬁ%tr}llg aﬁtﬁnb%égggd?%ﬁ%é? gé?&ﬁi(krpgo Eg’#] P&?ti es, or
cr oss- iat cindivglualfoRefeaace td det¢rmamap hdmbeohlt cemligsn irkhidaslub@dfdoy, detecting

adm ni stration of cyclosporin to the patient. Treatnment at the tine of
transpl antaéltiagﬂoﬁ“ba&cg%“d?‘%é"l evel of peripheral blood | ynmphocytes to 10

al nost zero. The di sappearance of T cells fromthe blood is nonitored by
flow cytonmetry for CD3+ cells. Followi ng transplantation, an increase in
CD8+ cel | dngirglatpdenphedsnast.ahe pjesent iiwrentenisidieried $@ gn jassaCoBviee eoruipi@ing 6n + |

CD56 + an + | s . i i iral inf.ection. Thi survei |l |l ance
of the i rr?%{ﬁ%g Oﬁyg(jt?%cug% %%hﬁgel réﬁéﬁ‘ﬁ%ﬁ‘% %‘atl{'f ey G e SeRHe "roziﬁ'i’}fﬁ?}"’fnd

ext enslisvelcgntusli, ixgcapablenf inpostyioarwiayits rkspebavEbiaaing Parfat hemively RCLi ve

hi gh- dose chenpot herapy and then require a bone marrow transplant to repl ace
their depl°B¢BYal GFRRABE disRlpy Hbrapyar ¢viroapeniat wmphaphetgin the Palenall) es

haemat opoi;gtiacti j | 1o - 0f: wg@]} meti mes
appear, such aS(SII'CEJDI(;%}}&%IIj ‘:’:‘gH%E“%%%%drj?’Eﬁ’?ﬁ?ﬂgz% tnr%g%:téilgé{g&an %eylg rSencd,

gr af t - ver $yps-andér agioyataefa paptycudar dindingpaneh i2@igsamplat s gi vi ng an i ncrease
in CD8 + cells in both cases and on el evation of Natural Killer cells.

Repl acenent of flow cytonetry with an anti body array for CD antigens

si npl i2bi e\ tdrmemim@Nsdngyle NihcRtiePAtHeRtiES 1iBRGY PidAVIsGESbrAB 6f SXLHRNAS Mbfecules,
information. Antibody arrays for CD antigens are also useful for nonitoring
changes i Riglqgigholaciles gp polesules pragdusadgisagsombinaterialimesns.hdhephemioali nsect

Consho < UEEPETEY oD InONPHTPe i i e R i BB gue

Syndr ore  okemibd ibrargninchales gilibedry @b nararably ot Sing ontsieGiledTor wathfal produédal
infection with activated CD8 + | ynphocytes. A detailed anal ysis of

| ynphocyt &€UB¥%sets by the antibody array of the present invention

est abbishes new diagnostic criteria and provides 30 fundamental information
on this disorder. a. :; ~"? ,~"1 ? U3 - 61 EXAMPLE 9 ANTI BODY ARRAY TO
DI AGNCSE BBEUKEWT ditheBtaCORRpl CEMcdesd banhel krem an audtiQagr aiBorcetresttiyimphoma ar e
di stingui shabl e usin n arr of antibodi es against CD3, 4, 8, 14, 19 and
56 bound F‘b‘”ré’“fﬁeﬁtr%s‘gﬁls@ S§V‘P§é Oﬁfhaa?ffs‘fllcﬁwg%rﬁ?’ﬂﬁa’&} FUY- Asperdinglndnt ol | ows
(where "+gpyifdi Balel sereEYh Rahd ' ~-+++ CD8
++ CD 14 ?nuurlbgh%%{aggﬂ%p@%/%ltu%s %%ggﬂ{]g}'ls' r| S aﬁ%?r%%r@g%sga%f ""whol e bl ood
and peri pbenglle, s pbarmagepleaay tdegpnoshicl agspeot Is akb metledds|samplet budti dsfseit ent

sub- popul ations of cells on sone of the spots. Sub-popul ations of cells are
20 det®ct FACHARhYT XMHBH ©EAHAFHATIAY f ol | owi ng CD anti gens: CD2, 7, 3,
4, 5, 8, 9, 10, 11 b, 11 c, 13, 14, 15, 16, 19, 20, 2 | , 22, 23, 24, 25,
33, 34, 36, 3 7, 38, 41, 42, 45, 56, 57, 95, 122. 25 Large arrays are set
up with these anti bodies to investigate the binding properties of |eukem a
cells taken frompatients. A particular focus is upon patients with AM,
CLL and ALL but the present invention covers any cancer. By using this
approach, the antibody array is capable of defining new sub-sets of

e o . o - o - o . o o



human CCRF-CEM T-cell |eukem a and Raji B-cell |ynphoma cell |igpes t,([.{l;»agpl@s ‘
1 & 2). A 15 conparison of dry arrays stored with desiccant at €t "o
tenperature (22 C) or 37 Cfor 1 nonth showed little or no deterioration

at 4 C, mninmal deterioration at roomtenperature and only partial |oss of

bi nding activity at 37C when tested wth normal PBLs (Table 3). Shaded

anti bodi es continued to show strong binding activity even after 1 nonth at ,
37 C. The stability of the arrays is further enhanced by adding protein |
stabilizing agents to the 20 anti bodi es (g&.g. pol yethyl ene glycol or
stabilizer products comercially available from Surnodics) M\, USA). Nor nal

| eukocytes or | eukema cells are prepared by Hi stopaque centrifugati on and
are washed and resuspended to 10" cells/L in phosphate-buffered saline

(PBS). The use of PBS 25 results in cells which are netabolically depleted
and resul t sAi ‘phagedlispay Iftoarys prewsefliic ith Aodadeso srmse Widhiicindest twoliroutrephagt i body
arrays. The cell suspensions are applied to, the array and incubated at room
Lenper at ur oPYBFES BE-Oner 2By EteFO e ey Y e RS P @r BB CB IR Pleeand
t hen washedcoat.tGeneRlly, fober kasmghige pridicad srRYpaiclp Hepaw F@lggébtﬁl&d)rt he |
digital imges are matched to consensus patterns for nornma Ls or r

| eukeni as.5 Bokiklusehte o0t pote3n Ok fasiienal pordian Biscsadr SisBhasE RALSHStase t he
nitrocel | ul ShiE RSntal Syt AHE BmbBbliiPd B T haoe pir 2
backgr ound. rg‘I%ﬁgc}]tusti onmoft tlﬁg&cﬁel a%) i r%gdl gqggﬁlt%;l?qvmlﬁ%ﬁﬁga%enp atrﬁcelg%%%p P(S)(%sacel I
suspensi on Eiptidd.frotypaptide argdetcmsorbitcdogt capalele bof hididing tovian rompbil ized miodacinkeg

w th specifjc antibody binding. AML mle. 1 s faund,to, bi very. F
strongly 1 o BB pEORee o IRes o Wpo Ry utd s WAL QDB BBl g,
This is ovenaerial ehyodiigetht peptkiat polppaftide bepoedih Hokkddmnli@1ddest/ Yhibeod 5

i nacti vated hunman AB sergm T& further reduce bhe probl em of background

bi ndi ng, PraTfIfArBANGUbREBaN der BelatngsRatits ROSRERE S HE BERIPHRF CApES ty of
| eukocyt es eR¥mpieNinfthéticd @aPbO1sBiafd BAMNGESAnRI03B8Y KihdiRY cirRGkidgs t he Mac-1
adhesi on nol ecul e expressed on many activated | eukocytes: heparin, high

nmol ecul ar wei ght ki ni nogen, Mcinycin, pentoxifylline, benzydam ne
(Tantum, Iy i i bR : i Fe . J I

Gar k- 1 61 o ' o BrSuA Gl bf D SmpPISE! mBlcL{ER A AUbEH Biee 10 FE, and
gr ?ups of @ piafxrémapolqmisihtoe ppiteinwne phageidisplay osother wtye:p'ebimwpdbmﬁxpib&)fiy,_ |
sof t war e. nsity ' | ot i romthe digita
i mages usll5 nge nc%%%ﬁ@é&re’ Q@P P‘%@?g OgE }Ortééggél%)gn&ts gﬁlggﬁf‘g?ﬁg#g?@i% agtrasfalnuori metric
scanni ng. htrévatoe wik BelympbocyteS ob asianl amagdnise. $imilasly athe imtabihieet byolddudex may

488- conj ugated anti. - | eukocyte co n_.antigen d obseryed b

{1 vor escentb AEeds oy DE SR criEbTapr g “ERtedHm RIS S COUEE ¢ hus
used for fwehtigrwhedewhich icapiile oabmdinBas aCreErsH satibaly fCOE 15gahe washid Be

i ndi vi dual antj body dots. H.stochem cal stains el gper oxi dase) is

Hi (e g.
used on t ha celiqae Huaeast of @ﬁéﬁaﬁe&ysn_fftﬁ teegierant At I“BB%_{R/ PR F8HP8F sone
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TABLE LEGENDS Table 1: Stability of antibody array for binding &f 3QCRF-;
cells Antibody arrays were dried at roomtenperature, blocked, washed in
water, dried then stored 5 at 4C, wapped in cling-wap in an air-tight

pl astic bag. Results were recorded as - (no binding), + /- (a fewcells), +
(weak positive), + + (strong positive), + + + (cells entirely cover

anti body dot), + + + + (thick coverage of antibody dot). Table 2: Stability
of antibody array for binding of Raji cells 10 Experinmental procedure as
for Table | . (b/g results obscured by background binding of cells to
nitrocellul ose). Table 3: Binding patterng3for PBLs on arrays stored at 4C
22C and 37C. PBL (RIC2) stored in liquid nitrogen were reconstituted and

bound to thg,ahéayse bilcERichPorcstr@drtoR@mBRTA BNt BB AR oF@riévidh fhBe
est abl i shed procedure. Shaded CD markers indicate strong binding after
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(PBL1, 2, 3ystomr Sushdirgrdess acluggaupimmpne disgase imgludppeTypededidhatess muiipleas
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Array Resuldrst+ poCDH5esT 1gmghdayezand PBikrasdinf ©OD8 +WeDH 7 @rigmphédytessaepl es.
Anti body array procedures were as for Table 3, except no hunman serum or
EDTA was adBriacteniiedn PAUFRIS Math Sy stemig JIPHAryihematp§isd out on cells with 10%

human AB serum Shaded areas highlight the differences between the two
nmet hods. 2 ;0 M:'f Q03 vuwuuuUuUwOenc ~~ ~ ca>, b0 .ny

ca 4r O .! OthefBon-neoplastg8digorier®inchyde-congenital immunedefjcienejin children resulting

++++4~- | HFAvEHE W AW+ 3+H4++ENL '+ At A - M ++~+, , ++
+ULA~sC~ | mMeFuq?rit l?fcgtéqrfs. gmél'nopl)_cg)c()typmg by flow cytometry is used to detect

15 deficiencies in lymphocyte sub-sets. Severe Combined Immunodeficiency Syndrome
(SCIDS) is caused by a deficiency in the enzyme, adenosine deaminase, with very low
levels of peripheral blood lymphocytes, such as T (CD3) and B (CD19) and Natural Killer
(CD16) cells. A deficiency of purine nucleoside phosphorylase results in a deficiency of B
cells. The antibody array of the present invention provides definitive information on the

20 sub-sets of lymphocytes which are deficient. This facilitates diagnosis of the condition.

The present antibody array is also useful in screening for infection by pathogenic agents
such as viruses, bacteria and parasites including malarial parasites. For example, the
Human Immunodeficiency Virus (HIV) infects mainly CD4 + lymphocytes because the
25  gpl20 protein of HIV binds to CD4. In the course of development of AIDS, there is a
depletion of CD4 + lymphocytes. However, many other cell types are infected by HIV
including macrophages, B lymphocytes and microglial cells. Currently, the population of
CD4 lymphocytes is monitored in patients with HIV, but immunophenotyping should be
more extensive as recommended by the Centre for Disease Control (CDC, Atlanta, USA).

30  The following double labelling tests are presently done by flow cytometry: negative
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with zidovudine (AZT) induces a transient increase in CD4 + lymphocytes; the effects of
10  chemotherapy on various sub-sets of lymphocytes are proposed, in accordance with the
present invention, to be determined with an antibody array to monitor the clinical

progression of HIV patients.

Immunophenotyping is also useful for bone marrow and organ transplantation for

15 determination of the degree of immunosuppression and complications such as rejection or
infection. Flow cytometry is used before transplantation for tissue typing using
monoclonal antibodies to detect HLA-antigens, or for cross-matching. Tolerance to
transplanted tissues is induced by administration of cyclosporin to the patient. Treatment
at the time of transplantation forces the level of peripheral blood lymphocytes to almost

20  zero. The disappearance of T cells from the blood is monitored by flow cytometry for
CD3+ cells. Following transplantation, an increase in CD8+ cells signals possible
rejection. Increases in CD8+ and CD16+, CD56+ and/or CD57 + cells may indicate
viral infection. This surveillance of the immune state of the transplant patient is proposed
to be done more rapidly and extensively using an antibody array of the present invention.

25
Some cancer patients receive high-dose chemotherapy and then require a bone marrow
transplant to regenerate their depleted immune system. The transplanted marrow then
induces haematopoietic reconstitution but unusual sub-sets of lymphocytes sometimes
appear, such as CD5+ T cells. Opportunistic infections and graft-versus-host disease may

30  occur in such patients resulting in an increase in CD8 + cells in both cases and an
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neoplastic disorder in an animal such as a human, said assay device comprising an array of
molecules immobilized to a solid support wherein each molecule of the array, with the
exception of a negative control, is capable of interaction with a respective binding partner

20 if present in a biological sample from said animal wherein the pattern of interaction
between the immobilized molecules and their respective binding partners is indicative of
the presence of a non-neoplastic disorder or a propensity to develop a non-neoplastic

disorder.

25 Ina related embodiment, there is provided an assay device for the detection of a cell type
or microbial or viral agent or a pathogen, said assay device comprising an array of
molecules immobilized to a solid support wherein each molecule of the array, with the
exception of a negative control, 1s capable of interaction with a respective binding partner
if present on said cell type, microbial, viral or parasitic agent or pathogen wherein the

30 pattern of interaction between the immaobilized molecules and their respective binding
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partners is indicative of the presence of said cell type, microbial, viral or parasitic agent or

pathogen.

In a further embodiment, the sample screened is a chemical library, phage display library
5 or environmental sample. The pattern of interaction provides the presence, type and/or
amount of binding partner. This aspect of the present invention 1s particnlarly useful for
screening for environmental contaminants or screening a chemical or biological library of
molecules for a molecule with a particular affinity, binding profile, immunological profile
and/or concentration. A chemical or biological library includes a phage display library or

10 other form of library. A chemical library may be synthetic or naturally occurring.

The expression "pattern of interaction” is used in its broadest context to include: the
presence or absence of interaction relative to background interaction; the relative density
of interaction such as the relative density of cells bound to a discrete spot on .the array

15 relative to background; the pattern of morphology of cells which are bound to a discrete
spot on the array; the presence or absence of internal molecules in cells lysed 'on a discrete
spot on the array; the relative number of cells or antigens on the array; the differential
expression of particular antigens, and the number of antigens per cell. Any or all of the
above criteria may be used to assess the interaction between an immobilized molecule and

20 its binding partner. The pattern of expression may also be subject to quantitation.

The solid support is typically glass or a polymer, such as but not limited to cellulose,
ceramic material, nitrocellulose, polyacrylamide, nylon, polystyrene and its derivatives,
polyvinylidene difluoride (PVDF), methacrylate and its derivatives, polyvinyl chloride or
25 polypropylene. Nitrocellulose is particularly useful and preferred in accordance with the
present invention. A solid support may also be a hybrid such as a nitrocellulose film
supported on a glass or polymer matrix. Reference to a “hybrid” includes reference to a
layered arrangement of two or more glass or polymer surfaces listed above The solid
support may be in the form of a membrane or tubes, beads, discs or microplates, or any

30 other surface suitable for conducting an assay. Binding processes to immobilize the
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molecules are well-known 1n the art and generally consist of covalently binding (e.g. cross

linking) or physically adsorbing the molecules to the solid substrate.

The molecule immobilized to the solid support of the present invention is referred to
5 herein as "P". Molecule P is generally selected from a binding group designated "x". A

number, n, of P molecules may be selected from each binding group or one P molecule
may be selected from each binding group. P molecules may be arranged in any geometric
form on the solid support such as a spot, dot, or group of dots or spots or in a spread or
layered format. Generally, the spot or dot format is preferred. The binding groups are

10  selected on the basis of the normal condition or disease condition or disorder being
diagnosed or the binding partner sought to be detected or quantitated. In the case of
cancer, for example, a particular cancer or the development of cancer in general may be
determined on the basis of the expression of certain cell-surface ligands (and more
particularly antigens) or the release of soluble ligands (e.g. soluble antigens). The P

15 molecules are then selected as binding partners to the cell surface or soluble ligands. The
pattern of interaction between the P molecules and their respective binding partners is
indicative of the development of, or a propensity to develop, cancer or other disease
conditions or disorders. In the case of detecting a microbial, viral or parasitic agent or a
pathogen, the P molecules are generally selected as binding partners to cell surface

20 molecules such as sugars, proteins, lipoproteins, flagella, pilli, receptors or cell wall
components. In the case of a chemical library, phage display library or environmental
sample, the P molecules are generally, but not necessarily, selected on the basis of a
presumed structure or affinity in the sample. In the case of a phage display library, for
example, the assay looks for a peptide, polypeptide or protein on the phage which binds to

25  an immobilized molecule thereby becoming an affinity mimetic. Such molecules then

become candidates for further analogues as potential protein mimetics.

The array may also comprise a positive and/or negative control to assist in maintaining
quality control of the assay procedure. A positive control, for example, may be a P

30 molecule capable of interaction with a binding partner known to be present in the
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biological or chemical sample.

Another aspect of the present invention is directed to an array of molecules immobilized

on a solid support said array defined by the formula:
ny Ny n
™ [ o]
c

wherein
P is a member of a binding group capable of interacting with a binding partner;
10 mn....... n: represent different members of the binding group;
X1 X2 .oonen. x; represent different binding groups;
b, ¢ and d represent the number of different members of the binding groups xi x2
..... xj; respectively and wherein b, ¢ and d may be the same or different and each
is from about 0 to about 100 provided that at least one of ¢, f and g is not 0;
15 z is the total number of groups of molecules on the array and is from about 2 to
about 2000;
wherein the pattern of interaction between the immobilized molecules and their respective
binding partners is indicative of a normal condition or disease condition or disorder or a
propensity to develop said disease condition or disorder or the presence, type and/or
20  amount of a binding partner.

Preferably, the disease condition or disorder is cancer.

Preferably, the molecules on the array are arranged in discrete spots. z is the number of
discrete spots of different types of molecules. Conveniently, the spots are arranged in
25  duplicate, hence, the total number of spots on the array is 2z.

The representation "...... " means optionally further members in the group between, for

example, [PX2]“ and [Px J]:' The representation of the array by formula is not to im.ply

any limitation as to shape or sequence of the array.
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In a particularly preferred embodiment, the P molecules are immunoglobulins and their
binding partners are antigens. However, the present invention extends to other classes of
P molecules such as but not limited to receptors, ligands for receptors, T cell derived
antigen-binding molecules (TABM) or other molecules having affinity for certain ligands
such as lectins, nucleic acid binding proteins amongst others. Most preferably, the P
molecule is an immunoglobulin capable of interaction with an antigen present, for
example, on the surface of a normal cell or cancer cell or a soluble antigen released by a
normal cell or cancer cell or present in a chemical library, phase display library or

environmental sample.

In a particularly preferred embodiment, the array of P molecules and more particularly
immunoglobulin molecules is selected on the basis of antigens likely to be expressed
during a disease condition or disorder such as cancer or an antigen generally present on a
normal cell or an antigen present on a microbial, viral or parasitic agent or pathogen. The
“antigen” may also be part of a chemical library, phage display library or in an
environmental sample. The term "antigen” is used in its broadest sense and includes
plasma membrane associated proteins with extracellular domains, proteins associated with
ion channels, as well as receptors, carbohydrate moieties and the like. The pattern of
binding of immunoglobulin molecules to target antigens then assists in the diagnosis of the
disease condition or the determination of a normal condition. The array would most

preferably further comprise an internal positive and negative control.

Accordingly, another aspect of the present invention contemplates an assay device for
cancer said device comprising an array of immunoglobulin molecules or functional
derivatives or equivalents thereof immobilized to discrete regions of the solid support such
that different discrete regions have specificity for different antigens and wherein the
antigens are expressed on the surface of normal cells or cancer cells or are released by
normal cells or cancer cells wherein the binding pattern of the immobilized

immunoglobulins to their respective antigens 1s indicative of the presence of cancer or a

|

|
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propensity to develop cancer or the presence of a normal condition.

In a related embodiment, there is provided an assay device for a non-neoplastic disorder
said device comprising an array of immunoglobulin molecules or functional derivatives or
5  equivalents thereof immobilized to discrete regions of the solid support such that different
discrete regions have specificity for different antigens and wherein the antigens are
expressed on the surface of non-neoplastic cells or are released by non-neoplastic cells
wherein the binding pattern of the immobilized immunoglobulins to their respective
antigens is indicative of the presence of a non-neoplastic disorder or a propensity to

10  develop a non-neoplastic disorder.

In a further related embodiment, there is provided an assay device for a microbial, viral,
parasitic or other pathogenic agent said device comprising an array of immunoglobulin
molecules or functional derivatives or equivalents thereof immobilized to discrete regions

15  of the solid support such that different discrete regions have specificity for different
antigens and wherein the antigens are expressed on the surface of said microbial, viral or
parasitic agent or pathogen or are released by same and the pattern of binding of the
antigens to the immobilized immunoglobulins is indicative of the present or absence of
said microbe, virus, parasite or pathogen.

20
Still a further embodiment of the present invention is directed to an assay device for a
binding partner in a chemical library, phage display library or environmental sample said
device comprising an array of immunoglobulin molecules or functional derivatives or
equivalents thereof immobilized to discrete regions of the solid support such that different

25  discrete regions have specificity for different antigens wherein the pattern of binding of the
antigens to the immobilized immunoglobulins is indicative of the presence, type and/or

amount of said binding partner.

Generally, a range of immunoglobulins is selected on the basis of antigens expressed on

30 normal cells, cancer cells, potential cancer cells, microbes, viruses, parasites or other
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pathogens, cells infected or affected by a pathogen, or antigens sought in a chemical
library, phage display library or environmental sample. Each group of immunoglobulins
specific for a different antigen is defined by x1 x2 .... x,. In one embodiment, a sample
would contain a mixed population of cells and the immunoglobulin molecules on the array
are designed to selectively bind to antigens on particular cell types. In another
embodiment, the sample is a mixture of chemical molecules including synthetic
compounds (e.g. alkanes, alkenes, aromatics, polymers, cyclic molecules),
oligosaccharides, proteins, lipids, lipoproteins and carbohydrates. The immunoglobulins
may also be directed to different epitopes on the same antigen. A discrete antibody spot
may comprise immunoglobulins with a single epitope specificity or the mmmunoglobulins
may be a heterogeneous group to multiple epitopes on the one antigen. A discrete antibody
spot may also contain multiple antibodies to different antigens but all expressed, for

exarmple, on a particular cell. This is useful if the capture of the cell is imported for

subsequent analysis.

Within each of groups x1 x2 .......... X, a number of immunoglobulin sub-groups may
exist specific for different parts of the same antigen defined by the groups x1 xz2 ...... X).
These sub-groups are defined by mna ............ ..

Accordingly, another aspect of the present invention is directed to an array of
immunoglobulins or derivatives or chemical equivalents thereof specific for antigens
expressed on normal cells or cancer cells or released by normal cells or cancer cells or
expressed on microbes, viruses, parasites or pathogens or antigens putatively present in a
chemical library, phage display library or environmental sample wherein each group of
immunoglobulins specific for each antigen or part thereof occupies a discrete region of a

solid support, said array defined by the formula:
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assay dévi ce corpicTebehg/ BICIPREATIIGST O PEROBANG 108 RBUSEDP BUBHVElE Prassntiier ei n each
mol ecul e in the Aehith lilWa{)ﬂ p:h?ée @g@%@@%@{} oorfen@g{)‘r‘ﬁ%&kl"s%m@rem rol ) 1s

capabl e of interaction w e binding partnér’putatively in a
bi ol ogi cal sanplm it oM .anmarpreadnt neribars fPIRCia@R iGimloglobuldl gfRipnwhibk bind
pattern of interaction between the nolecules and the binding partners is
i ndi cative of a 'fdiffeagnt Paridirt ih6§am¢ 2BtigdPsease condition or disorder or a

10 to different antigens.
e, fand g represent the number of different immunoglobulins within each of groups
0o0....... ox, respectively and wherein e, f and g may be the same or different
and each is from 0 to 100;
y is the total number of groups of immunoglobulins on the array and is from about
15 2 to about 2000;
wherein the pattern of interaction between the immobilized immunoglobulins and their
respective antigens is indicative of a normal condition or the development of cancer or a
propensity to develop cancer or the presence of a microbe, virus, parasite or pathogen or
the presence, type and/or amount of a binding partner in said chemical or environmental

20  sample.

As stated above, the array may also contain a positive and/or negative control. Generally,
the immunoglobulins are arranged in discrete spots where y is the total number of discrete
spots of different types of immunoglobulins. Preferably, the spots are arranged in

25  duplicate. The representation "...... " 1s as hereinbefore defined.

In a particularly preferred embodiment, the immunoglobulins interact with cluster of
differentiation or cluster designation (CD) antigens or myeloid (MY) or lymphoid (LY)
antigens expressed on leukemic cells. Cancer or a propensity to develop cancer is detected

30 by an increase in the population or proportion of cells carrying particular antigens.



2. An assay device conprising an array of non-nucleic acid nnlegﬁhe "ol [
wherein each nolecule in the array, with the exception of a neg AY 2003
control, is capable of interaction with its respective binding partner
putatively in a chemcal l|ibrary, phage display library or environnental
sanpl e wherein the pattern of interaction between the nol ecul es and the

bi nding partners is indicative of the presence, type andlor anount of a
particul ar binding partner in said sanple. 3. An assay device according to
claiml wherein the biological sanple is froma human or non-human ani nmal

4. An assay device according to any one-8f- clains | to 3 wherein the array

conprises the fornmula: (PxiJ bt (Px2J nz wherein .... . ( p~~a ZPis a
menber of a binding group capable of nteractLng with a binding partner, m |
nz .. .. n. represent different nmenbers of the binding group; 2 ~ Pr;"~

Q003 - ~s Aecordingly, anathenaspacepf ibs emsemiiifnieatiemtorhiampliawg agmsuapsievioe far and d _
represent the nu r.of different nenpers of th d|n roups X~ Xz .. |

x,; respectdVel§ a‘ﬁa icrampyIRng an array, gF ygunpglob Hé“ d’? fapdticgflent and

each is fr@éﬂ\@ﬁ%étorQqﬁnQal&Q@Weré@@@nﬁb@Mk&?% dif@kie 3LgibRASH th@ 8P fup Port%ua{ d
is not O; z is the total nunber of groups of nolecules on the array and is

f r om alfout that dlﬁ‘embbtilscr@@mp@lsmvamf cigordiffaroocldsingdesignatian antigenker ei n

t he disease ondi IS cancer ass d vice a t di ng

o ol ar m i Ry deif ndar BB ks Rl chtetiRang Rlat et GR8ig 1

envi r onmengagteriSeiTRe¢ BnfbbilifedampambiidBulid@b YRGPlek PRt 3¢ amtigRheisindliBativeSrase ,

display library. 7. An assay device according to claim4 wherein the array

conpr i ses fraseneroefi coneslrion 8 prepeasiydpsiceelppginsps of the solid support and the -
"binding partners are antigens expressed on the surface of a normal or

cancer cell or are released by a normal or cancer cell or are present on a [
i crob® \Brefesably)aliciSirintnoglobalitiede RRIDEGEN aBiibddsescbue h&rﬁregﬂm imveiignhem cal
library or in an environnental sanple or is a peptid pol ypeptide or

prot ei n i FxXEnphiegehrians| wlbpﬂls%arr%fmgsn bindingspagty (aévfeféfrag@éma grivasivep.aun 7

wher ei n t R Ridedys &%fo?%%ﬁhér@@f afs%nasafum&?er nfbrid ARbbafe syntheric [90kI~ g ¥

wherein q 1s an 1 nmunoglobul mspecific for an antigen expr%%se on a nor nal

cell or cannbmmsehhﬂmmﬁmmmtgﬁﬁwd@$eased by a normal cell or cancer cell or

an antigen present ona ~~" ryY ~u~3 79 mcrobe, virus, parasite or _

ot her pathogen or is a chemcal ma chem cal library or in an environnental

sanpl gsor siif aaotaapztspa@ of prelpreentihektioh pRivideRian arRydf RhafigosbBRImYr! | brary;

m- ne represent menbers of the sanme inmunogl obulin group

whi ch bi ndenyptiyes @reqbémcab@ﬁw‘sm@fs thersoSeneeifigien epsigensoexpegssed on non- ok

r epr esent clfl to

di fferent ng tlgsgégéﬁs ') n%p rep e%{talg'? lelt gﬁ{)er cg’fp’y r?‘?gl &nd aﬂsgt ¢

i mmunogl Obd:llSI mspaﬂmogdfnsmr@aorlrrueefs vgremlpsaah~gr0up of immunogibplinegpeiticifoetachand

wherein e, sajre or diffe eﬁ% and each is fromO to 100
provi ded f‘ﬂ‘fa‘-’te”é?f p%éggeo ﬁﬁc"(?fcsé‘ ﬁcreaﬁﬁegéo”i %frah id gupporf, sajdArayfefined, hber of

gr oupso of HerrgumAg! obulins on the array and is fromabout 2 to about 2000.

9. An assay device according to claim8 wherein the i nmunogl obulins are

nonocl onal antibodi es. 10. An assay device according to claim8 or 9

wherein the i munogl obul i ns are specific for cluster of differentiation

(CD) antigens and/or nyel gi qm% ant,gpns a rmliymphoi d (LY) antigens

expressed on | euken c ceIIs qol ﬁ say de ngﬁ agcording to claim1l

wherei n the di sease condit]i on ‘o di sbrfder is a nan{neopl astic disorder. 12.

An assay device according to claim 11l wherein the di%sease or condition is a
nonneopl asti ¢ di sorder of the i mune system 13. An assay device according

to claim1l or 12 wherein the disease or condition is selected from an

aut onmme wheemse such as Type 1 diabetes, multiple sclerosis, nyasthenia

gravi s, pernicious anaem a, 0 SIS rheunat0|d arthritis, scleroderma
and s%%tenlc | U§AE ! %WVWH@H@#E@W ﬁ?é@i?ﬁﬁeby a pat hogen such as a vn-us
i neluding H V-by mhepat! b I%Faégénvﬁlem%a%tm& SR imth i 510bIRR QRS ARG Biha @

m croorganismor a nalarial parasite, congenit ;

unnmodef i c~enoyiffacyvenaeof dacimomtigesh] ormg bone marrow or tissue
transplantation or chronic fatigue syndrong. 14. An assay_according to any
one of clauns % %o 13 %ﬁEW@?ﬁt?%‘ g@@ﬂ?%%mFﬁWﬁB#ﬁWE%%dﬁﬂwgﬁ%sE%??@
support are in an arrangenent in the array such that upon interaction

bet ween the nol ecul es and the binding partners) a differential pattern of
density provides an identifiable signal.



15. A nethod for deternining the presence of a disease condition 9ry may 5 r
di sorder or a propensity to devel op a disease condition or disorder gﬁch-@@ ’
but not limted to cancer or a non-neoplastic disorder in an aninal, avian
species or plant) said nethod conprising obtaining a biological sanple from -
said animal, avian species or plant conprising free binding partners or )
bi ndi ng partners bound to a cell surface associated directly or indirectly

wi th said di sease condition or disorder and contacting said biol ogical ‘
sanple with a solid support conprising an array of non-nucleic acid

nol ecul es capabl e of binding to said bindiqag partners wherein the pattern

of interaction with the binding partners is indicative of the disease
condition or di $pufREeRanfeddlOPENSity to devel op said disease condition or

di sorder. 16. A nethod according to claim 15 wherein the biological sanple

is froma human epf ambg répuresent theinnmber df différenemnounaetatoids mithtroeach aif grabPs f
wherein the array conprises the formula: [Px<] bl [Px2) c2 ...... Pxi ] dz
wherein Pis a ﬁéﬁ’oer"of""éesBF‘HH’ieIYgarg‘rJ el&lépégpcggd%a)ﬁq% O seme Hbdw{r‘?ﬂ“a ’
bi ndi ng par t ner 3,4 ek} Ys ©831 0 &) 100 flévided that at Rast VRRLEE S Andd} {sifeh Nt menbers
of the binding group; x~ x2 ... .., X, represent different binding groups;
b, ¢ and d repr gsetie mhbenohgrenpodf idinfinegbtlimembthesirnly antes bomdibogt Hrooups
X~ X2 ... X~, res eﬁé&yely and wherein b, ¢ and d nay be the sane or
different and edRqpl; 'rom about O to about 100 provided at | east one of b,
c or dis Raferdk the ijaﬁcﬁnhﬁ itteadtion bEREN B H8hRYAS@ imiRheaUhA%s ARd ke array
and is from about to about 2000. 18. A nethod of claim 17 wherein the

di sease comeipedlion aptigeas soindisativesof dhéevelopignt of rpemaebpdastiodabiordgriopacl ai m 17
wherein the di sease condifion Q{h%hgﬁkg%&r%?ﬂ% non. negpl asti ¢ disorger. 20.
A met hod aREBFHINJ0 A5V AT APTBCGRIEHE CISOTaSE OB MEAEE T LB RAFTIBh Lo,
non-nqulagmﬁgugbgmﬁggmnaﬁn@he i mune system 21. An assay devi ce according
to claim20 wherein the disease or condition is selected froman autonm ne
di sease such as Type 1 diabetes, multiple sclerosis, myasthenia gravis,

per ni ci ous - | AS r -1

Cyst e o 1 innarsy p oAk SiniarBRUR! Gilnd Thall b AomB Rl A S iR of

i ncl udi ng Why. 1Fordapmplet whenei thel sntideps drei cell Barfacevantigens, mipnarmaycinepbe S) , a

m croorganismor a malarial parasite congenifal [mmunodeficiengy, adverse
reaction fBfSIEGH pr%SWe‘B?TEF‘PgW ‘gr“lﬁgi @éﬁ%%&f\@‘ﬁ%mﬁ%ﬁ%ﬁm&h%ﬁ cePtsd i gue
syndrop®. Zis nfyMRENRarRBRET fidR8scopicaly2 withl e We bV AtiduR Qaaks, B¥bchRaARAILS €S

i mrunogl obulins™in discrete regions of the solid support and the binding

partners aereimaminolpgirallgxpressed on the surface of a normal or cancer cel

or are released by a normal or cancer cell. 23. A nethod according to claim
22 wherein the array conprises the formul a: ~~'~" " 2003 - 82 nrnzm |
q,.... .aZANeraftb/eBi, thedinirsotakzed immnmgglobulirsracspeeiphire micd¢cudn famnparg@iar

expressed on a nornmal cell or %ancer cell or antigen released by a norma
cel | or caildypesapf thegaprgssion of other anfigenspp} pAPKY OREMSEF cCllsfs 5B same

| mrunogy obythdr it QidRe UHeBBg Phiitfdaled (dbf fisrefenidRbf fadactif@y $ARRe£Nt | gen; O~
0Z ........ ok represent different groups of i'nmunogl obulins defined by
speci fi ci tantibodiek) fof by etiter aorviegiensmegns{ Prefietalgly r therantiberties dre im ineb eoluiidn.

di fferent j.nmunogl obulins within each. of groups of oz, ....... Ok, ..
respecti velif C&H?fg‘?/\ﬁg!éé'iﬂﬁs way f’gﬁrlfﬁ?%r %‘3"%%“&%@5 gra%% cgils disppeadram sl each
is fromO 4@ok00nRERNb AR atteE aShvadit9f cdl sulsp&isids iafe PrRludd fYorh Sotfdne
total nunber of groups of imunogl obulins on tﬁe array and is from about 2
to about 20@OT bippsiesandeheadl Lispsn gretyoeghdiintp Zoniablewish fetifenunoglobulin

i munogl obul i ns are nonocl onal anti bodies. 25. A nethod according to cl ains
23 or 24 vhEYein the i rrununogl obulins are specific for cluster of
differentiation (CD) antigens and/or nyeloid (MY) antigens or |ynphoid (LY)
antigens expressed on | eukemc cells. 26. A nmethod according to any one of
cl ai s 15 Weerzshaieyedfimmebilized dnmpecslotmhiopiy destemed o bind ta Hleg di-& yplblet ar e

m an arrangenent.mthe array such _that .upaon. interaction bet n the

o1 ecul co SHE Lo MG AL S PHETthy B g b RAPeHRR PERLRR G,
provi des an identifiable signal 27 A nmethod of treating cancer or a
propensity to devel op cancer in a human or non ~~Y ~, LO0O3 - 83 hunman
ani mal30 sailit avsayidsuice OhheiPsssarf IR inRreteraily REglid arPPoENiRvENLfa ah planag
human or non- human ani mal and contacting said sanple with an array of

i mmunogl obul i n nol ecul es or functional derivatives or equival ents thereof
i mmobilized to discrete regions of the solid support such that different
di screte regions have specificity for different antigens and wherein the
antigens are expressed on the surface of normal cells or cancer cells or
are rel eased by normal cells or cancer cells, and determ ning the binding

4 a Y o o - Y



30. Use of an array of non-nucleic acid nol ecul es capable of interactjan, 003

with a respective binding partner putatively in a biological or cheni cal ¢

sanple to determ ne the presence of a disease condition or disorder or a

propensity for the devel opnent of a disease condition or disorder or to

detect a mcrobe) virus, parasite or pathogen or to detect a peptide,

pol ypeptide or protein in a phage display library. 31. A nethod for

identifying a protein mmnetic in a chem cal or biological sanple said

met hod conprising contacting said sanple with an array of inmobilized

nol ecul es capabl e of binding to the protesfn for which a mnetic is sought

and identifying the presence of a protein mnetic which binds to an
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is a synthetic or natural chen cal Iiggoraii}; 34. A nethod_according to cI aim
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15 readily available to one skilled in the art. Commonly used enzymes mclude horseradish

peroxidase, glucose oxidase, $-galactosidase and alkaline phosphatase, amongst others.
The substrates to be used with specific enzymes are generally chosen for the production,
upon hydrolysis by the corresponding enzyme, of a detectable colour change. It is also
possible to employ fluorogenic substrates which yield a fluorescent product.
20
Alternatively, fluorescent compounds, such as fluorescein and rhodamine, may be
chemically coupled to immunoglobulins without altering their binding capacity. When
activated by illumination with light of a particular wavelength, the fluorochrome-labelled
immunoglobulin adsorbs the light energy, inducing a state of excitability in the molecule,
25  followed by emission of the light at a characteristic colour visually detectable
microscopically or using other imaging devices such as a confocal microscope or 2
dimensional laser scanner (e.g. FluorImager or Typhoon, Molecular Dynamics, Inc.,

Sunnyvale, USA).

30  The presence of cancer or a propensity to develop cancer or the presence of a non-cancer
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pattern of interaction may also be determined by electrical impulse, electronic emissions

and/or radioactive emissions.

25 In a particularly preferred embodiment, the present invention contemplates a method of
detecting cancer or a propensity to develop cancer in a human or non-human animal, said
method comprising obtaining a biological sample from said human or non-human animal
and contacting said biological sample with an array of immunoglobulins or derivatives or
chemical equivalents thereof specific for antigens expressed on normal cells or cancer cells

30 or released by normal cells or cancer cells wherein each group of immunoglobulins
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15 and each is from 0 to 100 provided that at least one of e, f and g is not 0;

y is the total number of groups of immunoglobulins on the array and 1s from about

2 to about 2000;
wherein the pattern of interaction between the immobilized immunoglobulins and their
respective antigens is indicative of the development of cancer or a propensity to develop

20 cancer.

Yet another aspect of the present invention is directed to the use of an array of molecules
capable of interaction with a respective binding partner putatively in a biological sample to
determine the presence of a disease condition or disorder or a propensity for the

25 development of a disease condition or disorder.

Preferabiy, the molecules are immunoglobulins.
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q is an immunoglobulin specific for an antigen expressed on a normal cell or
cancer cell or tigen released by a normal cell or cancer cell;

mm..... . mu represent members of the same immunoglobulin group which bind
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( ) 10%( §atiym; of tdendty provides an identifiable signal which is indicative of the development of

cancer or a propensity to develop cancer.

Still yet a further aspect of the present invention contemplates an assay device for cancer,

15  said device comprising-an array of immunoglobulin molecules or functional derivatives or
equivalents thereof immobilized to discrete regions of the solid support such that different
discrete regions have speciﬁcify for different cluster of differentiation (CD) antigens
and/or lymphoid (LY) and/or myeloid (MY) antigens expressed on leukemic cells wherein
the molecules are in an arrangement in said array such that upon binding of the

20  immobilized immunoglobulins to their respective antigens a differential pattern of density
provides an identifiable signal which is indicative of the presence of cancer or a propensity

to develop cancer.

Another aspect contemplates a method for determining the presence of a disease condition
25  or disorder or a propensity to develop a disease condition or disorder such as but not
limited to cancer in an animal, avian species or plant, said method comprising obtaining a
biological sample from said animal, avian species or plant comprising free binding
partners or binding partners bound to a cell surface, said binding partners associated
directly or indirectly wiuil said disease condition or disorder and contacting said biological

30  sample with a solid support comprising an array of molecules capable of binding to said



& ()-10% & ()-10% & ()-
- 10%
- 109%
10%(

109k
-:ctb
10%<
-109%
-109%
- 109%
- 109%
-109%

H
= *

09 tX24 109K & ()-10% & ()-10% & (¥-LO% 2003
& ()-10% & ()-10% & ()- dD$10% & ()-10% & ()-10% & ()- 10%
& ()-;cth Y &)-./g+ ctb Y 100k & ()-10% & ()-10% & ()-10%
/0135789hL0; 10% & ()- 109K & ()-10% & ()-10% & () - 109%
109% & ()-9:;<=>?pT80; 10% & ()-10% & ()-109%k & ()- 10%

Uk & ()-?@BCDET80: 10% & ()-:ctb Y 10% & ()-10% & ()- 10%
EFGHI JKLt X<: 109K & ()-10% & ()-10% & ()-109% & ()- 10%
109% & ()- LMNOPQRpTS<; 10% & ()-10% & ()- 109k & ()- 10%
ctb Y RSTUVXYpP4<; 109 & 3-10% & ()-;ctb Y 10% & ()- 10%

Y] bcdgK<: 10% & (10% & ()-109% & ()-10% & ()- 109%

&b%’?m%%‘% FnbePh B2t gty S S 385k i et oo

109% &n(éramiozl{\}mglﬁé Eiftfike SirtnerslOdikfe®n (i)1-phOM of dedsithQfsvidey in 109K
10%( )-10% & ()-pT8<; 10% & él 10% & ()-10% & ()-10% & ()-10%
-;ctb wdsmsfaabi@%n% \’(l)lchlm&d@“(vyo FHIS?an@%a igop Pt digofderoy 3 prgpgRsity
tX< 109 % & 10% & 10% & 10%
_pT8<; 1 és‘%fgt’)551’%@13?%%‘3(%’3’&%&?&2{5%&’?0% &(%) 10% &(%)- cth Y(I)op4<
& (9-10% & ()-;ctb Y 10% & ()-10% & ()-10% & () gK<; 10% & (10%
10% & ()-10% & ()-109% & ()-10% & ()-10% & ( <10% & ()-.10%
10%k &th)a Hgdger BPEFL qéh&prgge(lg mvertqgn‘pogtegp@{qg aymat e;d( r@tmgmcer in a

10% i ;% 0%

10% %ﬁan&ﬁ?nihﬁaniﬁ%al%m?%métﬁg@é%% 13&5%1&914%(/&‘% g(fl% idf] (%rknﬁle(é{s)r%
-; ct b YakDBdma ¢r) ronSiod4ninial (apd rattdrtivg :k@@fasm&pl(e)wmm@xkar&a}( Of 10%<

0 R0 R0 R0 Ro < R0 Ro

() -
() -
10
() -
() -
() -
()

(@R Ve N L L L L L L L N e N e L
N N N N N N N N N N N N N N N N

= R

0

0%

10%(
10%

BBl S estles 55 B el SR ABRE LT YR

gg(){?o Q%(

% 10%

g toci

(%% o?f:ﬁé solﬁtshg}%rﬂ-ﬂxc@i tifst Diffet @iV iiséreto re Qnﬁ(h&ve( ec{ERet %Jf&"/k
- 10% -10% & ()-10% & ()-pP08cl0% & {)- 109%
&lﬁfqrmlm&lg&'ls( :)nd wheipeily ﬂmg@s aye mm@im &e(synfatwto:f nprm@bgells or

0% ALl A BB A 0 R
109 Gaftprn; cftthe YombbiGzlBun8zIohuling tdh¥irkesfectye Intigand thm 109K

100Kk & ()-"#%& () *pT810% 10% & ()-10% & ()-10% & ()-10% & ()- 10%
&ﬂéﬁr%mm&mel)othmpw%mgﬂsli%wmmﬁ ths CARTGRECRARtEeRBOAl hese( ) - 100k

&nfivodi&tde Preferably humanized monoclonal antibodies. A similar method may also

010% & ()-1
109
109K &

10%
1Q%

R0 R0 R0 Ro R0 R0 Ro R0 < R0 RO RO Ro RO RO RO = Ro Ro R0 Ro RO R0 RO RO RO RO RO RO Ro Qo Ro Ro

A/-\AAA/-\A’-\U NN NN AN NN

) -
) -
) -
) -
)
%
)T4801390 Aikréte
) -
) -
) -
) -
) -
) -
) -

be employed to treat non-neoplastic conditions.

The assay device and the methods for conducting the assays of the present invention are

readily adapted for automation. For example, robotic systems may be used to deliver

20  appropriate amounts including nanolitre volumes of immunoglobulins to a solid support
such as a nitrocellulose film or microtitre plate. After appropriate treatment, the
immobilized immunoglobulins may then be used in any assay. Again, this may be
automated or conducted using robotics.

25  The present invention further contemplates the use of an antibody array as herein

described in the manufacture of an assay device for the detection of a disease condition or
a propensity for development of a disease condition or to detect a microbe, virus, parasite
or pathogen or to screen a chemical library, phage display library or environmental
sample.

30
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an antigen using an antibody array which is specific to a diseased cell or Wthh is specifi c

to a diseased condition or which acts as a protein mimetic, preparing an antibody to said

10  antigen or a cytotoxic agent specific to said antigen and then administering said antibody

or cytotoxic agent for a time and under conditions sufficient to effect said treatment.

In one embodiment, the antibody is a humanised form of a non-human-derived antibody.
In another embodiment, the human or humanized antigen is conjugated to a cytotoxic

15 molecule. The present invention extends to pharmaceutical compositions comprising the
antibody, cytotoxic agent or protein mimetic. Such a composition may also contain one or

more pharmaceutically acceptable carriers and/or diluents.

By way of example only, the present invention is now described with reference to one
20  particular embodiment, ie. the use of an array to detect CD antigens. The following
description is in no way intended to limit the instant invention to one particular

embodiment.

The antibody array of this aspect of the present invention enables rapid and simultaneous
25  detection of the expression of CD antigens on the surface of leukocytes isolated from
blood. Antibodies against 51 CD antigens, 4 murine isotype control antibodies (IgGl,
1gG2a, IgG2b, IgM) and antibodies against 7 other surface markers important 1n the
diagnosis of leukemias (Glycophorin A, HLA-DR, KOR-SA3544, FMC7,
immunoglobulin, kappa and lambda) are attached as 5 nL dots to a film of nitrocellulose

30  on microscope slides. Only leukocytes which express particular CD antigens bind to the
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corresponding antibody dot. Particular categories of leukocytes expressing specific sub-
sets of CD antigens are identified by the dot pattern obtain from the binding of cells to the
CD antibody array. Various types of lenkocytes and leukemias are identified with a high
degree of certainty by the pattern of expression of CD antigens, where different sub-sets of
leukocytes express different combinations of approximately 12-20 of the antigens
represented in the array (Figs. 1 and 2). This form of multi-factorial analysis is based
upon pattern recognition for different leukocytes or leukemias. The present invention
permits a large number of antibodies to be used which makes this identification quite

robust with variations of expression tolerated between different samples or individuals.

Mature leukocytes differentiate from stem cells in the bone marrow along particular
lineages to myeloid cells and T- and B-lymphocytes. The expression of CD antigens
changes as precursor cells differentiate from stem cells along the various lineages to
mature sub-populations of leukocytes which express a particular sub-set of CD antigens.
Thus, the sub-set of CD antigens expressed on a leukemia may be similar to that of a
precursor cell in a particular lineage. Alternatively, blockade of a particular lineage by
mutation may result in differentiation of precursors to cells that express an unusual

combination of CD antigens.

Application of the subject antibody array is illustrated by determination of the expression
of CD antigens on normal peripheral blood leukocytes (PBLs) and Chronic Lymphocytic
Leukemia (CLL) cells. The CLL cells bound to the antibody dots with a uniform
intensity. In addition, CLL cells bound to fewer antibody dots than normal PBLs. Blood
samples were tested from CLL patients with advanced disease with white blood cell
(WBC) counts of 30-86 x 10’ cells/L and also from patients with WBC counts comparable
to the density of normal PBLs (10 x 10° cells/L). The antibody array pattern for this low

level CLL was still distinguishable from that of normal PBLs (see results for CLL patient

KB, shown in Fig. 8c).

In summary, a prototype array of 62 antibodies (54 and 60 dot arrays are shown in Figs. 7

|
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and 8, respectively) was used to enable rapid and reproducible identification of sub-sets of
CD antigens on normal PBLs and CLL cells. This array enables diagnosis of different
types of leukemias and lymphomas based upon CD antigen expression. Identification of
unusual CD antigens on a leukemia or a lymphoma provides a target for treatment of the
patient with a humanised monoclonal antibody against that antigen. For example,
Rituximab is anti-CD20 used to treat B-cell lymphomas, such as Non-Hodgkins
Lymphoma (NHL). Campath-1H is anti-CD52 used to treat chronic T- and B-cell
lenkemias such as T-PLL and B-CLL. CD antibody arrays of this type are also useful for
diagnosis and treatment of non-neoplastic disorders involving leukocytes such as auto-
immune and immuno-deficiency diseases, HIV and mononucleosis. In addition, the method

could be used for analysing leukocytes in cord blood and bone marrow aspirates.

The following description provides the most preferred method for preparing the ‘antibody
arrays. The panel of antibodies is generally used to construct antibody arrays with the
Cartesian Technologies PixSysTM 3200 Aspirate and Dispense System. The antibodies are
chosen for use in a particular diagnosis or detection protocol. Each antibody is generally
applied in the volume of from about 1 to about 10 nanoliters in a dot format at
approximately from 0.5 to 1.5 mm intervals to create an appropriate array on a
nitrocellulose film generally laid on a solid support such as but not limited to a microscope
slide. After dotting, the supports are assessed on a light box and the corners of the arrays
marked gently using, for example, a lead pencil. The antibody arrays are then immersed in
a blocking agent such as but not limited to skim milk, Irish moss extract or other source of
carrageenan or gelatin. From about 2% to about 15% w/v skim milk powder in PBS at
4°C overnight or at 37°C for from about 60-120 minutes is particularly useful. After
application of the blocking agent, the solid supports are washed gently with purified water
and allowed to dry at room temperature for a period of time from about 60-120 minutes.

The solid supports are then stored in an airtight bag at 4°C in the dark.

The cells to be tested on the antibody arrays are freshly harvested or reconstituted from

liquid nitrogen storage. The cells are washed in PBS and resuspended at a density of from

|
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about 1 x 10%to 1 x 10° cells/mL. Solid supports are then prepared by warming same to
room temperature and moistened with PBS. The nitrocellulose is then wiped dry around
the edges of the marked array and placed in a moist environment such as a petri dish lined
with damp tissues. From about 100 to about 500 AL of cell suspension is pipetted onto the
5 slide within the wiped edges of the array. The array is then incubated with the cells in the
humidified closed petri dish for approximately 30 minutes at room temperature. Th\e time
and temperature of incubation at this point may be varied to suit the particular conditions

for the convenience of the person conducting the assay.

10 After incubation with the cells, the solid supports are carefully submerged or immersed in
PBS then placed in a petri dish of PBS and gently agitated to wash off cells not bound
specifically to the array. If significant background binding has occurred as observed by

microscopic examination, then the washing step is repeated.

15 The array is then observed microscopically, for example, using an Olympus BX60
fluorescence microscope (Olympus Optical Company, Japan), with a UPLan 4 x objective
with the condensor set at the phase 1 position and a green filter over the light source.
Images are captured and analyzed using a SenSys digital cooled CCD camera (1317 x 1035
Pixels, Photometrics), PCI Frame Grabber and Windows Image Processing and Analysis

20 Software (Digital Optics). Images are processed for presentation using Adobe Photoshop
version 3.0 software. The intensities for specific binding of cells to each antibody dot is

also recorded using a relative scale of +/-, +, ++, +++.

After recording the results as computer files, the antibody array bound cells are fixed by
25 bathing the slide in FACS fixative (0.94% v/v formaldehyde, 2% D-glucose, 0.03% v/v
NaNs, PBS (pH 7.3)) for 30 minutes. After rinsing in PBS, the bound cells are stained for
5 mins with Hemotoxylin counterstain (Immunotech, Marseille, France) which stains the
nuclei of cells blue. The solid supports are then rinsed in PBS, dried and stored at room

temperature. The solid supports may then be subsequently wetted with PBS and re-

30 examined microscopically.
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Although the subject invention is particularly exemplified with respect to using the assay
to detect cancer, as described above, the assay may also be used to detect or quantitate a
particular molecule or class or family of molecules in a chemical sample such as a

5 chemical library, phage display library or in an environmental sample. It may also be used
to detect or quantitate particular microbes, viruses, parasites or other pathogens. The

present invention extends to all these aspects.

Furthermore, the present invention extends to the use of genetic means to conduct the

10 assays. In this instance, the P molecules would be oligonucleotides. The binding partner
would be a DNA or RNA (e.g. mRNA) sequence capable of hybridizing to a P molecule.
In a particularly preferred embodiment, the binding partner is DNA produced by reverse

transcriptase such as using RT-PCR.

15 In one particular example, the array may be used to detect CD antigen expression on
leukocytes, leukemias or lymphomas. The array would comprise a microarray of
oligonucleotides corresponding to all of the CD antigens (166 or a particular sub-set). This
microscopic array would consist of tiny (pL) dots of complementary oligonucleotides
(~ 20 nucleotides [nt]) covalently linked to a solid support. mRNA 1is extracted from 5,000

20 - 10,000 leukocytes and amplified by RT-PCR with end-labelling of the resultant DNA
transcripts with biotin or *?P. The labelled DNAs are then hybridized to the
oligonucleotide array and unbound DNA removed by washing. The presence of DNA
transcripts of mRNAs are detected with a high resolution fluorescence or radioactivity
scanner yielding a dot pattern for expression of CD mRNAs. This dot pattern would

25 correspond to that obtained with the antibody array with bound leukocytes.

This alternative procedure for detection of CD antigen expression is more sensitive than
that using intact cells, but requires more sophisticated instrumentation. This procedure 1s

particularly useful for detection of minimal residual disease in patients in remission.
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The present invention extends to such a genetic assay.

The present invention is further described by the following non-limiting Examples.
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EXAMPLE 1
PREPARATION OF ANTIBODY ARRAY

The antibodies may be covalently linked to a suitable membrane such as an Immobilon P
5 membrane (PVDF; Millipore Corporation). Subsequent blocking with an excess of a
protein solution such as a skim milk preparation is preferred. A blocking agent is designed
to eliminate non-specific binding on the binding surface. Other suitable blocking agents are
Irish moss extract or other source of carrageenan or gelatin. The antibodies are also
adsorbed to a nitrocellulose film on a glass microscope slide (Schleicher and Schuell, NH,
10 USA) and the unbound nitrocelhilose is then blocked with skim milk. Antibodies are also
adsorbed to Nylon membranes. To increase the accessibility of bound anti-CD antibodies
to antigens on cells, the solid support used for the array is initially coated with a
recombinant, truncated form of Protein G from Streptococcus which retains its affinity for
the Fc portion of IgG but lacks albumin and Fab binding sites, and membrane-binding
15 regions (Goward et al., 1990). Antibodies are applied to this coat of Protein G and bind
via their Fc domains leaving the Fab domains free to interact with cells. The Fab domains

are also further from the solid support providing greater accessibility of CD antigens on

cell membranes to antibodies.

20 The array of antibodies is also constructed on a membrane or a coverslip. In this case, the
antibodies are covalently linked to the membrane as duplicate spots in a two-dimensional
matrix. The spots are arranged in a matrix such as but not limited to a 15 x 15 matrix.
The antibodies are monoclonal and are specific for the cluster of differentiation (cluster
designation) antigens (CD antigens) and myeloid (MY) antigens expressed on leukemia

25 cells. Antibodies specific for LY antigens may also be included. Details of CD antigens
are available at http://www.ncbi.nlm.nih.gov/prow/cd/index molecule.htm. The spots are
of microscopic size and are produced by the application of a drop (~ 10 nanolitres) of
antibody solution (e g. 10 Fg protein/ml) on designated portions of a membrane or glass
surface such as a coverslip, first washed with a non-specific protein absorbent such as

30 30% w/v skim milk (Dutch Jug, Bonlac Foods Ltd, Melbourne, Australia) and then
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rinsed. Other protein solutions and other brands of skim milk may also be employed. The
antibodies may be covalently coupled to the solid support such as through amino groups of
lysine residues, the carboxylate groups of aspartate or glutamic acid residues or the
sulfhydryl groups of cysteine residues. The array of antibodies selectively binds cells
5 from body fluids which express the respective antigens or may bind free antigens. A

positive and/or negative control 1s included such as an antibody for surface molecules or
soluble molecules known to be present in the sample. An example of one form of the
assay device is shown in Fig. 3. The solid support is conveniently of similar size and
shape to a microscope slide and may be constructed of glass or other polymeric material.

10 In the figure shown, there are 40 duplicate, discrete spots, a total of 80 spots altogether.
A wall around the microscope slide may be separately added or moulded with the slide and
this facilitates retention of fluid material. The present invention extends to any other

device capable of fulfilling the method of the present invention.

15 EXAMPLE 2
PREPARATION OF SAMPLE

Blood samples are used as a source of antigens or cell-surface expressed antigens after
treatment to prevent clot formation. Peripheral blood lymphocytes may be fractionated by

20 centrifugation to produce a "buffy coat” or more specifically by Ficoll-Hypaque density
media. Further fractionation of lymphocyte or other cell sub-populations may be
conducted using Dynabeads which are magnetic beads covalently linked to a specific
antibody. Generally, cells are resuspended in Hank's solution at a density of 2 x 10°
cells/ml and are applied to an antibody array as a uniform suspension of 200 pL. The

2> Hanks solution is isotonic and contains glucose which maintains the viability and integrity
of the cells during this binding step. After incubation of the cell suspension with the
antibody array for 30-60 minutes (e.g. 30 minutes) at 37°C 1n a humid atmosphere, the
unbound cells are washed from the array with phosphate buffered saline (PBS, two
aliquots of 20 pL) which is then decanted Alternatively, the unbound cells are suspended

30 by gentle rocking and the array 1s subject to washing with pre-warmed Hanks solution (3 x
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1 mL).

EXAMPLE 3
IMPROVED METHOD OF PREPARING SAMPLE

A panel of antibodies (such as 51 spots of antibodies) is used to construct antibody arrays
with the Cartesian Technologies PixSysTM 3200 Aspirate and Dispense System. The
monoclonal antibodies are chosen for diagnosis of common types of leukemias. Templates
for the antibody arrays on the slides are presented in Figs. 7A and 8A. Each antibody (5
10 nL) is dotted at 0.8 mm intervals to create a 0.65 cm x 0.45 cm array on the nitrocellulose
film on a microscope slide. After dotting, the slides are assessed on a light box and the

corners of the arrays are marked gently with a lead pencil.

The antibody arrays are then immersed in 5% w/v blocking agent such as skim milk,

15 bovine serum albumin (BSA), calf serum, Irish moss extract or other source of
carrageenan or gelatin in PBS at 4°C overnight, equivalent to a 90 min blocking at 37°C.
After blocking, the slides are washed gently with purified water and allowed to dry
thoroughly at room temperature for 90 mins. The slides are then wrapped in GladWrap

(trade mark), sealed in an air-tight bag and stored at 4°C in the dark.

20

Cells to be tested on the antibody arrays are freshly harvested or reconstituted from liquid
nitrogen storage. Cells are washed in PBS and resuspended at a density of 1 x 10’
cells/mL. Slides to be tested are unwrapped, warmed to room temperature and moistened
with PBS. The nitrocellulose is then wiped dry around the edges of the marked array and
25  placed in a petri dish lined with damp tissues. The cell suspension (300 L) is carefully
pipetted onto the slide within the wiped edges of the array. The array was incubated with

the cells in the humidified closed petri dish for 30 mins at room temperature.

After incubation with the cells, the slide is carefully dipped into a 50 mL tube of PBS,

30 then placed in a petri dish of PBS and gently swirled to wash off cells not bound
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specifically to the array. If significant background binding is still observed by microscopic

examination of the slide, this step is repeated until the binding pattern is apparent.

EXAMPLE 4
5 ASSAY

Samples of cells or antigens are applied to the antibody-membrane array, incubated to
enable maximal binding and non-bound material is then removed by a suitable washing
solution. Generally, bound cells are fixed to the antibodies by chemical cross-linking.
10 Cells bound to antibodies in the array are visualized microscopically to determine
morphologies. Where necessary, cells are fixed to the array and stained, treated

enzymatically and/or tested for enzymic and/or receptor expression.

Fixed cells may also be interacted with a second antibody labelled with a reporter
15 molecule (e.g. flnorochrome). Alternatively, a series of "second" antibodies are used each
with a different fluorochrome. Expression of multiple antigens on cells is then determined

by fluorescence confocal microscopy.

Fixed cells are also stained or fluorescently labelled to enable quantification of cell
20 densities in the original body fluid sample. This quantification may be automated with a
programmable scanner which records cell densities at each antibody dot in the array. For
example, a laser densitometer (Molecular Dynamics Inc, Sunnyvale, CA, USA) which
scans in two dimensions (resolution 50 Fm) is particularly useful. The degree of staining
of the antibody spots is proportional to the number of cells bound to each antibody. For
25 fluorescence detection, a Fluorlmager or Typhoon (Molecular Dynamics, Inc.) can be

used (resolution SO im).

The antibody array such as against CD and MY antigens provides a pattern of expression
of the antigens and this is then matched to set patterns of antigen expression for different

30 leukemias (e g. acute myeloid leukemia [AML]). For AML (M4), for example, the
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following antigens are expressed: MY4 (CD14), MY7, MY9 and MO1 (CD11b).

EXAMPLE 5
DETECTION OF HUMAN T AND B CELL LINES

Samples (0.4 ul) of antibody solutions (10 ug/ml) for CD3, CD4, CD8, CD14, CD19 and
CD56 (Coulter Beckman) are applied to a nitrocellulose film on a glass microscope slides
(Molecular Probes) and maintained in a moist atmosphere in a Petrie dish. Suspensions (500
FL) of human CCRF-CEM leukemia and Raji B lymphoma cells (10’ cells/mL) were applied to
10 the arrays, incubated and washed with PBS as described in Example 2. The CCRF-CEM
leukemia cells bound strongly to anti-CD4 and anti-CD8 with some binding to anti-CD3 and no
binding to anti-CD19. The Raji cells only bound to anti-CD19. These results indicate that
CCRF-CEM cells, for example, express high levels of CD4, intermediate levels of CD8, lower
levels of CD3 and negligible levels of CD19, CD14 and CD56. Conversely, Raji cells express
15 CD19 but not CD3, CD4, CD8, CD14 and CD56. These results, obtained using the CD antigen
antibody array, were confirmed by flow cytometry (Becton Dickinson Facscalibur) using
antibodies labelled with the fluorophore, FITC. These levels of expression of CD antigens are
consistent with antigen expression reported for T and B cells (Bene and Martini, 1997). The

results of these experiments are shown in Fig. 5A and 5B.

20
EXAMPLE 6

IMPROVED METHOD OF DETECTION

The array is observed with an Olympus BX60 fluorescence microscope (Olympus Optical

25 Company, Japan) using a UPLan 4 x objective with the condensor set at the phase 1
position and a green filter over the light source. Images were captured and aralyzed using
a SenSys digital cooled CCD camera (1317 x 1035 Pixels, Photometrics), PCI Frame
Grabber and Windows Image Processing and Analysis Software (Digital Optics). Images
(6 antibody dots per frame) were processed for presentation using Adobe Photoshop

30 version 3.0 software. The intensities for specific binding of cells to each antibody dot is
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also recorded using a relative scale of +/-, +, ++, +++.

After recording the results as computer files, the antibody arrays with bound cells are fixed
by bathing the slide in FACS fixative (0.94% v/v formaldehyde, 2% D-glucose, 0.03% v/v
5 NaNs, PBS (pH 7.3)) for 30 mins After rinsing in PBS, the bound cells are stained for 5
mins with Hemotoxylin counterstain (Immunotech, Marseille, France) which stains the
nuclei of cells blue. Slides were rinsed in PBS, dried and stored at room temperature. The

dried slides can be subsequently wetted with PBS and re-examined microscopically.

10 EXAMPLE 7
VISUALIZATION AND QUANTIFICATION OF CELLS BOUND TO AN
ANTIBODY ARRAY

There are several options for detecting whole cells or antigens from a blood sample bound to

15 an antibody array.

@) The cells or antigens are reacted with a reagent which covalently attaches fluorescent
groups to amino or sulthydryl groups on all proteins in the sample. Suitable fluorophores
(Molecular Probes, http://www probes.com) available as protein labelling kits are Alexa 488
20 and 3-(4-carboxybenzoyl)-quinoline-2-carboxaldehyde (CBQCA) which may be excited at
488 nm using an argon laser. Alternatively, cells bound to an array are labelled with 5-
chloromethylfluorescein diacetate (CMFDA), a membrane-permeant probe deacetylated by
intracellular esterases to form fluorescent S5-chloromethylfluorescein.  This product
undergoes a glutathione S-transferaseBmediated reaction to produce a membrane-impermeant
25 glutathioneBfluorescent dye adduct which then reacts with thiols on proteins and peptides to
form conjugates. Fluorescently-labelied cells bound to an antibody array are quantified
using a scanning fluorimeter (e.g. FluorImager or Typhoon, Molecular Dynamics, Inc ) or a
confocal microscope. Mild reaction conditions are preferably used so that the majority of
antigen binding sites are not affected. Different cells are labelled to different extents with

30 different numbers of fluorophores. Cells are washed prior to reaction with the fluorophore.
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(ii)  Unlabelled cells bound to an array are reacted with soluble, fluorescently-labelled

antibodies which bind to a different CD antigen on the cells enabling quantification of bound

cells.

(iii)  For some samples, the level of cellular CD antigen may exceed the number of
antibodies available in a particular spot. CD antigens found to be expressed from an initial
screen could be quantified subsequently using a row of dilutions of a particular antibody.

When the number of antibodies in a spot on this array exceeded the number of CD antigens
on cells applied in the sample, there is no further increase in fluorescence. A plot of
fluorescence versus amount of antibody gives the density of cells expressing that CD antigen
in the plasma sample. From these data, the number of a particular CD antigen per cell is

calculated. Levels of bound cells on this quantitative array are determined using procedures

() or (ii) above.

EXAMPLE 8
DETECTION OF FIXED CELLS

Bound celis on the antibody-membrane array are visualized microscopically to determine their
morphologies. The cells are fixed to the array and stained, hybridized with a radioactively-
or fluorescently-labelled oligonucleotide probe, treated enzymatically or tested for enzymic
activities, for determination of their morphologies. The fixed cells may also be reacted with
a second labelled soluble antibody (for example with a fluorochrome attached), or indeed with
a number of different soluble secondary antibodies, each with a distinct fluorochrome.

Expression of multiple antigens by the membrane-bound cancer cells (e.g. leukemia) on the

array is then determined by fluorescence microscopy such as confocal microscopy

In an alternative method, the fixed cells are lysed or otherwise treated to expose intracellular
antigens and then reacted with a second labelled soluble antibody (for example with a

fluorochrome attached) specific for an intracellular antigen, or indeed with a number of
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different soluble secondary antibodies, each with a distinct fluorochrome. Expression of
multiple intracellular antigens by the membrane-bound cancer cells (e.g. leukemia) bound to

the array is then determined by fluorescence confocal microscopy.

5 Fixed cells are stained or fluorescently labelled to enable quantification of cell densities m
the original body fluid sample. This quantification may be automated with a programmable
scanner which records cell densities at each antibody dot in the array, for different antibodies
(e.g. CD, MY and/or LY). For cell mixtures containing unknown proportions of cell sub-
types, densities of cells expressing a particular surface antigen are quantified by binding cells

10 to a series of uniformly-sized antibody dots which differ in the densities of the same antibody
by factors of 10-fold. The density of a particular cell sub-type is determined by
densitometric or fluorimetric scanning of fixed and stained cells bound to these serially-
diluted antibody dots to determine when the density of antibodies in a particular dot exceeded
the density of cells in the sample of cell suspension. A second form of analysis is to .run a

15 cell suspension down a strip of a particular antibody linked to a membrane, fix and stain the
bound cells, and then measure the length of the stripe of bound cells relative to the leng'th of
the total antibody stripe. The density of cells expressing a particular antigen is then
calculated from the known binding capacity of antibodies in the stripe. For serially-diluted

antibody dots or an antibody stripe, an internal standard is run for an antigen expressed on

20 normal leukocytes not related to the cancer cells.

Using an array of monoclonal antibodies (e.g. against CD, MY or LY antigens), the pattern
of expression of particular antigens identified by this array is matched to set patterns of
antigen expression for different leukemias (e.g. M4 AML (acute myeloid leukemia):

25 MY4(CD14), MY7, MY9, MO1(CD11b)). The cellular morphology provides a second

criterion for diagnosis.  The diagnosis may be automated with fluorometric or
spectrophotometric scanning of the arrays to determine which antibody spots bound cells,
with computerized recognition of patterns of antigen expression for particular cancers. This
method enables automated diagnosis of a wide variety of leukemias, lymphomas and other

30 metastatic cancers. Using a complete array of antibodies against CD, MY or LY antigens,
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new types of leukemias and lymphomas may be discovered.

Identification of particular antigens on cancer cells provides essential information for
subsequent immunotherapy of the patient with humanized monoclonal antibodies, or
5  immunotoxins where a toxin or drug is covalently linked to the antibody. Progressive
remission induced by chemotherapy and/or radiotherapy and subsequent relapse due to growth

of drug-resistant cells is monitored in patients using periodic cell samples.

Other arrays of antibodies specific for antigens expressed by metastatic colon, breast,
10  melanoma or other cancers could be made to detect very low levels of metastatic cells in body
fluids {e.g. blood or cerebrospinal fluid) in patients with large primary mumors who would be
at risk for metastasis. Such surveillance would be of pa.rticular importance for rapidly

growing cancers such as melanomas.

15 A "user-friendly interface” may also be created with an antibody array by arranging
antibodies which correspond to, for example, acute myeloid leukemia (AML) in the form of
a character, say, "M" for this lel;kemia. The same antibody array could have antibodies for
acute lymphocytic leukemia (ALL) arranged in an "L". In this way, a single array could give
a direct diagnosis based upon known patterns of surface antigen expression for different
20  cancers. The small size of the antibody dots and arrays of dots would enable several different
tests to be performed on the same sample without significantly adding to the cost of the test.

This is particularly true for 1-5 nanolitre-sized spots where each antibody would cost a small

fraction of one cent.

25 A variety of non-neoplastic disorders of the immune system result in abnormal populations
of circulating lymphocytes. Autoimmune diseases such as Type 1 diabetes, multiple sclerosis,
myasthenia gravis, pernicious anaemia, psoriasis, rheumatoid arthritis, scleroderma and
systemic lupus erythematosis are caused by sub-sets of T cells which may express CD4, and
production of antibodies against auto-antigens by sub-sets of B cells which may express

30 CDI19. For example, quantitative abnormalities have been observed in lymphocyte
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populations of patients with systemic lupus erythematosis (!} CD4+, CD45+ T lymphocytes;
I CD8+, CD57+ T lymphocytes). The antibody array detects expanded clones of T and B

cells directed against the auto-antigen.

5  Children suffering from recurrent infections may have congenital immunodeficiency.

Immunophenotyping by flow cytometry is used to detect deficiencies in lymphocyte sub-sets.

Severe Combined Immunodeficiency Syndrome (SCIDS) is caused by a deficiency in the

enzyme, adenosine deaminase, with very low levels of peripheral blood lymphocytes, such

as T (CD3) and B (CD19) and Natural Killer (CD16) cells. A deficiency of purine nucleoside

10  phosphorylase results in a deficiency of B cells. A variety of immunodeficiency disorders can

be diagnosed by immunophenotyping but additional enzymic assays and karyotyping are

currently required for definitive diagnosis. The antibody array of the present invention

provides definitive information on the sub-sets of lymphocytes which are deficient when other
criteria may not be required.

15
The Human Immunodeficiency Virus (HIV) infects mainly CD4 + lymphocytes because the

gp120 protein of HIV binds to CD4. In the course of development of AIDS, there is
irreversible depletion of CD4 + lymphocytes. However, many other cell types are infected
by HIV including macrophages, B lymphocytes and microglial cells. Currently, the
20  population of CD4 lymphocytes is monitored in patients with HIV, but immunophenotyping
should be more extensive as recommended by the Centre for Disease Control (CDC, Atlanta,
USA). The following double labelling tests are done by flow cytometry: negative controls,
CD45/CD14, CD3/CD4, CD3/CDg, CD3/CD19, CD3/CD16, CD3/CD56 and CD4/CD8.
This labour-intensive procedure is replaced by a single-step procedure using an array
25  containing antibodies against these CD antigens and additional antigens which would further
define the sub-sets of affected lymphocytes. When patients are infected with HIV, there is
a rapid decline in CD4 + lymphocytes to a minimal value at approximately 6 weeks followed
by a partial recovery in their levels by 12 weeks. In the longer term, there 1s a progressive
decline in CD++ lymphocytes leading to death after approximately 11 years (Shinton, 1998).

30  Treatment with zidovudine (AZT) induces a transient increase in CD4+ lymphocytes; the
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effect of chemotherapy on vartous sub-sets of lymphocytes is monitored with an antibody

array to follow the clinical progression of HIV patients.

Immunophenotyping is also useful for bone marrow and organ transplantation for
5  determination of the degree of immunosuppression and complications such as rejection or
infection (Bene and Martini, 1997). Flow cytometry is employed before transplantation for
tissue typing using monoclonal antibodies to detect HLA-specificities, or cross-matching.
Tolerance to transplanted tissues is induced by administration of cyclosporin to the patient.
Treatment at the time of transplantation forces the level of peripheral blood Iymphocytes to
10  almost zero. The disappearance of T cells from the blood is monitored by flow cytometry for
CD3+ cells. Following transplantation, an increase in CD8+ cells signals possible rejection
and increases in CD8+ and CD16+, CD56+ and/or CD57+ cells may indicate viral
infection. This surveillance of the immune state of the transplant patient is done more rapidly
and extensively using an antibody array.

15
Some cancer patients receive high-dose chemotherapy and then require a bone marrow

transplant to replace their depleted immune system. The transplanted marrow. then enables
haematopoietic reconstitution but unusual sub-sets of lymphocytes sometimes appear, such as
CD5+ T cells. Opportunistic infections and graft-versus-host disease may occur in such
20  patients giving an increase in CD8+ cells in both cases and on elevation of Natural Killer
cells. Replacement of flow cytometry with an antibody array for CD antigens simplifies the

monitoring of patients and provides more extensive information.

Antibody arrays for CD antigens are also useful for monitoring changes in lymphocyte sub-
25  sets during desensitisation therapy to insect or spider venom where the numbers of CD4 +
CD45RA + increase and CD4+ CD45RO+ decrease from elevated levels. Patients with
Chronic Fatigue Syndrome may have immunological abnormalities consistent with a viral
infection with activated CD8 -+ lymphocytes. A detailed analysis of lymphocyte sub-sets by

the antibody array of the present invention establishes new diagnostic criteria and provides

30 fundamental information on this disorder.
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EXAMPLE 9
ANTIBODY ARRAY TO DIAGNOSE LEUKEMIAS

5 CCRF-CEM T cell leukemia and Raji B cell lymphoma are distinguishable using an array of
antibodies against CD3, 4, 8, 14, 19 and 56 bound to a microscope slide. The distinguishing

array appears as follows (where "+" indicates level of binding):

CEM Raji
10
CD3 + -
CDh4 - -
CD8 ++ -
CD14 - -
15 CDI19 - A+
CD56 - -

This array is tested with whole blood and peripheral blood lymphocytes. All spots bind cells
with different sub-populations of cells on some of the spots. Sub-populations of cells are

20  detected using antibodies against the following CD antigens:

CD2,7,3,4,5,8,9,10, 11b, 11c, 13, 14, 15, 16, 19, 20, 21, 22, 23, 24, 25, 33, 34, 36, 37, 38,
41, 42, 45, 56, 57, 95, 122.

25  Large arrays are set up with these antibodies to investigate the binding properties of leukemia
cells taken from patients. A particular focus is upon patients with AML, CLL and ALL but the
present invention covers any cancer. By using this approach, the antibody array is capable of
defining new sub-sets of leukemias based upon extensive information on antigen expression
available using this single step assay.

30
EXAMPLE 10
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NITROCELLULOSE-BASED ANTIBODY ARRAY

The procedures used to prepare the assay are illustrated as a flow chart in Fig. 4. The
antibody arrays are constructed using a Biodot Aspirate and Dispense System (Cartesian
5  Technologies) where 5 nL dots are applied to a nitrocellulose film on glass microscope slides
(Schleicher and Schuell, Cat. No. 10484182). Purified monoclonal antibodies (Beckman
Couiter, Becton Dickinson or Biosource International) are used at concentrations
recommended for flow cytometric analysis and are applied in the same buffers as supplied by
the manufacturers. The nitrocellulose is then blocked by incubation with 5% w/v skim milk

10  (Dutch Jug) for 1.5 h at 37°C. These blocking conditions are chosen to minimize background

binding.

The dry arrays are stored for more than 3 months at 4°C with no loss of binding capacity for
human CCRF-CEM T-cell leukemia and Raji B-cell lymphoma cell lines (Tables 1 & 2). A
15  comparison of dry arrays stored with desiccant at 4°C, room temperature (22°C) or 37°C for
1 month showed little or no deterioration at 4°C, minimal deterioration at room temperature
and only partial loss of binding activity at 37°C when tested with normal PBLs (Table 3).
Shaded antibodies continued to show strong binding activity even after 1 month at 37°C.
The stability of the arrays is further enhanced by adding protein stabilizing agents to the

20 antibodies (e.g. polyethylene glycol or stabilizer products commercially available from

Surmodics, MN, USA).

Normal leukocytes or leukemia cells are prepared by Histopaque centrifugation and are
washed and resuspended to 107 cells/L in phosphate-buffered saline (PBS). The use of PBS
25 results in cells which are metabolically depleted and results in reduced non-specific
background binding to blocked antibody arrays. The cell suspensions are applied to the array
and incubated at room temperature for 30 min, fixed with a glucose/formaldehyde/PBS
solution and then washed with PBS. Cells bound to the array are photographed and the digital
images are matched to consensus patterns for normal PBLs or leukemias. Since some of the

30  samples show background binding to the nitrocellulose, steps are taken to minimise the
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background. Inclusion of the chelating agent 1 mM EDTA 1n the PBS for cell suspension
significantly reduces background binding without interfering with specific antibody binding.
An AML sample is found to bind very strongly to isotype control antibodies, suggesting Fc
receptor binding. This is overcome by pre-incubation of the cells with 10% v/v heat
5 inactivated human AB serum. To further reduce the problem of background binding, the
following compounds are used to reduce t-he binding capacity of leukocytes by inhibiting
protein synthesis and/or by blocking the Mac-1 adhesion molecule expressed on many
activated leukocytes: heparin, high molecular weight kininogen, Mocimycin, pentoxifylline,

benzydamine (Tantum), lidocaine and naftifine.

10
Wet slides are reviewed using dark-field microscopy at 400x magnification. Dots are

photographed in groups of 6 and a composite picture produced using Adobe Photoshop
software. Cell density on each antibody dot is quantified from the digital images using
computer software or recorded by densitometric or fluorimetric scanning. The leukocytes

15 bound on the array are stained by Alexa 488-conjugated anti-CD45 (leukocyte common
antigen) and observed by fluorescence microscopy (Fig. 6). Three cc;lour confocal
microscopy 1is thus used for further identification and characterisation of cells bound to
individual antibody dots. Histochemical stains (e.g. myeloperoxidase) is used on the cells
bound to the arrays to confirm identification of some leukemia sub-types (e.g. AML).

20
Initially, 3 cell lines are tested on an array of 54 10 nL antibody dots (Figs. 7a-d). The key
for the positions of antibodies is shown in Fig. 7a. Distinct dot patterns are detected with
the CCRF-CEM T-cell leukemia (Fig. 7b), Raji B-cell lymphoma (Fig. 7c) and the NB4
myeloid cell lines (Fig. 7D). These results are summarized in Table 4.

25
Typical dot patterns for normal PBLs, Chronic Lymphocytic Leukemia (CLL), Hairy Cell
Leukemia (HCL), Acute Myeloid Leukemia (AML) and B-cell Lymphoma (BCL) are shown
in Figs. 8a-g with the key for the positions of antibodies (Fig 8a) Patterns of CD antigen
expression for PBLs are summarized in Table 5, with the shaded CD antigens indicating a

30 common pattern of expression. Freshly isolated PBLs (RIC) give similar results to the same
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PBLs which had been frozen in hquid nitrogen and then thawed (shown in Table 8). This
observation enables the use of frozen leukocytes and leukemias for analysis with antibody
arrays. Table 6 summarizes patterns of CD antigen expression for CLL cells from 9

leukemia patients. When CLL samples are frozen and retested, the patterns obtained are

5 highly reproducible. All tested CLLs strongly expressed CD5, 11¢, 19, 20, 21, 22, 23, 24,
37, 38, 45, 52 and HLA-DR, which are characteristic cell surface markers for CLLs of the

B-cell type.

Table 7 shows a comparison between a normal PBL, two CLLs and samples from PLL
10 (prolymphocytic leukemia), HCL, BCL and AML patients. CLL sample KB is from an
early diagnosis with WBC density within the range for normal individuals (10 x 10’ celis/L),
while the EH2 sample came from a patient with more advanced disease and a raised WBC
count of 30 x 10 cells/L. The shading illustrates the similarities and differences in the major

antigens expressed by these different leukemas. -

15
A rigorous comparison is made between analysis of PBLs and CLLs using the antibody array

and flow cytometry (Table 8). There is a strong correlation between the results from the two
analyses, with the exceptions of CD2, CD11b, 14, 15, 16, 56, 57, 95, 103, 154, KOR and
FMC7. In most of these cases, flow cytometry is positive, while the antibody array is
20 negative. Also, the percentage of positive cells detected by flow cytometry is low or the
staining is weak. Flow cytometry uses soluble antibodies while arrays use antibodies
immobilized on a solid support. Antibodies in free solution have greater access to CD
antigens on cells than antibodies on an array where steric hindrance may occur. Also, a
higher affinity of binding is required to retain cells bound to a solid phase. Storage of
25 antibodies in solution at 4EC results in a gradual loss of binding activity on subsequent
antibody arrays. In most cases, binding activity is restored with fresh antibody In other
cases, higher concentrations of antibody are required. In one case (CD2), antibody from a

different hybridoma clone binds cells. These modifications sigmificantly improve the
correlation between solid phase and FACS analysis.

30
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Where CD expression is negative by flow cytometry, but positive by antibody array (ie
CD103 and KOR with RIC PBL), this difference is resolved by inclision of human AB serum
with RIC PBLs before testing by antibody array; both CD103 and KOR were then negative
(see Fig. 8b). Inclusion of human AB serum, which contains immunoglobulins, also blocked
5  detection of immunoglobulin (Ig) on the surface of B-cell CLLs. In addition, human serum
may contain soluble forms of other cell surface markers which may block the binding cells
expression these markers (eg. CD154, CD95). It is recommend that samples be tested
initially in EDTA/PBS without addition of human AB serum. Only those samples which show
strong Fc receptor binding in the initial test are then retested with human AB serum.
10
For some applications, cell binding to the antibody dots is quantified by comparison with an
internal standard. Fig. 9 shows the relationship between cell binding and the density of Raji
cells incubated with dots of antibodies against 3 different surface markers. For CD38 and
HLA-DR, there is a direct correlation between cell density and number of cells bound to the
15 dot at cell concentrations up to 10 x 10° cells/mL. For HLA-DR, the correlation is linear
from 1-10 x 10° cells/mL. For CD10, a plateau was reached at approximately 5 x 10°
cells/mL, suggesting saturation of antibody binding sites. Fig. 10 shows that correlation
between cell binding and CD10 antibody concentration was linear at antibody concentrations
between 0.16 and 1.25 ng/ml. These results demonstrate that quantification of cell binding

20  should be possible provided conditions are optimized for each antibody.

Those skilled in the art will appreciate that the invention described herein is suscePtible to
variations and modifications other than those specifically described. 1t is to be understood
that the invention includes all such variations and modifications. The invention also includes
25 all of the steps, features, compositions and compounds referred to or indicated in this

specification, individually or collectively, and any and all combinations of any two or more

of said steps or features.

The assay of the present invention is referred to as the "LD Array” and is dedicated to a

30 patient, Mrs Lee Dixon, who had acute myeloid leukemia (AML, M4).
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Table 3: Binding patterns for PBLs on arrays stored at 4°C, 22°C and 37°C.
PBL (RIC2) stored in liquid nitrogen were reconstituted and bound to the arrays in PBS
15  containing EDTA and human AB serum by the established procedure. Shaded CD markers

indicate strong binding after storage for 1 month at all 3 temperatures.

Table 4: Binding patterns for cell lines on antibody arrays.
Cultured cells resuspended in PBS were bound to arrays as for Table 3. Shaded CD markers

20  indicate strong binding.

Table 5: Binding patterns for PBLs on antibody arrays.
PBLs from two subjects (RIC and LB) and three buffy coats from the Red Cross Blook Bank
(PBL1, 2, 3) were bound to arrays as for Table 3. All procedures were as for Table 3.

25
Table 6: Binding patterns for Chronic Lymphocytic Leukemia samples from 9
patients.
All procedures were as for Table 3, but samples were tested mn PBS, except EH2, KB and
NH to which EDTA and human AB serum were added. Shaded CD markers indicate

30  consistent binding for all patients.
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$10% % & rﬁalech@e f the array, with the exception of a negative control, is capable of interaction with
its respective binding partner putatively in a biological sample from an animal, avian species
or plant wherein the pattern of interaction between the molecules and the binding partners is
indicative of a normal condition or a disease condition or disorder or a propensity for the

development of a disease condition or disorder.

2. An assay device comprising an array of non-nucleic acid molecules wherein each
molecule in the array, with the exception of a negative control, is capable of interaction with
its respective binding partner putatively in a chemical library, phage display library or
environmental sample wherein the pattern of interaction between the molecules and the

binding partners is indicative of the presence, type and/or amount of a particular binding

partner in said sample.

3. An assay device according to claim I wherein the biological sample is from a human

or non-human animal.

4. An assay device according to any one of claims 1 to 3 wherein the array comprises

the formula:

wherein

P is a member of a binding group capable of interacting with a binding partner,

mm .. .. mrepresent different members of the binding group;
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about O to about 100 provided that at least one of b, c or d is not 0;

z is the total number of groups of molecules on the array and is from about 2 to about

2000
5 An assay device according to claim 4 wherein the disease condition or disorder is
cancer.
6. An assay device according to claim 4 wherein the antigen is a chemical in a chemical

library or in an environmental sample or is a peptide, polypeptide or protemn in a phage

display library.

7. An assay device according to claim 4 wherein the array comprises immunoglobulins
in discrete regions of the solid support and the ‘binding partners are antigens expressed on the
surface of a normal or cancer cell or are released by a normal or cancer cell or are present
on a microbe, virus, parasite or other pathogen or is a chemical in a chemical library or in an

environmental sample or is a peptide, polypeptide or protein in a phage display library.

8. An assay device according to claim 7 wherein the array comprises the formula:
11 my my
[qo‘Jc [qOZJf ...... [qok}g
y
wherein

q is an immunoglobulin specific for an antigen expressed on a normal cell or cancer

cell or antigen released by a normal cell or cancer cell or an antigen present on a
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mim..... .. m represent members of the same immunoglobulin group which bind to

different parts of the same antigen;

01 02 ........ ok represent different groups of immunoglobulins defined by specificity
to different antigens.

e, f and g represent the number of different immunoglobulins within each of groups
0102 ....... ox, respectively and wherein e, f and g may be the same or different and
each is from O to 100 provided that at least one of e, f and g is not 0;

y is the total number of groups of immunoglobulins on the array and is from about 2

to about 2000.
9. An assay device according to claim 8 wherein the immunoglobulins are monoclonal
antibodies.
10. An assay device according to claim 8 or 9 wherein the immunoglobulins are specific

for cluster of differentiation (CD) antigens and/or myeloid (MY) antigens and or lymphoid

(LY) antigens expressed on leukemic cells.

11. An assay device according to claim 1 wherein the disease condition or disorder is a

non-neoplastic disorder.

12.  An assay device according to claim 11 wherein the disease or condition is a non-

neoplastic disorder of the immune system.

13.  An assay device according to claim 11 or 12 wherein the disease or condition is
selected from an autommune disease such as Type 1 diabetes, multiple sclerosis, myasthena
gravis, pernicious anaemia, psoriasis, rheumatoid arthritis, scleroderma and systemic lupus
eryihematosis, infection by a pathogen such as a virus including HIV-1, Hepatitis virus,

Epstein-Barr virus (mononucleosis), a microorganism or a malarial parasite, congenital
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S10%7 & Q OOAE 'ags%%?%%% '?\ol Iir(l)y 6an.: of claims 1 to 13 wherein the molecules immobilized

on the solid support are in an arrangement in the array such that upon interaction between

the molecules and the binding partners, a differential pattern of density provides an

identifiable signal.

15. A method for determming the presence of a disease condition or disorder or a
propensity to develop a disease condition or disorder such as but not limited to cancer or a
non-neoplastic disorder in an animal, avian species or plant, said method comprising
obtaining a biological sample from said animal, avian species or plant comprising free
binding partners or binding partners bound to a cell surface associated directly or indirectly
with said disease condition or disorder and contacting said biological sample with a solid
support comprising an array of non-nucleic acid molecules capable of binding to said binding
partners wherein the pattern of interaction with the binding partners is indicative of the

disease condition or disorder or a propensity to develop said disease condition or disorder.

16. A method according to claim 15 wherem the biological sample is from a human or

non-human animal.

17. A method according to claim 16 wherein the array comprises the formula:

o] o] o]

c d

wherein

P is a member of a binding group capable of interacting with a binding partner;
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x; respectively and wherein b, ¢ and d may be ‘the same or different and each is from

about 0 to about 100 provided at least one of b, c or d is not 0;

z 1s the total number of groups of molecules on the array and is from about 2 to about

2000.

18. A method of claim 17 wherein the disease condition or disorder is cancer.

19. A method according to claim 17 wherein the disease condition or disorder is a non-

neoplastic disorder.

20. A method according to claim 19 wherein the disease or condition is a non-neoplastic

disorder of the immune system.

21.  An assay device according to claim 20 wherein the disease or condition is selected
from an autommine disease such as Type 1 diabetes, multiple sclerosis, myasthenia gravis,
pernicious anaemia, psoriasis, rheumatoid arthritis, scleroderma and systemic lupus
erthematosis, infection by a pathogen such as a virus including HIV-1, Hepatitis virus,
Epstein-Barr virus (mononucleosis), a microorganism or a malarial parasite congenital

immunodeficiency, adverse reaction following bone marrow or tissue transplantation or

chronic fatigue syndrome.
22, A method according to claim 15 wherein the array comprises immunoglobulins in
discrete regions of the solid support and the binding partners are antigens expressed on the

surface of a normal or cancer cell or are released by a normal or cancer cell.

23. A method according to claim 22 wherein the array comprises the formula:
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27 A method of treating cancer or a propensity to develop cancer in a human or non-
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binding partner or to a different partner associated with said first mentioned binding partner.

29. A method according to claim 28 wherein the labelled antibody is a fluorescently

labelled antibody.

30.  Use of an array of non-nucleic acid molecules capable of interaction with a respective
binding partner putatively in a biological or chemical sample to determine the presence of a
disease condition or disorder or a propensity for the development of a disease condition or
disorder or to detect a microbe, virus, parasite or pathogen or to detect a peptide,

polypeptide or protein in a phage display library.

31. A method for identifying a protein mimetic in a chemical or biological sample said
method comprising contacting said sample with an array of immobilized molecules capable
of binding to the protein for which a mimetic is sought and identifying the presence of a

protein mimetic which binds to an immobilized molecule.

32. A method according to claim 31 wherein the immobilized molecules are immobilized

immunoglobulins
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33. A method according to claim 31 or 32 wherein the chemical sample is a synthetic or

natural chemical library

34. A method according to claim 31 or 32 wherein the biological sample is a phage

display library.

35. A method according to claim 31 or 32 wherein the protein mimetic is capable of

activating or antagonizing a B or T lymphocyte.



